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Project Objectives

- Review past ROI studies
- Do not reinvent the wheel
- Learn for strengths and limitations

« Complete an updated ROI study
- Defensible SUE ROI...
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Past SUE ROI Studies

Purdue University Study (2000)

University of Toronto Study (2005)

Pennsylvania (PennState) Study (2007)

Louisiana State University (2021)



Purdue University Study [1]

- Background

« In 1996, FHWA commissioned Purdue University to determine
SUE cost savings

 Study duration: 3+ years (Sept. 1996 — Dec. 1999)
- Final Report January. 2000

« 71 projects were studied
- Four States (Virginia, North Carolina, Texas, and Ohio)
- Nine departments of transportation (DOTSs)

- Project include a mix of interstate, arterial, and collector roads In
urban, suburban, and rural settings

)
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Purdue University Study [2]

Methodology

 |Interviews and Questionnaire:

- DOTs project managers, utility owners, constructors, and
designers

- SUE Cost Savings Types
- Quantifiable

- Indirect cost savings |
« non-measurable and were not included

Infrastructure
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Purdue University Study [3]

Methodology (cont’'d)
List of benefits (21 categories of SUE cost savings)

1.

LNk WDN

12.

Reduction in unforeseen utility conflicts and
relocations;

Reduction in project delays due to utility relocates;
Reduction in claims and change orders;

Reduction in delays due to utility cuts;

Reduction in project contingency fees;

Lower project bids;

Reduction in costs caused by conflict redesign;
Reduction in the cost of project design;

Reduction in travel delays during construction to the
motoring public;

. Improvement in contractor productivity and quality;
. Reduction in-utility companies' cost to repair

damaged facilities;
Minimization of utility customers' loss of service;

13.
14.

15.
16.
17.
18.
19.
20.

21.

Minimization of damage to existing pavements;
Minimization of traffic disruption, increasing DOT public
credibility;

Improvement in working relationships between DOT and
utilities;

Increased efficiency of surveying activities by elimination o
duplicate surveys;

Facilitation of electronic mapping accuracy;

Minimization of the chance of environmental damage;
Inducement of savings in risk management and insurance;
Introduction of the concept of a comprehensive SUE
process;

Reduction in Right-of-Way acquisition costs.

Infrastructure
Ontario
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Table 4. Specific Projects Studied {Continued)
Specific Project - #3: R 2228: 6.049004T. 6.049005T. 6.049006T

Project’s Title:NC 168 from US 158 A Barco to VA State Line Year SUE Program Began: 1991
Project’s Location: __ Currituck CO. State:

Name of Person Completing Questionnaire: _Greg Stevens Phone: _(919) 230-4128
Cost of the Project:  $34 282,892.00 Const Bid Price
Cost of Engineering:
Cost of Right-of-Way:
Cost of Designating: Locating: Total SUE ___$5,995
Description (Summary) of the Project: __Project consisted of 18.5 miles of highway wid&ing,
The project was divided into three sections: BB, A, and BA. Project involved widening from 2
lanes to 5 lanes, with the center lane being the tumning lane. There were paved shoulders along
the length of the project except for curb and gutter sections through Moyock and Sligo

Resident Engineer T. E. Bright Phone

Project Manager (SHAs): __ Design Services Ron Wilkins Phone: (919) 230-4128

Designer/ Consultant: Phone:
SUE Consultant: SoDeep # NCM 3718 Phone:
Contractor: _Barnhill Contracting Corp. Phone:
Utility Co.: Phone:

Cost Items and Factors Time Savings | Cost Savings | User Savings | Risk Mgmt,

|. Reduced the number of utility line relocations $135,000 (1}

$638,400 (1)

. Reduced project delays due to utility relocates | Yes, no 3

. Reduced construction delay due to utility cuts | Yes, no 3

Reduced contractor’s claims & change orders

. Reduced delays caused by conflict redesign

. Reduced accidents & injuries due to line cuts

. Reduced travel delays to the motoring public

=) hanll =t IR IS )

