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Introduction

FRA developed this guidance document on capital cost estimftingyoject sponsors and the industry
as part of its continuing efforts to provide technical assistaaue ensuresuccessful project delivery.

F R Aguidance emphasizescuracy, comprehensivenessid completeness oéstimatingmaterials as
well ascredibility. These arall qualities highlighted bthe U.S. Government Accountability Office
(GAQin its owncapital cost estimating guidandavhichdescribes thesameprimary capital cost
estimating methodologies and activities stated in this document

FRA’' s dacusas apeaifieally arilroad projectsit provides exenples ofcommonestimating
shortfallsin railroad projects and it cefines agencygpecific requirements for project sponsors regarding
format and submssionof cost estimaterelated materials.

FRA recognizehat it is notalwayseasy to pesuaces akehol ders and fupdier s of
withstandcriticismfor capital costs thaseem* t o o ahdischédtiles thateem“too long”? The
pressuresassociated wittproject developmenand implementatiorcan be immenseGAO recognized

these pressurewhen it stated “many organizationare not mature enough to acknowledge . . . cost

risk realism because of the possible repercussions [and]. . fear that the prograi
With this in mind FRA guidanceassertghat true or“non-depressed costs can get fundeénd
remindsusttat del i vering pr oj sindustryctedibgity pr omi sed” i ncreas

ByfollowingF R Aguidgance project sponsorshould be better able tcompensatefor uncertainties,
unforeseen conditions, and unknowin capitalcost estimatesSuchshouldimprove estimate reliability,
andenableashbuilt coststo landwithin a reasonable range of the estimates generated at every project
phase With aconsisten estimating approach, project sponsors should be better ablmase useful
comparisons among estiates and toevaluatetheir own estimates

Thisguidance wilbe incorporatedby referenceinto F R ANotices of Funding Availaity/Opportunity
and grantand loanagreementsFRA expectgroject sponsors tadhere tothis guidance, and the
principles ad methods described herein

FRA thanks project sponsors for their efforts to improve the reliability of their capital cost estiarates
reminds them that their track records on capital
decisions on fundig and project advancement.

'U.S. Government A®O GaostrEstimdiing land tAssesgdrierit GuiBest Préct@es for Developing and

Managing Capital Progra@osts, GA@9-3SR Rar. 2009

Note that in this document, “project” is used to mean progr a
]U.S. Government A AQO GastEstimatinglandtAssesrerit GuiBest Practides foDeveloping and

Managing Capital Program Costs, G#EBSE RMar. 2009 Chaper 9, page 81
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Cost Estimating Overview

GAO defines a cost esti mate as “the summati on
and valid data, to estimate the future cosisf a progr am, b as e d Sooonecoult at

say that cosestimating includes these steps:

1 Subdivide the design into basic elements, such as alignment segments or type of component

1 Develop costs, based on similar recent projects or othéd viaformation Adjust for poject age,
duration, complexityandgeography.

1 Totalby category Apply costs for professional services, sponsor managepagitcontingency.

However, ttat would be radically simplifyindné process At the very least,Hreeadditional
considerationsieed to betaken into account.

1 QOONSIDERDSTSIEMMING FROLUTSIDE OF THEYSICADESIGN

The estimate needs to reflect the political and project management congxcluding conditions
associated with the host railroadfunding entities, and stakeholdeorganizations.Also, i needs to
reflect the selected delivery method and market conditions.

2 (OONSIDER TE®SFIMPACTS ORME

The estimate needs to reflect time. Theroject schedule, inflation, financing costs, arie intervals
for release of funding havea tremendous impact on project cost

Cost estimateare built up in direct relation to project phase duratiarwithout a schedulethe project

of
S

managei s unable to access the checks alagdedbteal ances

that is,scope, schedule, and cost.

Even if a fully detailed Critical Path Method (CPM) scheduleaigilable the cost estimatanustreflect
critical path concefs, such as activity durations, dependencies, and ftmatchedule contingency.
Sdedule contingencghould bequantifiedto coverexpected delaysuchas seasonal inclement
weather, and the likelihood of unexpected delaysuch agime neededto repackag and rebid
construction or to acquire permis for differing site conditiongAn overly optimistic schedule sets up a
project for cost overrundecause, like extendinifpe scheduleaccelerating constructioaddslabor and
general conditiongosts.

Other costs that are a function of time include inflatidmance charges, and funding intervals

9 If a project is stopped and restarted, the cost due taaitifin alone can be significant.

9 The entire cost of financing neetisbe included in the projeatost, even though paymésmay
extend br yearsafter project completion

1 Fundingntervals can constrainash flowand, as a resultproject phasing
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3 EXTRAPOLEBEYOND WHAT IS SHGMWNIHE PROJECT DCENIS

To develop a comprehensive, accurate, and di#d estimate, the estimating team needs to
extrapolatet createl a G2 G+ LIA O . dzpiBadly this Ras to KeSdonedfoR: alloOtie
design and projectnanagement decisions are madgéor example, ifanning andPreliminary
Engineering®B, exrapolation is necessary to adequately estimate the costarfstructionlogistics,
includingaccessnto an operating railroad

Consideratiorof project risks i@ssentially ex@polation. Through ask review the estimating team is

able to better consider the range of potential costs associated with project uncertainties. When risks are
acknowledged, and appropriate levels of compensating mitigations and contingencies are factored in,
the credibility, relialdity, and accuracgf the estimate are increased.

Basic Estimating Activities

The followingcost estimatingactivities arerequired for projects receiving FRIiNds. The remainder of
this guidance details and expands upon these activities.

1 PREPARINGHEESTIMATOR®METHODOLOMIEMO

Identify the estimating methodsgo be used, and documerthese methodsni KS 9 a d A Y I (2 NDa
Methodology Mema

This Memo (also called the Basis of Estimaite submittedwith the costestimateto FRA for review.

2 DEVELORGTHEESTIMATE

Employ provenprofessionatlevel quantity and cost estimating methods to develop the estimate.

Use a level of detail that is appropriate for the project phase pmoject desigrdevelopment Use like
for-like historical project cost information, validate it through industry inquiries, and adjust costs for
projectspecific constructiomnd managementonstraints.

