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Purpose
Discuss NCHRP Research Report 816.

Learning Objectives

At the end of this webinar, you will be able to:

 Understand what a tunnel preservation action is and how to develop a
list of preservation actions

e Describe how to prioritize improvements for various tunnel systems using
a consistent metric

« Explain how the listing can be used to develop multi-year capital plans
and to evaluate funding and staffing needs once the improvements are
prioritized
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Agenda

1. Project Objectives
2. Tunnel Asset Management Process
3. Prioritization Process
a. Identify Preservation Actions
b. Measure of Effectiveness Score
c. User Prioritization
6. Funding Evaluations
7. Communicating the Need
This investigation was sponsored by TRB under the NCHRP Program. The contents of this

presentation has not been reviewed by the project panel or NCHRP, nor do they constitute a
standard, specification, or regulation.



NCHRP 14-27 Project Objectives

To Develop:

A metric for use by tunnel owners to |
preservation actions

- A metric for evaluating funding scenari

- A Guide for the Preservation of Hig ;’
Systems -



Inventory

Less than

614,380 8 Million

Bridges in the U.S. Paved U.S. Miles

473

Tunnels include complex systems; a rational
method of prioritizing preservation actions is
needed.
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Tunnel Inventory

Tunnel Average Daily Traffic

4 (x1,000) Description

1 40 Rural tunnel on a major interstate.

High traffic urban tunnel downtown in a

2 100 S
major city.
3 30 Low traffic urban tunnel outside of city.
4 19 Very low traffic urban tunnel downtown.
Us capitol
The House
5 50 Moderately high traffic tunnel near Tunnel 2.

6 75 High traffic urban tunnel accessing a major city.




Tunnel Asset Management Process
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Agency Levels of Service (LOS)

Selection of Agency Levels of Service (Goals and Objectives)

RELIABILITY | The ability to keep the tunnel open and operational

SAFETY | To maintain safe conditions for the traveling public and workers

SECURITY | To reduce the vulnerability to technological or natural hazards

PRESERVATION | To increase the remaining life of the asset

QUALITY OF SERVICE | To improve the experience for the driving public

ENVIRONMENT | To reduce the impacts or potential for environmental impacts




Agency Levels of Service (LOS)

Weighting of Agency Level of Service and Performance Goals

Example: An agency has defined six levels of service categories as follows:

RELIABILITY 20%
SAFETY 40%
SECURITY 5%
PRESERVATION 18%

QUALITY OF SERVICE 15%
ENVIRONMENT 2%

TN

Apply a weight to each of these
LOS categories.

Weights must sum to 100%.



Performance Measures

*  Develop Performance Measures

Number of Incidents/Accidents per Year | SAFETY
Condition of Tunnel Structural System | PRESERVATION

Condition of Tunnel Mechanical and Electrical Systems
PRESERVATION | RELIABILITY

Operating Costs | PRESERVATION | RELIABILITY

Number of Tunnel Closures per Year
SAFETY | RELIABILITY



Tunnel Asset Management Process
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Inspect Tunnels

NTIS Inspections per TOMIE and SNTI




Evaluate and Identify Preservation Actions

* NTIS Inspections
« Maintenance Recommendations

* NFPA 502 Evaluations for Fire Life Safety

* Evaluations to Reduce Maintenance or Energy

— Replacing fan components to state of the art
components for better performance

— LED lighting




Identify Preservation Actions

The following preservation actions have been identified
and must be evaluated and prioritized based on most
recent inspections and evaluations of existing systems.

Ventilation upgrade to meet NFPA 502. (Tunnel #1)
Install new LED lights. (Tunnel #1)

CO System —Repair to operating condition. (Tunnel #2)
Repair active leak in ceiling. (Tunnel #4)

Remove existing concrete tunnel ceiling. (Tunnel #6)
Install Flood Gates (Tunnel #6)

o v w N




Tunnel Asset Management Process

Risk-Based
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Prioritizing Tunnel Preservation Actions

NCHRP Report 816 Guide for the Preservation
of Highway Tunnel Systems

— Provides a metric to prioritize improvements
across all tunnel systems and assets

Guide for th
| e Preservat'
Hrghway Tunne} Sj,vs"t,t?n‘r.‘.sf




Measure of Effectiveness

Overall
Cost Risk Based —
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Levels of Service (LOS) Score

Agency LOS + +

L Impact of
Preservation

Action




Level of Service (LOS) Rating

LOS Ratings = Impacts of Preservation Actions on LOS

LOS Rating The improvement will have very little impact in
improving the performance associated with the LOS.