. Reduced loss of service to utility customers

=

. Improved contractor productivity & methods

10. Increased the possibility of reduced bids

|'l. Reduced contingency fees from all parties

12. Reduced the cost of project design

13. Reduced the damage 1o existing pavements

14. Reduced damage to existing site facilities

15. Reduced the cost of needed utility locates

16. Minimized disruption to traffic & emergency

17. Facilitated electronic map accuracy, as- built

18. Minimized chance of environmental damage

19. Induced savings in risk Mgmt., & insurance

20. Introduced concept of comprehensive SUE

21.Right-of-Way acquisition, cosis

Savings Analysis: §773,400/85995 = $129.00

Purdue University Study [5]
Data Example [2]

On section BB SUE was used to designate the existing water line on the entire length of the
section BB part of the project, 3.0 miles. SUE indicated that the majority of line was not in
conflict and could remain as 15 1n the shoulder of the road. The result was that the county utlity
decided to upgrade anyway. This was the result of a wait and see amtitude, since state did not
regquire relocation. So the water line was relocated by the utility. Since the State was in conflict,
the line had to be moved and upgraded to SDR 21, quantifiable SUE savings were not realized.
Some time savings due to reducing utility relocate delays and utility cuts were probably realized.

(1)
ON A, the length of the section was 8.9 miles. Using SUE, it was determined that 4500 feet of

8" PVC water lipe could remain in place, otherwise it would have been removed and relocated.

The cost would have heen:

14,000" of 8" moved, 29.200" of 10™ moved, no savings
Savings = 4,500 feet x $30.00/ feet = $135,000.

(1)

On BA, the length of the section was 6.7 miles. 21.280 feet of 8™ could remain in place,
otherwise it would have been removed.
The cost would have been:

Savings = 21,280 feet x $30/ feet = $638.400.

Subtotal SUE savings £772.400.



Purdue University Study [6]

Results
- 68 of the 71 projects had a positive return on investment
 Total savings of $4.62 for every dollar spent on SUE

State Total SUE Savings Total SUE Costs Savings/Costs
Virginia $2,293,852 $557,259
North Carolina $4,183,432 $631,368

$17,574,000 $4,115,241
$4,230,240 $812,170
$28,281,524 $6,116,040

- METROLINX Infrastructure

Ontario



Purdue University Study [7]

« Limitations
- Difficulty in obtaining historical data
- How to quantify benefits and reductions in risk for projects utilizing SUE?
« Mostly subjective or speculative in nature

Table 4. Specific Proi Studied {Cantimusd

Specific Provect - £2; U230744. §2790502

Project’s Location: __ Catawha CO. from US 7 1-40 State:

Name of Person Completine Ouestionnaire: Phone:

Cosof e Poject__$10.226.411.00 Conaiucion Bid Price Data Example [1]
ost of

(us\ofm'nmr\l-“ -
. ) News Opinion Sports Arts Life Business Driving Healthing The GrowthOp Podcasts ePaper [©

Costof Designating ~Cocwing: | Towl SUE_§20296_
hon (Semmary) of the Froject. Gr.ndmg Paviiig. G Draifsgs = '3 PE— . " =
New Highway consimuction from US 70321 ta 1-40, 0,705 Miles, _ (i) Savings estimates a: 10% of $100.000 = $10.000 ]

rmc:-s Tl T E S o oo Yo SUF Pogare g T Purdue University Study [4] OTTAWA CITIZEN

A considerable number of wilities were Jocated by the uze of SUE, Uil Incations were . .
reduced, project delays due 10 relocation were aveided, along with climirating the possibility of 2&3) A derable amount of underground wtilities at Hickory were located by the use of
Eine cou accidenta, SUE. The water line was thought not 1o be in conflict for construction. But a conflict with the
Residest Bagineer: _A M. Origg______ __Phone: water line was encountered during construction, mostly due 1o a location error made by the .
&Zﬂ:ﬂfiﬁﬂ}:“ﬁum R Wik o G191 0138 municipal utility. SUE was employed to determine the extent of the conflict, the type of pipe @ Local News / Local Business
SUE Consubant: __ SoDeep NCD 2388 e Phone. - ‘__ ma]gr'ut[_ and the :c!ndi[ion of the pipe mal_cnal. Th.: waler [i.ne was [nun_d_!o be too r_-hn.l.iaw 1]
Contractor: ______Taylor & Murphy Consiruction Company Phone: be left in place, which was contrary to the information supplied by the utility In addition, the . °