At each phase or milestone, consider risks and uncertainties, and incorporajaatdeamounts of
contingency so the estimate will remain relatively unchangedyll adjust to beslightly lower) as the
project moves forwardrom design to construction, and ultimately to revenue operations. Develop the
estimate indollars from a singl base yeafe.g.,2016 Base Yedaollarg. Then, factor in inflation over
time as indicated by the project schedule, to achieve a-gé&xpenditurgYOE) otal Project Cost.

3 PERFORMIGTHEESTIMATEHECKS

Perform estimate checks at each phase or milase.

Based on theechecks, revise the estimate, as needed, and submit tahoriginal and revised
estimateto FRA, along with a description of the changes made.
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Preparinghe EA U A YI 6§ 2 NRa& aSUiK2R2f

¢CKS 9adGAY!l G2NDa (Metd) ks arReasktrdial dadmafit ¥ 2omprised of six sections.

Whether the project igstimatedby oneteam orby multiple teams, this memo helps to ensure that a
consistent, projectide approach is taken, particularly with regard to the estimate stmgcand the
sources and uses of pricinbhis consistency can improve project coordination and completeness

Before starting, consider that avell-developed cost estimatdasthe following characteristics:

C(HARACTERISTICS QEREDEVELOPED COST BN EM

1) Uses aonsistent estimating approach

2) Is lased on a schedulgith all phases

3) Is well documented and traceabl@nd includesassumptions and ground rules)
4) Includes ontingencieqreflecting deterministicand probabilistic riskeview results)
5) Usegustifiable inflation rates

6) Sumsto a Total Project Cost ifOEdollars

7) Includesmanagement reserve if necessary

8) Is ormally approved by the project sponsor

¢KS 9&40GAYE G2NRA nushe Ktaidhzetl & Fobowsa S Y 2

1 INTRODUCTION ARROJECIDESCRIPTION

This sectiormust describe the current project phase, level pfoject development or implementation,
and other information to put the estimaten context. An example

The documents for thaBC Projedre developed to 30% Desigrhisestimate isbased on Reliminary
Engineeringdocumentsthe Fnal Environmental Impact Statemeiasis of Design repomsid project
scheduleThe project will be subject to a risk review workshop. Based on the results of the workshop, the
estimate will be revisd if necessary, so that it beconseseliablestarting point for Final Design.

Next, developthe project descriptionwith the following parts

PROJEADESCRIPTION

1) Project scope

2) Institutional and organizational context

3) Entities performingadministrative/managementprofessional servicesonstruction
4) Project schedulemajor phases, year of anticipatedmpletion

5) Status ofproject sipport and approvals

6) Statws and timing of funding sources

7) Year of Base Year dollaesd

8) Overall costimits, if any

*U.S. DOE Project Definition Rating Index Guide for Constuction Projects, DOE G413132
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2 PROJECTECHNICABASELINE

This sectiormust describe theproject documents and othematerials,and address theiguality and
level of maturity. It mustprovideWeb links to the principle reference documentndinclude a list of
costsourceslt mustcharacterize the interaction between the estimating team and project personnel,
as well as the availability of documents.

3 ESTIMATINMETHODOLOGIES ASIBNDARBDSTCATEGORIES

This sectionmust describethe selected estimating methodologiassedon the contemplated project.
In addition,it mustdescribethe structureof the estimate, including either a fully integrated or matrixed
relationship to theStandard Cost Categorie€SGQE

4 SUPPORTINASSUMPTIONGROUNORULES

This section at a minimum must describethe supporting assumptions and ground rulés this table.
(See dditional information on this in Usingiporting Infamation.)

ASSUMPTIONS AKBROUNORULES

1) Estimate mclusions an@xclusions

2) Methods for inflating historical unit costs
3) Methods for calculating inflation

4) Methods for developing contingencies

5 ESTIMATEIMITATIONS

This sectionmustidentifythe S & G A Y I G S Q &o tiatthe &stinaieis rdoye &redible,
comprehensive, andupportable It mustalso advise specifimvestigationsto be performed toreduce
uncertainties’

Project estimatesan beweakin anticipating the costs of construction, site access, staging, and
sequencing. bfortunately, itis notuncommon for project sponsors to overlook and minimize
uncertainties, and nsjudge risksn these areasThe following table, organized by risk category, provides
examples of risksnany of whichalso represenan optimism bias.

Risk Exampleby Category

REQUIREMENF#SK

1 The host railroad has nget agreed to the project.
1 Unstable soils exist, the geotechnical investigation is incompieésalignment locations
therefore notfinalized but Preliminary Engineering is proceeding.

*Feder al Rai |l r olMahitosnd ProcediursME0Lt iRo sk ‘and Contingency Review,”
https://www.fra.dot.gov/Elib/Details/L16064
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DESIGNRSK

1 Normalproject design development:
o Is this a risk, or should design evolution and the associated cost increases be covers
through base costs and allocated contingency?
o Do the contractassign responsibility for cost ina®es due to design development?

MARKERSK

1 A celay in obtaining resource agency permits delays start of construction.
1 Other construction projects in the area reduce competition and labor availability.
9 Acquiring real estate is takingnger and costingnore than estimated.

QGONSTRUCTIGRBK

9 The host railroadimits work windows to only 4 hours.
1 Inadequate capacity of domestic steel fabricat@auses delain material delivery

6 ESTIMATEHECKS

This section must describe the estimate checks and include proposed dates for submissions.to FRA
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Developinghe Estimate

1 INTRODUCTION

¢CKS ljdzZr tAdGe 2F | O2ad SadAYlIGS RSLISyRa KSIFQAafe
information, assumptionsand the extent to which the team is well grounded in statd-the-art

construction means and methodg.hrough discussions with the project design and management teams,
cost estimators develop an understanding of the project and its conditions, and extrapolate when
information is not yet developed or is limited, to produceauturate, comprehensive, and credible
estimate

Even at the earliest planning stage, an estimate may be organized into typical atypicaialignment
segmentsandprojectwide elements. Typicalignmentsegmentswill sharea construction condition or
relationship to topographyfFor typicablignmentsegmentsthe same composite crosectionapplies,

as does the samaggregated unitost Smple stations and support facilitiemn alsde estimated as
typical elements@mplex interchanges amgtations and cuts, fills, and embankments that vary by site
condition, aretreated individually Elements that extend along the entire project corrigdeuch as
trackwork and signaling systemmmay be estimated orither a projectwide basicor as part of

alignment segmentsThroughout the estimate, a consistent use oftarof measureshould be employed.