LOS Rating

The improvement will greatly impact the
performance associated with the LOS in a positive
way.



Level of Services (LOS) Score

lity of
Preservation Action Tunnel | Reliability Safety Security | Preservation Q::r:ri):: : Environmental LOS Score
# (20%) (40%) (5%) (18%) (2%)
(15%)
Ventilation upgrade 1 1 5 1 5 1 N/A
to meet NFPA 502
Install new LED lights 1 3 4 2 5 4 5
co Syst.em —Rep.a.lr to 2 2 5 N/A 4 N/A 2
operating condition.
Repajlr ac.tl.ve leak 4 4 5 N/A 5 5 N/A
in ceiling
Remove existing
concrete tunnel 6 4 5 N/A 4 5 N/A
ceiling
Install flood gates 6 4 4 N/A 5 N/A N/A




Level of Service (LOS) Score

LOS Score =

RELIABILITY SAFETY SECURITY PRESERVATION QUALITY OF SERVICE ENVIRONMENT

W R | Wg *Sa |t | W *Se [+| W*P | +|  Wg*Q |+| W*E | /5

For Example, if all ratings are 5's, then
(Wg*5) +(Wg,*5) +(Wg*5) +(Wp*5) +(Wq*5) + (W *5)/5 =
S5(Wp+We,+ W +Wp+Wo+W)/5 =
5(100)/5 = 100

All LOS Scores will be between 0 and 100



Level of Services (LOS) Score

lity of
Preservation Action Tunnel | Reliability Safety Security [ Preservation Q::r:li):: : Environmental
# 20% 40% 5% 18% 2%
(20%) | @0 %) 8% 1 (5% (2%) LOS Score
Ventilation upgrade 1 1 5 1 5 1 N/A 66.0
to meet NFPA 502
Install new LED lights 1 3 4 2 5 4 5 78.0
co Syst.em —Rep.a.lr to 2 2 5 N/A 4 N/A 2 63.2
operating condition.
Repair ac.tl've leak in 4 4 5 N/A 5 5 N/A 9.0
ceiling
Remove existing
concrete tunnel 6 4 5 N/A 4 5 N/A 85.4
ceiling
Install flood gates 6 4 4 N/A 5 N/A N/A 66.0




Cost Effectiveness Score

Agency LOS e s Mg:s(:':e"of
gency Effectiveness Urgency Effectiveness
Impact of .
\—Preservation — Llfecgs);cle = Condition
Action
Remaining
adl Life
Risk of
= Unplanned
Events
| | Regulatory
Reqg'mts




Cost Effectiveness Score

Calculating Costs - Present Value and Annualization

Preservation actions not on the same timescale -
cannot be compared based on PV alone.

* Annualizing all costs allows for the
comparison of very different actions.

» Concept of the time value of money is
incorporated using a discount rate term.
3% is used in examples provided.



Cost Effectiveness Score

Effect of the Number of Users

Urban versus rural area
ADT used

Cost effectiveness of the
preservation action

Annualized life cycle cost per
average daily vehicle

| D C St SW.
#| US Capitol [
The House [*




Cost Effectiveness Score

Annualized Life Cycle Cost
ALCC = C* [(i * (1+D)"]I/[(A+i)-1] -A

C = Capital cost + agency oversight cost ($)

| = Discount Rate, 3%

n = Change in service life resulting from improvement (years)
A = Annual Change in Costs ($; maintenance, energy, etc.)



Cost Effectiveness Score

= R - = ° o
; : g W S55 |Si=23| ¢
o O q O O o 3 L & ] b = (7]
Actio S . = 2 o U € 2AQA70
< 3 : £ & <5~ >| &
<
Ventilation
upgrade to meet $5,700,000/ $570,000 | $(152,500) |$3,614,495 25 40 $207,573 $5.19
NFPA 502
Install new LED
lights $3,400,000| $136,000 $(71,000) ($2,479,699 20 40 $166,675 $4.17
CO System -
R irt
epalr. ° $32,000 $3,200 $0 $35,200 20 100 $2,366 $0.02
operating
condition.
Repair active leak
R $10,000 | $1,000 $0 $11,000 20 19 $739 $0.04
in ceiling
Remove existing
concrete tunnel $8,000,000| $800,000 $(20,000) |$8,285,405 50 75 $56,954 $0.76
ceiling
Install flood gates $8,000,000| $320,000 $0 $8,320,000 100 75 $263,300 $3.51