See Sp — Phome: pipe material was found to be Asbestos Cement (AC), which by NCDOT policy cuu]d not be

i S ad intel on water main leads to

’“ﬂ T User Saviags | Risk Mgme clcarlg. define the extent of the water line replacement. Time savings of 2 d.n)s for reducing
[l T Rediuced the mamber o7 STy Toe Teeocms 'Frg\g_ wtility rel and 2 days for reducing utility cuts are estimated. The delay cost is $2,000 per

- due lo wb iy relecaios | 31000 () Y :
Y Tt comemaeton dele; dov 1o 250y o TE BT day. No major problems with wtility conflicts were during ion. The
T Fieduced comrator’s dlau & char o expected some minor conflicts which was all they found. (: o u r a w a r 0 r c o n o
L]

3. Reduced deiays cawed by coadl

Tedegn
T Fduced sccidenn & mures Gos 1 b ST
[ LR accidean & njuries dus i hice cu 53000 (81 (2) 2 days X $2,000 / day = $4,000 @

373 b Lhe motoring PUETE

= e developer, city prepares to appeal

[T Toeduend convagency fees from all parmer
inced contagency Tees trom all pames * (6) Reduction in accidents was taken to be 0.05% of the project cost.

2. Redaced the cost of projecs denign 53,000 (12)

[T Toeduzed the dummage o exwuns paveme $10,226,411 X 0.0005 = $5,000 (6)*
14 Reducod camage w0 existag sic [aciliics — J illi
on Willing

2. Rediaced e com 0f recded sty iociiss
& Mnimi2es Stnpoon 10 i & eergency
7 Faciifaled eieCtIONE Map JSfuracy, ai- bu

m]Dcf:)gnﬁ:ﬁsﬁ{:gﬁ:ﬁ?&ﬁ?wmnmwm Aug 01,2019 » August1,2019 + 1 minute read - D Join the conversation

3. Manimized chanse of smvronmantal camage
T8, Tnduced svings in rigk Mgwa & injurancs
=0, Introduced concey empeehensve SUL

= LRigai-ol- Wary scawiinen. caisy

Savings analysis: = $26.000 / $20.294 = §1 28

Source: https://bit.ly/33Tzlaa

Infrastructure
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University of Toronto Study [1]

11

Background
Client; Ontario Sewer and Watermain Construction Association

Published in Oct. 2005 (study duration: 12 months)

Considered nine projects

Eight in urban and one in rural settings
All but one were municipal projects

Weslon- M ajor Hormer Hall-REeaman Woeldrick
Ritzson Downtovan Dunlop Street Walsh waler Mackenzie Walsm King Street Strests Foad bypass
Site feature Road Hamilton waler main TN feeder main i erchange wal er main ECONSUICHIOn  Sewer
Selting Urhan Urhan Urban Lrban Urban Fural Urban Lrban Urban
Project Mumicipal Municipal Munici pal Municipal Municipal Highway Munici pal Municipal Municipal
Age of records Wery old Wery old Ol il Mixed e Very old il Faidy mcent
Land use Residential Commercial Fesidential Melli el Ml ixed Cipen, il Commerncial Residential Residert ial
M, of service connec ons Very large Very large Large Large Medium Few Wery large Large Medium
Lhility congestion High Wery high High Hi gh Mediurm Medium Wery high High High
Unknown utilities found M Yes M Yes Yes Yes M M M
Migdentified utilities Tound Yes Yes Yes Yes Yes Yes Yes Yes Yes
SUE performed al percentage Al il o il Al A A o) Al
of design complated
Project cost (CAMNSM) 4.1 MNIA (L5 MY A 10 20 l.5 0.9 1.7
SUE percentage of total 2.3 MN/A | 2 MY A 021125 0125 2.6 1.2 3.5
Mote: NOA, not available
2= METROLINX
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University of Toronto Study [2]
- Methodology

« Survey or interviews with project 3 categories of SUE cost savings:
managers, utility owners, constructors, - Cost saving item
and deS|gners Cost of Information Information Gathering cost
- Proposed cost model incorporating Information verification cost