Sources of cost information include completeaissenger raénd rail transitrojects Project sponsors
such asAmtrak, states, transportation authoritieandtransitrail agenciescan provide useful asuilt
constructioncost information Costs camlso be obtained directly from hoftight railroads androm
Surface Transportation Boad#cisiondocuments Commercial databases for heavy civil and building
constructioncostscan be valuable referenceand of course lte experienceestimator is likely to have
his or her own database. The Capital Cost Database, destrithed, is another sourceNote that @sts
obtainedfrom all databases should be carefutlynsidered for accuracy and applicability

2 UsSINGFRASTANDARGDSTCATEGORIESHNTIMATING

2.1 SIANDARGDSTCATEGORIE®RMAT
The Standard Cost CategorieSCEare both a structure and a summary for the capital cost estimate.

The SCC formathust be usd for FRAfunded railroad projectsto obtain important consistency ithe
reporting, estimating, and managing of capital co&itien, theSCQGormat is the foundation or
structurefor the actual estimateSometimes however, the actual estimate is struetudifferently, and
the SCC’'s <cat egor i avalkeatotte othér strectuietEgheravayatheeSCC format s
facilitatescomparisons amongstimates and, br an individual project, thconsisterty of the SCC

makes it easier to track, evalte, and control cost changesver time

TheSCC worksheetare availableat https://www.fra.dot.gov/eLib/details/L16055

Boththe FRA MairWorksheetand FRA InflatioWorksheetinclude ten ategorieswith sub-categories
within each Thethird worksheet,FRA SCCGNhat to include Whergorovides direction on which
categories and line items to use for the various project elements.
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The SCC format is also a helgidject management toolTheMain Worksheetfacilitates cost estimate
reasonability checks througts display othe percentagerelationships among cost elements

1 Guideway and track, stations, support facilities, sitework, and systBarh is daulated as a

percentage otonstruction; and

1 Construction, real estate, vehicles, professiomaviges, unallocatedontingency, finance
charges: Each malculated as a percentage of Total Project Cost (TPC).

For complex passenger rail projects, the following percentage rangdaidy typical:

BH.EMENTS PERCENTAGE ©PC
SCC 16850 Construction 60—-75%

SCC 80 Professional Services 20—-35%

SCC 90 Unallocated Contingency | 5—8%

On thelnflationworksheet, Base Year costs dlistributed acrosgime, according tahe project
schedule Inflation rates are designated, multiplied by the base year costs, compounded, and summed
to become a ¥ar-of-Expenditure Total Project Cost. The inflated costsaatematically transferred

back to theMain worksheet.

2.2 BASEYEARDOLLARSNFLATIONYEAROFEXPENDITURBDLLARS

Costs are typically estimated in Base Year dollars associatiéld a single year. When starting an
estimate, it is important to inflate historical unit costs, allowances, and other costs, to a single Base

Yean preferably the current year.Consider an estimate in Base Year dollars as a corgept i s

the project could be planned, designed and built in only 1 year.

“ as

Inflation is a sustained change in the general price of goods and services in amgamrer a period of
time, due to changes iglobal or regionasupply anddemand for labor and material3ypically, general
price levels increase over time, and reduce the buying power of money.

To arrive at a Total Project CastYear-of-Expenditure YOE) dollars, Base Year costs are distributed
over time, according to the project schedule, and then multiplied by inflation factors for the various
elements (or categories), and for the individual years in the schedule.

Note that the manner in which Bad&ear costs are distributed across time has as much and perhaps
more influence on the inflation calculation than does the choice of the inflation factor. To illustrate this,
consider that a dyear project slippage in the advertisement for bids may incréaseonstruction cost

by 3+ percent, all other things being equal

Note alsothat inflation cansometimesd r i ve cost s
construction boom in 2002007that increased the demand for copper, steel, and cemdiis boom
causedprices for these commodities and products to rise dramatically in the United States. Also, recall,
whenconstruction workers flocked to New Orleans after Hurricane Katrina in 2005, the cost for
construction laboquicklyrose in neighbadng regions.

mor e

t han

guantities

Not all project elements experience the same rate of inflation, so a discrete inflatioshatdd be
forecast for each element (track, signaling systems, stations,fetepch year of the project. Refer to
the Inflation worksheein the MP-33 SCC Worksheets atps://www.fra.dot.gov/eLib/details/L16055
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The Inflation Worksheas structuredto allow the application of inflation rates specific to each of the 10
cost categoriesin each project year

Sources of historical rates of inflation are the Bureau of Labor Statistics, ENR Building Cost Index and
Construction Cost Index, and the Association of American Railroads Cost Index. None of these sources
provides projections for th future.

The Consumer Price Index can be a useful reference in projections, but a truly thorough approach to
forecasting inflation for a rail project is to engage the same professional organization that is projecting

i nflation r at e sesandaperaionpandnjamtenaricemststognojechinflation rates

for the project’s construction costs. While not
number of federallyfunded passengenail projects These projections and arketanalysis would

include anassessmenbf expected construction volunsen the regiono identify overheating.

2.3 CAPITACDSTDATABASE

The Capital Cost Database was establishedt® Federal Transit AdministrationrHTA in 2009, to

serve as an abuilt capital cost reference, for use by grantees, consultants, and the U.S. Department
of Transportation (DOT), in particular, FRA and FTA.

The Capital Cost Databasdocated athttps://www.transit.dot.gov/funding/grantprograms/capital
investments/capitalcostdatabase The database is structured around thieu&lard Cost Category
format, that is, itpulls information from the SCC Worksheets, so that littist reconstruction is
required to input projects.