Cost Effectiveness Score

Cost Effectiveness Score

CE Score = 100/[ALCC/ADT)*F
CE Score = 100, if 100/[(ALCC/ADT)*F]>100

CE = Cost Effectiveness Score

ADT = Average Daily Traffic (no. of vehicles)
ALCC/ADT = Annual Life Cycle Cost/Daily Vehicle
F = Cost Factor, 10



Cost Effectiveness Score
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Ventilation
upgrade to meet $5,700,000/ $570,000 | $(152,500) |$3,614,495 25 40 $207,573 $5.19 1.9
NFPA 502
Install new LED
lights $3,400,000| $136,000 $(71,000) ($2,479,699 20 40 $166,675 $4.17 24
CO System -
Repair t
epanr. ° $32,000 $3,200 $0 $35,200 20 100 $2,366 $0.02 100.0
operating
condition.
Repair active leak
epa.lr ac. |.ve e $10,000 $1,000 $0 $11,000 20 19 $739 $0.04 100.0
in ceiling
Remove existing
concrete tunnel $8,000,000| $800,000 | $(20,000) |$8,285,405 50 75 $56,954 $0.76 2.3
ceiling
Install flood gates $8,000,000| $320,000 $0 $8,320,000 100 75 $263,300 $3.51 2.8




Risk-Based Urgency Score
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Risk-Based Urgency Score

Determination of Risk-Based Urgency Score
* Subjective, by AAMT

» Takes into consideration age, remaining
life, condition, risk of unplanned events,
and PA upgrades needed for code
compliance

Assign a Risk-Based Urgency Rating of 1 to 10.



Risk-Based Urgency Score

Risk of

Regul RB
. . Remaining | Theoretical % Life Condition egu artory Unplanned ,U RBU
Preservation Action . . . Compliance Rating
Life Service Life | Expended (1 to 4) Event Score
Issue? (Y/N) (1 to 10)
(1 to 3)
Ventilation upgrade 1 25 9% 2 3 8
to meet NFPA 502
Instal! new LED 5 20 75 3 1 3
lights
CO System —Repair
to operating 2 20 90 4 1 7
condition.
Repair ac.tl.ve leak in 5 50 90 3 1 7
ceiling
Remove existing
concrete tunnel 0 50 100 3 1 10
ceiling
Install flood gates N/A 100 N/A N/A 3 6




Risk-Based Urgency Score

Assigning RBU Ratings

Risk Factors Urgency RBU Rating

At least one area suggests the need for immediate action. Extreme 10
Multiple areas of consideration are of concern or one area of concern is . 0
. . . High 8
highly probable and would have significant impact on the LOS. .
6

At least one area of consideration is of concern. Medium 5
4

3

No areas of consideration are considered critical. Low 2
1

No indication of urgency. Non-Existent 0




Risk-Based Urgency Score

Regulator e RBU
. . Tunnel | Remaining | Theoretical % Life Condition 9 . y Unplanned . RBU
Preservation Action . . . Compliance Rating
# Life Service Life | Expended (1 to 4) Event Score
Issue? (Y/N) (1 to 10)
(1 to 3)
Ventilation upgrade 1 1 25 9% 2 y 3 8 30
to meet NFPA 502
Instal! new LED 1 5 20 75 3 y 1 3 30
lights
CO System —-Repair
to operating 2 2 20 90 4 Y 1 7 70
condition.
Repair ac.tl.ve leak in 4 5 50 90 3 N 1 7 70
ceiling
Remove existing
concrete tunnel 6 0 50 100 3 N 1 10 100
ceiling
Install flood gates 6 N/A 100 N/A N/A N 3 6 60




Measure of Effectiveness Score

35% + 20% + 45% = 100%
Overall
Cost Risk Based
fosney 08 Bl crioctivones:
Impact of
Preservatlon m Llf?:é:z[de ={ Condition
Action .
Weights for each
| Remaining score assigned by
Lif AAMT
Risk of
= Unplanned
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| | Regulatory
Req'mts