Savings to Project Costs |Design cost

costs that could be incurred as a result

Utility relocation cost

of not performing SUE

Savings to overall construction cost

Contractor contingency costs

What-if-scenarios were created to

Contractor claims & change order costs

predict the costs that could have been

Construction personnel injury cost

incurred if the SUE investigation had not Publicinjury cost
been carried out. Utility damage cost
_ User Costs Travel delay cost
Cost of not performing SUE = 1GC + IVC + DSC : -
+ URC + OCC + CCC + CCO + CIC Business impact cost
+ PIC + UDC + TDC + BIC + SIC Service interruption cost

+ LRC

Cost of not performing SUE ¢ METROLINX Infrastructure

Ontario

12 ROI =

Cost of SUE investigation



University of Toronto Study [3]

Data and Results

Dunlop Weston- Major Homer Hall-Reaman Weldnck
Ritson Downtown  Street water Walsh water  Mackenzie Watson King Street  Streets Road by-
Cost saving item Road Hamilton main main feeder main  interchange  water main reconstruction pass sewer Total
Utility relocation cost 150000 — 50000 — 10000 — — — 100 000 310000
(URC)
Design cost (DSC) 0000 52000 — — NAE 2000 4000 2000 8 000 77000
Contractor contingency 20000 — — — — — — — — 200000
cost (CCC)
ODverall construction cost — — — 48 800 8000 — — 1000 — 57800
(OCC)
Contractor claims and 10000 230000 — 52000 60000 60 000 75000 30000 — 517000
change order costs
(CCO)
Construction personnel — — — — — — — — — —
mnjury cost (CIC)
Utility damage cost — NAE? — — — — NAE — 15000 15000
(UDC)
Public injury cost (PIC) — — — — — — — — — —
Travel delay cost (TDC) — 50000t — NAE — NAE MNAE — — —
Business impact cost — NAE — NAE — — NAE — — —
(BIC)
Service interruption cost — — — NAE — — NAE — — —
(SIC)
Total savings 189000 282000 50000 100800 T8 000 62 000 79000 33000 123 000 006 800
SUE cost 00 100* 42785 0340 31000 20000 25000 40000 11000 60 000 329225
ROI 2.1 6.59 5.35 3.25 39 248 1.98 3.0 2.05 3.41




University of Toronto Study [4]

Results (cont’'d)

- All 9 projects had a positive return on investment
- Average ROl is $3.41 for every dollar spent on SUE
- Total savings ranged from $2.05 to $6.59 for every dollar spent on SUE

« 51% of cost savings attained through reduction of contractor claim costs
- 31% of cost savings attained through reduction in utility relocation costs
- 18% of cost savings attained through all other cost items

14 - METROLINX Infrastructure

Ontario



University of Toronto Study [4]

- Limitations
- Subjective methodology
 Included factors for which no data or limited data was available
- Difficult to compare different projects

15 - METROLINX Infrastructure

Ontario



PennState Study [1]

- Background
« Study of

1. utility impact ratin 3 for pre-screening of projects for SUE
Investigations, an

2. benefit-cost analysis of SUE for highway projects
« 2006/07 (over 12 months) for PennDOT
- In-depth analysis of SUE projects executed by PennDOT districts

- Detailed benefit-cost analysis performed on 22 SUE projects and
8 non-SUE projects