The database isucrently comprised of costs for heavy, light, and commuter rail projects from across the
country. As FRAunded projects are completed, tiveasbuilt costs will be incorporated into the
database, making it even more useful as a reference.

Project Sponsors are encouraged to open the database, and explore the information available there.
Sample ost informationfrom the Capital Cost Database, for illustration purposes only, is shown in this
table:

Capital Cost Databassample

SCC Element Project Qty Unit 2015 Unit
Cost
10.042 Viaduct ChicagdCTABIlue Line | 26,400 LF Guideway| $5,901
Douglas
10.042 Viaduct Miami Dade Metro 108,240 | LF Guideway| $5,441
Heavy Rail
10.061 Cut and Cover, | San Francisco BART Sl 30,242 LF Guideway| $17,399
SoftSoils Exension
50.03 Traction Power | Hiawatha CorridorRT | 122,496 | Track Feet | $290
Supply:
Substations
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3 METHODOLOGIES

The three commonly usecdestimating methodologieganalogy, engineering buildip, and parametric)
aredescribedand comparedn GAQR & O2 a0 Sa asifollows A y3 I dzA RS

The three commonly used methods for estimating costs are analogy, engineeringd ittt

parametric. An analogy uses the cost @imilar program to estimate the new program and adjusts for
differences. The engineering build method develops the cost estimate at the lowest level of the [Work
Breakdown Schedule] WBS, one piece at a time, and the sum of the pieces becomes the g$timat
parametric method relates cost to one or more technical, performance, cost, or program parameters,
using a statistical relationship. Which method to select depends on whergrogram is in itsfecyce

Cost Estimating Methods Compared

Table 11: Three Cost Estimating Methods Compared

Method Strength Weakness Application
Analogy = Requiresfew data = Subjective adjustments = Whenfew data are
= Based on actual data = Accuracy depends on available
= Reasonably quick similarity of items = Rough-order-of-
= Good audit trail = Difficult to assess effect of magnitude estimate
design change » (ross-check
= Blind to cost drivers
Engineering = Easily audited = Requires detailed design = Production estimating
build-up = Sensitive to labor rates = Slow and laborious = Software development
= Tracks vendor quotes = Cumbersome = Negotiations
= Time honored
Parametric = Reasonably quick = |acks detail = Budgetary estimates
= Encourages discipline = Model investment = Design-to-cost trade
= Good audit trail » Cultural barriers studies
= Objective, little bias = Need tounderstand ® Cross-check
= Cost driver visibility model’s behavior = Baseline estimate
= |ncorporates real-world = Costgoal allocations
effects (funding, technical,
risk)

Source: @ 2003, MCR, LLC, "Cost Estimating: The Starting Point of EVM "

3.1 ANALGY ANIPARAMETRIEESTIMATING

Estimating using the Analogy Method involves a comparison between two projddistorical asbuilt
cost information from &peer’ projectis usedo estimate the cost of a contemplated projegYith a
one-to-one comparison, th@roject being estimatedepresensa new combination of all or some
elementsof the other.

The Analogy Method can be developed quickly, at a low cost, and is easily understood. However, this
method relies on one or a few pointg comparison, and often trupeer projects are difficult to find.

®U. S. Government A AQ GastEstimatinglandtAssesrerit GuiBest Practides for Developingdan
Managing Capital Program Costs, G#EBSE RMar. 2009 Chaper 11, pages 10108.
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Estimating using the Parametric Method uses information from many projeds with the Analogy
Method, peer projects need to be investigated so their complexities and details can be taken into
account in the comparis@n

The Parametric Mthod usesparameters from past projects that apply aoproject under development.
Parametes are variables, conditions, characteristics, or measurable fadiws.cost parametersre
technical, physical, and performanbased programmatic elements, such as length of railroad, track,
number of stations, passengers per hoGost parameterare costbased, such as the average per mile
cost for ongrade Class 4 track withballasted base.

Parameters are used in Cost Estimating Relationship (€GidR])ationsA CERIsesone or more
independent variablet estimate a given cost elemenising asimple ratio or a more complex
equation derived from regression analysBelow are examples of the two types of CER,-tmsbst,
and noncostto-cost.

Examples ofCost Estimating Relationships (CER)

Cost-to-cost CER: Non Cost-to-cost CER:

Multiplier: A multiplier of one cost
produces another cost. A cost multiplier
can be used to factor in the difficulty of
constrained construction sites, additional
time to garner public support, limited
work windows, additional labor crew costs
to accelerate construction, and/or loss of
efficiency in progressing the work.
Example: A multiplier of 1.50 x labor costs
yields an overtime rate.

Percentage: A percentage of one cost
produces another cost. Example: Steel on
another project cost $X per ton. Given
market conditions, we estimate that steel
on our project will cost 110% of $X.

Rate: A rate applied to a non-cost element
produces a cost. Examples: The rate applied is
S50 per linear foot; $300M per station; $75
per hour.

Ratio: One element in relation to another or a
group, can yield estimating quantities and
costs. Examples: For every X number of miles
of railroad, X electrical substations costing $X
each are required. For each component X of a
project, X number of labor hours averaging $X
per hour are required to build.

Confidence in the estimate depends on the validifithe relationships. Assumptions and cost sources
must be regularly reevaluated for fit with the new projearameterdrom peerprojectsandthe
contemplated projectare selected from the project technical baseline becausg #ne “cost drivers’
that is,these parametersignificantly affect cdsThe project technical baseline must be sufficiently
developed to make theost driversevident.And the estimating team must make adjustmgntypically
scale adjustmentdpr differencesin design, size gchnology, complety, performance, or operations,
betweenthe set ofpeerprojects andthe contemplatedproject.
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Thelargest variations between thgeerprojects and thecontemplatedproject aretypically foundin
foundationandsubsurface requiremestandcost differences due to location or geographyor
example consider the constructionost differencebetween New York City aBl1 percentabovethe
national averageandLongview TXat 74 percentof the national averageAnotherimportant variationis
the difference between peer project inflation costs and the inflataajustedY OE cost of thproject
under development.