Measure of Effectiveness Score

Risk-B M f Effecti
Preservation Action Tunnel # LOS Score Cost Effectiveness Score isk-Based casure o ectiveness
Urgency Score Score
35% 20% 45% 100%
Ventilation upgrade to
1 1.9
meet NFPA 502 66.0 80 295
Install new LED lights 1 78.0 2.4 30 41.3
co Syst.em —Rep.afr to 2 63.2 100.0 70 73.6
operating condition.
Repair ac.ti.ve leak in 4 89.0 1000 70 82.7
ceiling
Remove existing concrete
o 6 85.4 23 100 75.4
tunnel ceiling
Install flood gates 6 66.0 2.8 60 50.7




Tunnel Asset Management Process
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Planning — Final Prioritization

Factors Affecting Final Agency-Preferred Prioritization:

« Owners may choose “low hanging fruit” as top priority

* Group PA's in one tunnel or regionally to minimize
disruptions

* Group PA’s to be performed in one contract (i.e.
mechanical) at multiple tunnels

« Internal staffing resources availability

* Plan PA in accordance with Capital Plan Budgets



Planning — Final Prioritization

M f
. . Tunnel C?St Urgency eas.ure ° Calculated User Defined
Preservation Action Effectivenes Effectiveness . . ..
# Score Priority Priority
s Score Score
35% 20% 45% 100%
Ventilation upgrade to meet NFPA
i 1 66.0 19 80 59.5
502
Install new LED lights Il 78.0 24 30 413
CO System —Rep.a.lr to operating > 63.2 100.0 70 736
condition.
Repair active leak in ceiling 4 89.0 100.0 70 82.7
Remove eX|st|n.g.concrete tunnel 7 854 23 100 754
ceiling

Install flood gates 6 66.0 2.8 60 50.7




Planning — Final Prioritization

M f
. . Tunnel C?St Urgency eas.ure ° Calculated User Defined
Preservation Action Effectivenes Effectiveness .. ..
# Score Priority Priority
s Score Score
35% 20% 45% 100%
Ventilation upgrade to meet NFPA 1 66.0 19 80 595 4
502
Install new LED lights 1 78.0 24 30 413 6
CO System —Rep.a.lr to operating > 63.2 100.0 70 736 3
condition.
Repair active leak in ceiling 4 89.0 100.0 70 82.7 1
Remove eX|st|n.g.concrete tunnel 3 854 23 100 754 2
ceiling
Install flood gates 6 66.0 2.8 60 50.7 5




Planning — Final Prioritization

Cost M f
. . Tunnel ?s Urgency eas.ure ° Calculated User Defined
Preservation Action Effectivenes Effectiveness . . ..
# Score Priority Priority
s Score Score
35% 20% 45% 100%
Ventilation upgrade to meet NFPA 1 66.0 19 80 595 4 3
502
Install new LED lights 1 78.0 24 30 413 6 5
CO System —Rep.a.lr to operating > 63.2 100.0 70 736 3 2
condition.
Repair active leak in ceiling 4 89.0 100.0 70 82.7 1 1
Remove emstmgconcrete tunnel 3 85.4 23 100 754 2 4
ceiling
Install flood gates 6 66.0 2.8 60 50.7 5 6




Funding Evaluations

Bottom Up

Top Down




Top Down Funding

>

U
Preservation ?er Total Project Cumulative Year
. Tunnel # Defined
Action . Cost ($) Annual Cost ($) Implemented
Priority
Repajlr ac.tl.ve 4 1 11,000 11,000 1
leak in ceiling
CO System -
LS 2 2 35,200 46,200 1
Operating
Condition
Ventilation
upgrade to 1 3 6,270,000 6,316,200 1
meet NFPA
Remove
existing 6 4 1,980,000 1,980,000 2
concrete tunnel
ceiling
InstaII.New LED 1 5 3,740,000 3.740,000 3
Lights
Install flood 6 6 8,320,000 12,060,000 3
gates

Budget for
Year 1=$7 M

Total:
$6,316,200



Bottom Up Funding

>

U
Preservation ?er Total Project Cumulative Year
. Tunnel # Defined
Action . Cost ($) Annual Cost ($) Implemented
Priority
Repajlr ac.tl.ve 4 1 11,000 11,000 1
leak in ceiling
CO System -
LTS 2 2 35,200 46,200 1
Operating
Condition
Ventilation
upgrade to 1 3 6,270,000 6,316,200 1
meet NFPA
Remove
existing 6 4 1,980,000 2,039,400 2
concrete tunnel
ceiling
InstaII. New LED 1 5 3,740,000 3967766 3
Lights
Install flood 6 6 8,320,000 12,794,454 3
gates