3 Column 1 Column 2 Column 3
No. Complexity Factors ) )
PennState Study [2] om) (et . Gleh
1 Density of Utilities | 1 O 2a3 (O >3
M eth 0 d 0 I 0 gy [ 1] 2 Type of Utilities O Les 100 S 0 chear
Critical Critical
vea . 3 Pattern of Utilities I parall.el [l| 2 parall‘el O >2 para.llel
Utility Impact Rating Methodolo S . B .
y p g g y 4 Material of Utilities U Rigid [J| Flexible | Brittle
[ ] Q u esti O n n ai re an d Uti I ity I m p aCt FO r m 5 Access to Utilities | Easy D Medium [I| Restricted
. . . . L D Ol > 10 years, |
« Step 1 & 2: Screening processes for possible SUE projects ¢ Ago of Utliten Stoyears |7 cosyenrs | | DY
« Step 3: Utility impact evaluation on projects that passed Steps 1 & 2 to 7 | Estimated Utitty Relocation Coms || <25 |L]| >2,<5% [LH]  >s%
. . Estimated Project Traffic Volume > 1,500,
select appropriate quality levels of SUE 8 (ADT per lanc) Ol <uso0 [ 7 200 [H] > 6000
9 Project Time Sensitivity O Low | Medium |[J High
10 Project Area Description O Rural [J| Suburban |[] Urban
1 11 | Type of Project/Section/Location O Simple Ll Moderate |LJ Complicated
No. QUESTIONS Column 1 Column 2
12 Quality of Utility Record L Geod U Fair O Poor
{ Is there evidence of underground utilities in the project n NO ] YES or Excavation Depth within Highway || 8
) . ) ot o : : - (O] =1 |0 "
area? (based on information from quality levels D&C) Unknown 3] Right °::W"‘y' “f’“dmg =18 <oa =24
asemen
: Does the project require any excavation “regardless of N NO [] YES or 14 | Estimated Businesslmpact |LJ|  Low |[J| Moderate |[J|  High
depth”? Note: This includes any TCE or other easements. Unknown 15 | Estimated Environmental impact |[1|  Low  |[J| Moderate |[J|  High
16 Estimated Safety Impact [ Low Ll Moderate | High
2 No. QUESTIONS Column 1 Column 2 17 | Other Impact Factors (Specify): O Low 0| Moderate | High
1 Depth of project excavation. O <18 |O] =18
— — UIS = {(1 x £ Column 1) + (2 x Z Column 2) + (3 x £ Column 3)} / n
Do you feel that the utility owners in the project area will
2 | beableto ac.commodate }he pmjet{l‘s slclhedule. |n regards |[]| Confident |[J| Doubtful Where, UIS = Utility Impact Score
to showing the location of their utility facilities?
What is the likelihood that project will hav i t N . .
3 a1 The fiketiiood Tat project will fave a mpact of ° O Impact n = Number of the complexity factors considered/checked
the existing utilities? Impact
4 How often }Eavc the utility ol\a-"nell's in the iject area 0 Always (1 Seldom
provided accurate utility information?
17 . Reliability of dcsigncr provid_ing accmte design- O Good |0 Poor 2= METROLINX ‘ @ lcr;:&:erLUCt ure
construction related information.




PennState Study [3]

18

Methodology (cont’d)

- Benefits and costs estimated by conducting
Interviews with Penn DOT, using historical
data, case studies and direct costs of projects

Benefit factors of SUE:

Utility relocation cost

Utility damage cost

Emergency restoration cost

Traffic delay cost

Business impact cost

User service cost

Environmental impact cost
Information gathering and verification cost
Legal and litigation cost

10. Efficient utility design and construction
11. Other utility related costs and benefits

© ©o N o bk wWwDdRE

Equation for BCR of SUE projects:

BSUE

CS UE

(BCR)SUEZ

Where, (BCR)syr = Benefit-cost ratio of SUE projects

Bgur = Estimated benefits of SUE projects

Csue = Actual SUE costs of SUE projects

Equation for BCR of non-SUE projects:

B
(BCR)noN-suE = CNONJ

NON-SUE

Where, (BCR)novsue = Benefit-cost ratio of non-SUE projects

Byon-sug = Actual benefits of quality level A of non-SUE projects

Cvon.sue = Estimated SUE costs of non-SUE projects

- METROLINX Infrastructure

Ontario




PennState Study [4]

Results

- Based on the UIS (utility impact score), the appropriate SUE quality level is
recommended

- The utility impact rating form was computerized and provides a final result of the
UIS (as well as a graphical representation)

| & SUE Utility Impact Rating Form - Final Result (LOJEd [ Complexity Lavei 3) =0,
Graphic Represnotioan of
SUBSURFACE UTILITY ENGINEERING Complexity Levels - SUE Quality Levels - Risk Levels
TABLE 5-1 Utility Impact Score, Complexity Levels, Recommended SUE Quality Levels, e T AL T B e T v n T
Relative Costs, and Project Risk Levels UTILITY IMPACT SCORE. |2 pr—— anr;:ty ‘ =p
Levels .
s = i 1 Levels
Utility Impact Score | 1.0<,<1.4 14<,<1.8 | 1.8<<22 | 22<,<2.6 26<<3.0 Recommended Quality Level [SUE Oually LevelE :
Utility information of quality level B is obtained h# using appropriate
s tha IWouatan of aUsily v D and & 9&%2?%?33239 and
Complexity Levels 1) @ @) “) ®) r i e A S
determined and mapped h'f using quality level B, However, the E] m
. depth of ulilities is not available with quality level B, X
SUE Quality Levels D&C C/B B B/A A '
_ Ttility Tmpact Score |10 < <14|14 = = 18]165 <22[02< < 26265 230 3
Relative Costs 1 6.67 16.67 33.33 66.67 Complexity Loevels o) @ @ @ 5
SUE Quality Levels | D&C o B BiA N D
Project Risk Levels Low (L) Fair (F) Medium (M) | High (H) | Very High (V) Relative Cust Facturs ! A T R 66.67
Risk Levels Tow Far | Medum | Hgh | Very High E]
i PREVIOUS }I Graphic Representation Wew Utility Impact Score | EXIT |
A Infrastructure
19 \% 2X= METROLINX Ontario