Comparisons with peer projectsust be logical, credible, and acceptable to a reasonable person. For
example, it might be reasaile to compare the historical costs ofl@mile tunnel project with a
proposedl10- or 15-mile tunnel, but it would probably be unreasonable to compare it teraile tunnel,
becauseghe same construction economies of scaanotnot be obtained. The Bstato r ' s
Methodology Memo should descrilibe peerprojects and thescaleadjustments madeo the
parameters.

Cost estimators typically use the Analogy and Parametric Methd@&iming/Concept &sign, when
key characteristics are known, and some technical definition exists. These methods can also be used as
order-of-magnitudecheckso r  “ s a n i t Rrelinsirfary Engisegringy Rinal Design estimade

CERintegral to the Parametric Methqdire key building blocks in all estimating approach&s.an
example, professional servicaee typically estimated as a percentage of construction costaaedlso
evaluated as a percentage ©PC

3.2 ENGINEERINBUILBUPESTIMATING

TheEngineering Builedup EstimatingMethod is based on a project configuration and design that is
advanced enough to allow accurate measurement of materials and quantitidssestimating method
applies unit costsnot to composite crosssections, but to discrete quantities.

Unit costsare appliedto material labor,equipment overhead and fees. Labor unit costs can be based
on crew productivitiesbuilt up fromwagerates, fringebenefits insurancesandtaxes Material and
equipment rental ratesan bebased on quotesr recent projectsandneed to includeappropriate

waste factors, and sales tex

In the Engineering BuHdp Method, estimates for work packages in a Work Breakdown Structure (WBS),
aretotaled to become the bulk of the project estimate.

The WBS is@eliverableoriented hierarchical decomposition of the work to be executed by the
grantee/program team, to accomplish the project objectives and create the required deliverables. The
WBS subdivides the project work into smaller, more manageable pieceskpfwith each descending

level of the WBS representing an increasingly detailed definition of the project work. The planned work
contained within the lowedevel WBS components (work packages) can be scheduled, cost estimated,
monitored, and controlled.

For more information on WBS, refer tgsingSupporting Informationin this guide

In the Engineering Buildp Method, the estimating team can determine what the estimalkees and
does not includépased on a comparison with the project documeritse prinary cost contributors

"Feder al Tr ansi tTA AdettiandiCenstu @att ii @m , Md Fage ment Gi0i del i nes, 2016, "
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should be evidentHowever, the detailed nature of the estimate can give a false sense of certainty and
completenessThe estimating team must extrapolate beyond what is shown in the project documents.
Becauseestimatestypically souce quantities from Building Information Modeling (BIM) models, missing
scope or desigimformation will not be estimatedynless through its experiencehe estimating team
extrapolatesln addition, the estimate must be examined fom optimism bias ithe unit costs,
assumptionsand ground rules-as small errors compounghensummed.

4 EXPECTATIONS HESRIMATING BHASE OMILESTONE

The level of detail in the estimate changes with each phase. The appropriate level of detail is that
which is relevanto the decisions at hand

If a particular level of uncertainty is acceptable in making a decision, the level of detail that provides this

level of uncertainty is acceptable. . . the estimator must have the vision to see beyond the obvious
components. . There may seem to be a conflict between the principles of completeness and level of

detail, but there is none. By level of detail, an engineer describes detail only at the level appropriate to
decisions; but by completeness, the engineer ensures thatsédl are included. Therefore, the proper

level of detail for a conceptual estimate may be a list of only the major items of equipment. Yet, at that

level of detall, the cost of each item must include all construction costs. Similarly, level of detadlggrecl
AYRADGARdzZEf O2dzyGAy3d 2F o0daAf RSNEAQ KIFNRgGIFINB 2N avlt
the estimate in order that it be complete.

Thistable indicates the estimating methods and estimate chebks areappropriate for the varias

phases and milestoneg\dditional information on cost estimating at each phase or milestisne
available in this Section

!Robert Cbst Est@rating Principles’  1wv8.i8carr.com/Papers/Estimating%20Principles/Principles.pdf
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By Phase; Estimating Methods and Checks

Project Phase or Milestone Estimating Methods Estimate Checks
X% Percent—Maturity/Definition

Planning/Concept Design/Alternatives Analysis Primary: Parametric | Estimate review by an
0-15% Maturity and Analogy Estimatin| independent party or FRA
Critical Decisioi: Approval of alternative selection and cost oversight contractor
range. Secondary: Engineerin

Buildup Method Completely independent

cost estimate

Preliminary Engineering (PE) Primary: Engineering | Estimate review by an

15--30% PE Maturity Buildup Method independent party or FRA

30-- 60% Advanced PE Maturity oversight contractor

Critical Decisio2: Approval of project baseline, project scope | Secondary: Parametri

definition, cost ad schedule. and Analogy Methods | Completely independent
cost estimate

Final Design

30-100% Maturity Risk Review

Final Designcomplete plans from which the project can be buill

Bidding 40% Bid Risk “refresh
(If 40% of the value of contract packages have been bid and awarded successfully, an
within budget, this represents a significariduction in Market Risk to the project.)

Construction 20% complete, possibly again at 50%, 75%, 90% complete (oroneyearf Ri sk “r efr esh
pre-revenue testing begins)

Construction Complete, Revenue Operations Asbuilt costs

4.1 SUBMISSIONS RESPONID ANOTICE ORUNDINGAVAILABILITY

Projectd LJ2 Yy & 2 NI sito Q\b! A@tigey éf Bundingpportunity/ Availability (NOB/NOFA must

AyOf dzZRS LINRP2SO0G 02aiG SadGAyYl (GSa xfaprisrprojchphdservasi 2 N &
conducted, the estimate checks performed.

4.2 PR.ANNINECONCEPDESI®

In PManningand ConceptDesign, as alternatives are screened, and as one alternative is seletted,
capital cost isa keyevaluation factor.The following excerpt from a Planning Study/Tier 1 EIS Final
Technical Memonadum describes how capital cos@cheestimated for alternatives:

For the Action Alternatives, the FRA completed more detailed cost analyses for typieadright
way cross sections (typical cross sections), station layouts, trackeafigurations, rolling stock
requirements, and maintenance and operations costs. Cost estimates adiiiesselements,
such as stationelelopment, graderossing eliminations, vehicle and maintenance shop needs,
supporting systems, rigkdf-way acqusition, and costs of linear or ardmsed infrastructure
elements such as tunnel or aerial sections, or embankment or retained fill areas.