Total:
$6,316,200

Budget required for
Year 1=$6.32 M



Communicating the Need

Communicate Needed Funding for Desired Performance

Critical to Safety (Safety Rating = 4 or 5)

$20.8 M
needed to fund
critical safety
improvements
over 3 years

> S$6.3M

Preservation Tunnel Year
f Proj Priori
s " Safety roject Cost ($) riority Implemented
Repair ac'tl've leak in 4 5 11,000 1 1
ceiling
co Syst.em —Rep.a.lr to 5 5 35,200 2 1
operating condition.
Ventilation upgrade to 1 5 6,270,000 3 1
meet NFPA 502
Remove eX|st|n.g- 6 5 1,980,000 4 2
concrete tunnel ceiling
Install new LED lights 1 4 3,740,000 5 3
Install flood gates 6 4 8,800,000 6 3

} $2.0M

S$12.5M

$20.8 M



Communicating the Need

Communicate Needed Funding for Desired Performance
Assets in Severe Condition (Condition = 3 or 4)

Preservation Tunnel . . .. Year
Action 4 Condition Project Cost ($) Priority e
Repair ac.tl.ve leak in 4 3 11,000 1 1
ceiling
co Syst.em -Rep.a.lr to 2 4 35,200 2 1
operating condition. Total'
Ventilation upgrade to 1 5 6,270,000 3 1 $5.8 M

meet NFPA 502

Remove existing 6 3 1980000 4 5
concrete tunnel ceiling T

Install new LED lights 1 3 3,740,000 5 3

Install flood gates 6 N/A 8,800,000 6 3




Tunnel Asset Management Process
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Today’s Participants

e Bruce Johnson, Oregon Depariment of
[ransportation,
Bruce.V.Johnson@odot.state.or.us

 Martha Averso, Gannet Fleming, Inc.,
maverso@gfnet.com

o Jeff Allen, Gannet Fleming, Inc.,
jallen@gfnet.com
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Get Involved with TRB

o Getting Involved is free!

e Join a Standing Committee (http://bit.ly/2]YRIrF6)
— ABE10 (Revenue & Finance)

e Become a Friend of a Committee

(http://bit.ly/ TRBcommittees)

— Networking opportunities

— May provide a path to become a Standing Committee
member

* For more information: www.mytrb.org

— Create your account

— Update your profile

97t TRB Annual Meeting: January 7-11, 2018
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Get involved with NCHRP

e Suggest NCHRP research topics
* Volunteer to serve on NCHRP panels

e Lead pilot projects and other
Implementation efforts at your agency

e For more information:
http://www.trb.org/nchrp/nchrp.aspx
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Take Part In the Careers in Motion
Networking Fair

EVENT HOSTED IN
PARTNERSHIP WITH:

INDUSTRY EMPLOYERS AND
WORKFORCE CHAMPIONS!

Join us at the new Careers in Motion Fair!

The Careers in Motion Fair is a networking event planned to
support expansion of the multi-modal transportation
workforce. The event will provide an opportunity for
prospective employers from a wide range of sectors to meet
You with young to seasoned professionals interested in working

OUNG 5 4 s
PROFESSIONALS in for their organizations.
TRAMNSPORTATION

Center for
Transpartation

Event attendees will be conference registrants whose careers
COM T@ and profess_.ional interes_is span across multiple ‘
transportation-related disciplines. Hiring managers will be
onsite to network and offer career information and advice.
TRB's Young Members Council will coordinate professional
development programming and content.

The Careers in Motion initiative helps serve the mission of
TRB's new Diversity and Inclusion Task Force~to facilitate

sy making diverse and inclusive involvementa core value for
TRANSPORTATION TRB staff, volunteers, contract awardees, projects, and the

ASSOCuToN B P
transportation communities TRB g&rves.
January 7, 2018 | 10:00 a.m. - 2 m.| Table Fee: 1,250

AR

http://bit.ly/CareersinMotionFair
The National Academies of

SCIENCES - ENGINEERING - MEDICINE TRANSPORTATION RESEARCH BOARD
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