‘ SUE % | Saving % Comp
Project No. Project Cost SUE Cost | Cost Saving B/C of Tptal of T‘utal Impact lexity
() (B) Project Project Score
Lo PennState Study [5]
SUE PROJECT (22 Projects)
District 9 — Hollidaysljurg y
SR 0865-002 $3,100,000 $20,000 [ $65,000 325 | 0.65 2.10 1.80 3 R esu ItS (CO nt d)
SR 2014-04M $2,400,000 $34,243 | $165,050 482 | 143 6.88 2.37 4
SR 0022-024 $2,600,000 $50,000 | $265,000 530 | 1.92 10.19 2.50 4
SR 4013-002 $11,600,000 $50,000 | $1,515,000 | 3030 | 0.43 13.06 2.69 5 . .
SR 0036-25M $1,600,000 $44,804 [ $1,515000 | 3381 2.80 94.69 2.81 5 ¢ Ave ra 8e B/C ratio Of S 1 1 . 3 6 estim ated fO r
District 3 - Montourgville .
SR 0061-079 $9,000,000 $66,000 | $1,500,000 | 2272 | 0.73 16.67 2.24 4 tota | p rOJ ects
SR 6006-001/002 | $13,000,000 $141,000 | $4,210,000 | 29.86 | 1.08 32.38 2.44 4
SR 0054-014 $9,000,000 $101,000 | $2,650,000 | 2623 | 1.12 29.44 2.24 4
SR 0015-077 $63,000,000 $141,000 [ $4.500,000 | 3191 | 0.22 7.14 2.94 5
SR 0049-50M $5,200,000 $56,000 | $1,900,000 | 3393 | 1.08 36.54 2.94 5 .
District 6 — King of Pryssia o For SUE prOJECtS:
SR 0202-610 $63,500,000 $240,400 | $975,000 406 | 038 1.54 2.38 4 ;
SR 0202-400 $313,800,000 | $35952 | $200,000 556 | 0.01 0.06 244 | 4 e (Cost savin gs ra nged from SSO’ 000 to S4 5
District 4 — Dunmoge
SR 1012-202 $600,000 $17,000 | $77,000 453 | 283 12.83 2.24 4 mi | | ion
SR 0247-291 $125,000 $24,000 | $83,000 346 | 19.20 66.40 2.00 3
SR 0006-607 $1,100,000 $54,000 | $275,000 500 | 491 25.00 2.24 4 H
RS e B/Cratio ranged from 3.21 to 33.93
SR 0026-C02 $84,100,000 $13,050 | $60,000 460 | 0.02 0.07 2.38 4
SR 2027-A01 $1,900,000 $15,600 | $50,000 321 | 0.82 2.63 1.63 2 ( daverage 13.6 6)
District 5 — Allentown
SR 0145-05S $6,800,000 $24,000 | $100,000 417 | 035 1.47 2.47 4
SR 0061-13S $13,500,000 $38,144 | $170,000 446 | 0.28 1.26 2.41 4
SR 0033-006 $19,700,000 $30,316 | $130,000 429 | 0.15 0.66 2.24 4 _ : .
SR 3012-02B/03B | $2,500,000 $34,716 | $150,000 432 | 139 6.00 2.24 4 * FO rnon S U E p rOJ ects:
SR 0222-001/002 | $216,800,000 $84,803 | $2,600,000 | 30.66 | 0.04 1.20 2.65 5 .
SUE Toml | 5844525.000 | ST316,098 | 523,155,050 * Cost savings ranged from $40,000 to $1.29
NON-SUE PROJECT (8 Hrojects) T
District 9 — Hollidayshurg mi I I Ion
SR 3007-001 $2,000,000 $50,000 | $117,500 235 | 250 5.88 2.50 4 .
SR 1002-HST $1,500,000 $45,000 | $195,000 433 | 3.00 13.00 2.56 5 i B/C ratio ra nged from 2.35 to 8.60 (ave rage
SR 4013-001 $19,600,000 $85,000 | $400,000 471 | 043 2.04 2.81 5
SR 1001-012 $27,000,000 $150,000 | $1,290,000 | 8.60 | 0.56 4.78 2.71 5 5.13 )
District 5 — Allentoyn
SR 4012-DLY $9,600,000 $35,000 | $235,000 671 | 0.36 2.45 2.53 5
SR 1004-01B $1,600,000 $10,000 | $40,000 400 | 0.63 2.50 2.53 5
SR 0078-17M $69,700,000 $40,000 | $130,000 325 | 0.06 0.19 2.29 4
SR 0222-002 $60,400,000 $40,000 | $285,000 7.13 | 0.07 0.47 2.65 5 Infrastructure
Non-SUE Total | $191,400,000 $455,000 | $2,692,500 =X METROLINX ‘ @ Ontario
TOTAL PROJECT (30 Pfojects)
TOTAL | $1,036,325,000 | $1,771,028 | $25,847,550