The FRA increased the number of typical cross sections to reflect the more detailed analysis of
likely construction@nfigurations along the Representative Route of the Action Alternatives. Cost
estimates were developed for each of the typical cross sections. Cost estimates for linear
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elements are based on applying the appropriate typical cross sections by the estumateiy
(i.e., length) of that typical cross section along the Representative Route. Costs for the various
elements are expressed as epst-unit length for infrastructure.

The FRA developed lurapm cost estimates for discrete items such as statioispad
junctions, shops, and rolling stock purchases. These costs are drawn from standard cost libraries
and derived costs for recently completed similar projécts.

In the project described abovéom thevarious #ernatives a selected alternative wible the subject of
a phasing plan andrefined cost estimatin a Servic®evelopment Plan (SPdividual projects (Tier
2 projectswill flow from the SDPY An exampl e of a Tier 2 project wou

existing rfver crossing.

To be within an ordetf-magnitude of future estimates and the ultimate-bsilt cost PManningPhase
cost estimagés mustinclude contingencies and inflation, based a schedule-when necessaryn a
hypotheticalor contingent schedel. Throughthe schedule, anthe overlay ofnflation costs, dcision
makerscan better evaluatehe costs of delagnd postponement

A Note aboutPlanning Phas&stimates

An accurate project cost estimate is importdat every phase of developmerDuring Planning,
however, when a single preferred alternative is selectad,accuratecost estimate is critical.

At the decision pointthe cost estimate sharpens the debate among alternatives, reduces reliance on
preconceptionsand helps in the evaluation teneits. If the cost dramatically increases, the estimate
becomes the focus of news repodsadt he pr o e ct may beralledangoeumestiant

4.3 PRELIMINARBNGINEERING

After Preliminary EngineeringRB, FRA expects that the project cost, schedule, and scope will not be
significantly modified in subsequent phases. Bt this expectation is met, FRA requires funding
organizations, host railroad, and railroads with operating rights, to commit to the stiffncy of the

cost, scope, ad schedule, through a sigaff on scaled drawings.

The scaled drawings must show the track configuration, signal system, stations, utilities, real estate, the
sequence of construction, including the effect, if any, on tldfic on the railroad, and finally,

construction access points and staging areas for each phase in the construction sequence. Only after PE
level sigroff is complete may Final Design begin. When the project sponsor intends to use the-Design
Build deliverymethod instead of DesigBid-Build, sigroff may occur earlier than full completion of PE.

For more information, se MP 32A Planning and Concept Design and MP 39 PE aanvhF&hle at
https://www.fra.dot.gov/Page/P0708

The sigroff indicates that costs fromany subsequent changesvill be paid for by the entity initiating
the changealso, it indicateshe host railroad s a g r etleema&imdte far it own construction
activities.

°Federa Rai |l r oad NECUture, Fidr IrE&StAppemlix B.06: Capital Costs Technical Memora&ndud®, 2015
page 2.
YFeder al Rai | r oNHEC FRwenTiemliEKSt rNeotvi.o i2,0 1“5 ,1-1Z hapt er 1, pages
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A typical organiz#on for a PE cost estimate is illustratadre:

The cost estimate for the Final SEIS/SEIR uses three levels of cost presentation to provide cost
information results in increasing levels of detéfie first level is the SCC form itself, where the cabt an
contingency for each category are presented. The second level is provided with in the SCC spreadsheet,
where a detailed list of quantities for each category has been provided. Each item listed has its own
guantity, unit price, total cost, and contingerfoy both quantity and unit price. This second level, with

the list of quantities within the SCC spreadsheet, will enable the user to perform a quick review and check
of the data.

The third level is a more detailed calculation of the quantities providdekibackup data where each
item listed in the SCC spreadsheet is broken down into its component parts, with the unit prices that
were derived from different sources The unallocated contingency is calculated at 9.5 percent of the
construction costgjght-of-way, vehicles, and professional service¥ earof-expenditure costs were
based on inflation factors developed in 2013 and are based on the target revenue operations date of
2019+

4.4 HNALDESIGN

DuringFinal Desigri{FD) track structures, civilvorks, signaling, and stationare fully detailed.The
documents prepared for bidding include drawings, specifications, invitation to bid, and the construction
contract. Using th&VBS, theestimateis organized bindividual projects that together make upe

larger projectDiscrete quantitiesare measured from the drawings, and multiplied by unit costs to
produce an estimate for each area.

Quotes should be obtained for specialty and pisemsitive materials. Contractor overhead, indirect
costs, profit, and risk markughould bebased on project duration, and local and regional construction
market conditions.

Final Design costs should reflehe additional design detail in the construction documents, as well as
cost assumption updates that have developed since PE. Using the WBS as a guide, changes from the PE
estimate should be recorded for traceability

5 ESTIMATES WITH ANCHOSTRAILROADS

Forprojects in whichthe railroad will perform some of the construction, the project sponsor should

obtain from the host railroad its cost estimatalesign standards, project plans, specifications, and

schedule.The project sponsanustdevelop its owrestimate of the work, and against this estimate,

crossc hec k t he [|estimatesfor r@asdnabititaVéhetiser the host railroad or the project
sponsor’s contract or -awhddpropprg,ithk llowming teons dhouldbe r ai | r o a
discused and agreedo in writing:

“SAND AC@pital CosMethodology/Estimate Report, 2014, MidCoast Corridgrosemite.epa.gov/, Sectiar.6, 2.10, 3.2.
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Items for discussion and agreement with Host Railroad

9 Mutual understanding of the project scop@d responsibilities of both parties in
accomplishment of the scope

T Host rail road’ s ,fabocationtimesdelivenosechedalefor matdrials, e s
and windows forconstructionduring operationsavai | abi |l ity of r ai
sequencing and phasingndf i t wi t hin the project spon

9 Utility changessite access for material transportation/hdfing/unloading costs and
options real estate acquisitions and impagctse of vehicles, equipment, and facilities,
including leasing or puhasing by the project sponsor.