Louisiana University Study [1]
Background

- Considered 13 projects that were at least 90% complete

- However, only used three (3) projects that had completed SUE
during construction

Py
) A& METROLINX Infrastructure

21 .
Ontario




Louisiana University Study [2]

22

Methodology

- Projects that used QLA and QLB SUE services after encountering utility conflicts
during construction were used to determine the ROI of SUE services in Louisiana

- The ROl is a dollar amount of savings to show how much could have been saved if
SUE was used correctly

ROI = Utility related costs/Cost of performing SUE

where,
Utility-related costs = Actual costs of encountering utilities during construction

Utility-related costs:

1. Utility conflicts and relocation cost 5. Travel delay costs
2. Project delay cost 6. Damage costs
3. Claims and change order costs 7. Information gathering and verification cost

4. Project design costs
2= METROLINX | @ Griic™™"




Louisiana University Study [3]
- Methodology (cont’d)

« Effectiveness of SUE services measured
using Measures of Effectiveness (MOES)

- MOEs were used to compare projects cost
and time/duration

Measure of Effectiveness

Data Item

Computation

Design cost

Project design cost

Total project design cost

Construction cost

Project construction
cost

Total project construction
cost

Construction cost increase

Actual cost

Proposed cost

Actual cost — Proposed
cost

Construction cost percent
increase

Utility-related change
order cost

Actual cost

Proposed cost

Utility-related change
order cost

(Actual cost — Proposed
cost) * 100

Total utility-related change
order cost

Percent of utility related
change order cost

Utility-related change
order cost
Construction cost

(Utility-related change
order cost/Construction
cost) * 100

Construction duration

Actual construction
days

Total actual construction
days

Project delay Actual days Actual days — Proposed
Proposed days days
Percent of project delay Actual days (Actual days — Proposed
Proposed days days)/Proposed days * 100
23 4 ﬂm - METROLINX Infrastructure
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Louisiana University Study [3]

- Methodology (cont’d)

- Projects were classified into two general groups and four categories
- Project groups
« Projects that used SUE
« Projects that did not use SUE

- Project categories

Project Complexity Determination

c S q . Factor Simple Complex
Project Characteristics | Project Size ($ value)
Rural Urban

Project Location

Complex C 2 3 million Average daily traffic

< 6000 = 6000
(ADT) ’
Complex C < 3 million - - > 3% of
Estimated utility s e .
. - locati l < 3% of project costs project
-elocation cos
Simple S 2 3 million relocation cos costs
Slmple S < 3 million Project improvement Shallow excavation DCL‘PI
type excavation
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Louisiana University Study [4]

Results

- $2.73 can be saved for every dollar spent on SUE if SUE is used correctly during
early stages of project