9 Costs to the host railroaftbr personnel for construction, flaggg, roadway worke
protection, power groundimgy; production rates for crewsand sequencing/flow of
activities; labor rates including overheaghdovertime; changes in labor rates owime;
per diem/travel time guarantees; jokite reporting/work day hourstart times; als for
material, including overheador impact to operationge.g, slowing or diverting trains

9 Coststotheprojedorhnost r ai |l r oad’ s ect commissianpahd adccedi o
the work, and put the project into service; faronstruction dowrtime for passing trains;
for buses that detour passengers to another station when construction limits passenger
access
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PerformingEstimate Checks

1 INTRODUCTION

TheBy Phase, Estimating Methods and Checkable aboveshows important points of change in

project risk,which arepoints to reevaluat the cost estimateT he pr oj e cstt isnpactnosrors’ s E
Methodology Memamustset forthaplan to conduct estimate checks at these poif@scompletion of

the checks, the revesl estimate should be submitted to FRA, with a copy of the checks, and an

explanation of the changes since the last submission.

Note that between milestone pointst is essential to deost planningtrending, andreporting, to

ensurea“ n o s u r fnmating prosesaned & credible estimat&onsiderthe risks reduced through
development of aredible estimate, as shown inthistablen i ch b or r o Waest Bstimatimg GAO’ s
and Assessment Guide

Risk Reduction through Credible Cost Estimates

C(HARACTERISTICEREDIBLEOSTESTIMATES RsSk4REDUCED
1 Clear identification of task Requirements Risk
1 Revision of estimates for significant program changes
91 Availability of valid data including reasonable project schedule
9 Standardized structure for thestimate Requirements Risk
1 Provisioln. for program uncertainties Design Risk
1 Recognition of excluded costs
1 Independent review of estimates
1 Recognition of potential gaps in coverage among contract packages | Market Risk
1 Recognition of market conditions/escalatiefabor/mtl shortages
1 Recognition of inflation
9 Provision for construction uncertainties such as unforeseen site, Design Risk
geotechnical, or weather conditions; labor disputes; funding shortfallg . .
o - ) D ) Construction Risk
1 Provision for difficult construction such as durnagroad operations
(adjacency conditions, night work, and shortened work windows)

All estimate decks mustinclude the following:

1) Verification of project quantities (length of tunnel, square foot area of major structm@sper of
bridges);

2) Parametric cost checks on structures, stations, tunnels, utility relocations, and environmental
mitigations;

3) Checks for internal consistency, coordination, and reflection of current assumpginds;

4) Analysis of contingencies, and momitay of the contingency drawdown.

200f 33



The project sponsor may conduct the reviews with its own staff and consultant teamsnay engage
apeerreviewteamF RA’ s o Vv er s i g kanductareview. Tymically, insheserses, a
sampling method is used, in whisklected representativaspects of the estimate are checkdéthr an
exampleof the sampling methogdrefer to Monitoring Procedure (MB3) for Capital Cost Estimates
https://www.fra.dot.gov/eLib/details/L16055

Thedevelopment of a fullyndependent cost estimate, by individuals having no affiliation with the
project, can beavaluable as point of comparison.A keyrecommendatiorfor large, complex
transportation projects is often to conduah annual, independent cosb-complete estimate to be
used as a primary source oformation for decision making.

Also, asstated earlier, the Parametric and Analogy methods, dnedCapital Cost Database, can
facilitate usefulorder-of-magnitude checks

Finally, arisk review, conducted by FRA with the project spongmyidesan invaluable crossheck on
the scope, schedule, and cost estimate.

Variances between a project sponsor’'s estimate an
a meeting of the estimating teams. Differences should be identified, discrepancies corrected, and an
agreement reached. If agreement cannot be reached, $toald be brought in to hear both sides and

make a decision regarding the cost estimate amount. If the amount decided is larger than the project
sponsor’s estimate, the project sponsor may be re
will be available if needed.

2 RSKREVIEW AS ARSTIMATEHECK

A risk review can be performed at any point in project development, lisitypically done before
completion of Reliminary Engineering.

The risk revievincludesa series of organized exchangasd discussionfietweent he pr oj ect spon
professionalttama nd t he F RA’ s The prgectscape,scheduld, ahd cost are evaluated,

risks are identified and quantified, and decisions are made regarding the management offméslisk

“rfeaesh, done typically during biddiangpreviously constr
completed risk reviews.

Typically, FRA' s oversight gingMdnitodng Pracedursv(M®POt) conduc
for Risk and Contingen®eview available ahttps://www.fra.dot.gov/Page/P0O708All professional
disciplines are engaged attivities b identify, quantify, and mitigate risk, as listadthe table.
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Risk ReviewActivities

RSKREVIEWACTVITIES

Characterize the project
Develop a robust status report. The rest of the review builds on this characterization review
for project cost, scope, schedul e, projecd
management capacity and caipility.

Risk register

Identify risks; document risks, assess them for likelihood of occurrence, and level of potentig
impact.

Strip out contingencies and adjust cost
1) Strip out hidden or latent contingencies in the estimate.

2) Adjust the cost estimatas needed to correct for items brought to light through
preceding actions.

Beta factors

Use the risk register as a reference; det
(shown below) for VBSitems, at each project phase or milestone to indicate amount of
risk presentThe broad nature of the Beta factor helps to reduce the effecpiimism bias.

Develop ranges of cost

Forline items, or elementsrom lower to upper bound, to which a Beta probability
distribution function will be appliedallowing the application of risk across the entire project.