25

SUE %
of
Project No. Construction amount | Year Let SUE QL SUE cost SUE year |construc
tion
amount
013-12-0032 $24,887,297 2006 A $140,442.00 2007 0.56%
817-41-0008 $11,012,063 2009 A&B $58,590.00 2009 0.53%
005-10-0037 $451,215,018.48 2008 A&B $197,944 .81 2010 0.04%
Utility
conflicts Project | Total Utility URC % of
Project # and delay due to | Related Costs | SUE costs | ROI | construction
relocation utilities (URO) cost
cost
013-12-0032]$196,595.18 [ $102,000.00 [ $298,595.18 |$140,442.00| 2.13 1.20%
817-41-0008| $60,021.74 | $93,000.00 [ $153,021.74 | $58,590.00 | 2.61 1.39%
005-10-0037| $624,219.90 [ $8,527.20 | $632,747.10 |$197,944.81 3.2 0.14%
Total $880,836.82 | $203,527.20 | $1,084,364.02 | $396,976.81 2.71‘3 0.22%

P
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Table 6. Summary of t-test results

SUE Control t-test

Measures of
Effectiveness Sa]il]ple Mean Sarr:ple Mean | p-value Significa

Size Size nce
Design cost 8 $305,250 457 $313,137 | 0977 No
Constructio
c;:f " 11 [$57.210616 | 203 |$6.749.694 | 023 | No
Construction 11 |$2,175084 | 203 | $317,483 | 0.1806 | No
cost ncrease
Construction
cost percent 11 0.0358 203 0.0243 0.734 No
increase
Construction 1 837 203 2144 | 00031 | Yes
duration
Project delay 11 10.5455 203 -9.3498 |0.00028 | Yes
Percent of 11 0.0351 203 -0.096 | <0001 | Yes
project delay
Utility related
change order 11 $101,537 92 $30,541 0.2732 No
cost
Percent of utility
related change 11 0.00279 92 0.005 0.5447 No
order cost

600

500

400

300

200

100

Example:

Figure 10. Mean construction duration (SUE vs. control projects)

900
800
700
600
500
400
300
200
100

Figure 11. Mean construction duration by project category

Louisiana University Study [5]

Effectiveness of SUE

Mean construction duration
of SUE projects higher than
that of control projects
t-test results showed
significant difference
between 2 means

Mean construction duration
of C 2 3M significantly
different from that of other
categories



Louisiana University Study [6]

- Limitations

- Limited data (only 3 projects that used SUE were considered in the analysis)
- Data availability — several data was missing or not tracked

- Some SUE projects were missing data, so not all projects were correctly
categorized

- SUE data was obtained by reviewing SUE contracts which had incomplete/uncertain
Information

- “SUE services were applied to larger projects. The construction duration, project
delay and percent of project were significantly higher for SUE projects. All other
MOEs showed no statistical significance. This may have been due to the very small
sample size of SUE projects.”

27
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Conclusions

Existing SUE ROI studies are subjective and speculative

Unsubstantiated assumptions




A New Approach



% M ET R 0 LI N x HOME I[INYOURREGION PROJECTS GETINVOLVED

Eglinton
Crosstown LRT

Cross the City 60% Faster

A midtown connection between east and west Toronto will make the trip easier, thanks tc
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LRT Project Can be Divided into Distinct Components Types

25 Stations

Station Entrances and Exits

19 kms of Track

Transfer stations




LRT Project Cost Components with Potential Utility Conflicts

Stations Above Ground
Below Ground Entrances Existing Entrance
New Entrance
Tracks Above Ground

Below Ground

Underground
Entrance or Exit
(UEE)

Transter Station



Approach

Develop potential Utility conflicts for each component

Project total cost will be sum of
component costs....

With and without conflicts

34



For Each Component

Establish potential utility conflicts

Cost for each utility conflict can be estimated

Using project data and/or expert judgement

Cost multiplier are applied for SUE known vs found during construction (S/m)

Cost per number of conflicts can be determined per unit Component

Data will is needed to validate unit costs...

e S/M for removal and cost over run

35



Return on Investment Analysis

Base cost = no conflicts and perfect SUE

No Sue

What if Scenarios .
Percentage of conflicts per component...

36



Proposed Benefits of this ROl Method

« Component costs can be used for new projects
- Range of ROI can be determined for the quality of SUE performed

« Cost of SUE can be included in ROI.

Questions

37
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