Run the model
Obtain resultsand dh e ¢ k afgari masrtd ™/ “backwar d” pass ev

Identify mitigations

Primary, secondary, tertigr—for risks on the register. Assign mitigatioreasures a cost
val ue and a sunset” dat e, after which

“

Therisk categories arbriefly descrbed:*

1 Requirements Riskvariability of fundamental goals and conditions of a project

1 Design Risk performance and variabilitgf designrelated activities occurring after Alternatives
Analysis

1 Market Risk-procurement of project management, rigof-way, design, construction serviges
materials;

1 Construction Riskvariabilityint he pr oj ect ' sinperfownanceofcarnaators. a n d

YFeder al Rai | r o aahitornd Pnocedure M0 Kiski andrContidgevicy Review
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Graph of Risk Categories
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Contingency arves are developed tstep-downthe amaint needed at milestone points at whieh
significant projectiskis reduced or eliminateds illustratechere:

CGost ContingencystepsDown at Milestones

Total Project Cost $5,000,000,000 | § 5,000,000,000 | § 5,000,000,000 | § 5,000,000,000 | $ 5,000,000,000 | § 5,000,000,000 | $ 5,000,000,000
Phase Prelimin Eng Detailed Design Bid / Market 20% Const 50% Const 80% Const Revenue Service Date
Milestone MS#1 MS#2 MS#3 MS#4 MS#5 MS#6 MS#7
Percent contingency 35% 23% 18% 10% 6% 2% 0.5%
Amount contingency $1,750,000000 | $  1,150,000,000 | § 900,000,000 | 500,000,000 | $ 300,000,000 | $ 100,000,000 | $ 25,000,000
r Minimum )
Milestone ; Buffer Line $2,500 T T
Contingency )
Ref 2 [Min+20%)
Required )
Manage Risks above

MSEL | S 1,750 | $ 2,100 = : ;

£ $2,000 + Green Line i
MsH2 |$ 1,150 | $ 1,380 S
MS#3 $ 900 1080 E Once in Buffer Zone watch for
st S 500($ 600 o o [ = 'trends' drawing down contingency

v 4 i
MISES s 20]s %0 ¥ and work to recover

3
MS#6 S 100 | § 120 e
AE 5 30 % 51,000 -

g T

@

g dary Mitigati

£ S

E w0 L ecor\ ary Mitiga .|o-n

Y] required below Minimum to

replenish Contingency
. \‘
1 2 3 4 5 6 7
Milestone

=¢=Minimum Contingency Required  =H=Buffer Line [Min+20%]

3 (GENERAQUESTIONS TASK

The following are important questions pertaining to the basis @gtimate, cost driversdeviations
from the norm, uncertainties and unknowns.These questionsshoud be asked as part of any estimate
check.

3.1 BASIS OESTIMATE

1 Do project requirements showonsensus among stakeldelrs?Are objectives shared?

1 Aresdid analyses and studies the basis for key project chdaespposed to biasezpre technical
solutionsworked out? Has the design process been too rushed?

1 Has adequate planningime, and costbeen given tdhe following

Third party agreements

Obtaining environmental cleara®s and resource agency permits

Real estate acquisition

Vehicle procurement¢requirements coordination, schedule)

Utility relocatiors (location and condition)

Hazardous materials (location, quantity, and support operations and fagjlities

O O 0O 0O o0 O
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3.2 QOSTDRIVERS

Arethe cost drivers of the proje@vident? Does the cost estimate adequatedflect them?As an
example, consider a station project whose foundation includes sey2&@/foot deep, largediameter
piles.This foundation work is necessarily on the critical path of the schedakis anajorcost driver.

3.3 DEVIATIONS FROM THERM

Where in the cost estimate are there deviations from the ngbased on well selected peer proje@s)
Are these deviations explainable? As an example, if cost from built projects show the average linear
route foot cost of a twin bore tunnel is betwe&X and $1.5X, then a cost of $:&Xuld be a deviation
from the norm, and would warrant investigation.

3.4 UNCERTAINTIES ANMEKNOWNS

The first line of defense against uncertainties is proactive project managerueeative design and
managementthorough invesgations where needed, andétional development of allowances and
contingencies. De f e luidt throumlgpee-planeing ofjossiblescopewadigctions) s

schedule extensions, andservefundsourcest o be call ed on, @aréevenscessary.

that arise seemingly out of the blue.” They

related technical challenges. They can be due to unexpected changes in project support. Earthquakes

and other natural disasters al$gpically fdl into this group.General questions to be asked include:

1 Have uncertainties been identified? Has a strategy been formed to mitigate them?

1 Have investigations been done to determine the scale of various uncertainties?

1 Have other design and managementogts been engaged to minimize the effects of uncertainties?

f Have provisions been made to insure against
been anticipated?

1 Has the project teampre-plannedmeasures to be taken, if necessaigr, example for scope
reductions, shedule extensionggserves or additional fundiryg

4 RAILROAESPECIFIQUESTIONBOASK

The following are questions pertaining to constructability and lead times for railroad projeBtsject
contingency can easily be consumed if these questions are not answeeeeliiminary Engineering.

4.1 OONSTRUCTABILDYRINGRAILROADPERATIONS

On railroad projecthat areclose to or interfacing with an active railroad¢@nstructability review
should be performedThrough questions such #se following, this review helps to ensure that
operational impacts and costs are agreed by all parties.

91 Are the costs of stopping, diverting, or slowing existing trains included?
9 Are the costs and risks assated withline closure windows included?
T Are the costs for t he;wilflaggers angsighats crebeavaildble® c e s

Althoughdaily work windowsf 6 hours or less can usually be accommodatedwtimelows for major
line closures @ usually limited to 48 hours, arnldese aresometimesavailable only once a year. A
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window may be missed becauseprbjectcircumstances or somethirgeyond the control of the

project. Ether way, the cost of missing window can be very high. Considdlthe activities that need

to occur withinal i ne c¢cl osure window, including the railroa
of signals and poweFa projects constructed during passger rail operations, include the cost of

buses to detour passgers around construction.

The constructability review also covers construction staging, sequencing, site access, and site utilities.
During Peliminary Engineerindgor all but thesimplest ofjobs, written agreement on construction

staging is necessary. Complex track reconfiguration under heavy traffic conditaynsvolve

temporary signal work, and modifications to electric traction systems, where they are present.
Questions to ask includée following:

9 Is construction staging, under operating railroad conditions, agreed?

1 Is work site accesmgreed early in the design process? Consider that, among other things, temporary
grade crossings may be required to get from one side of a maitolithes other.

1 Will sufficient commercial electrical powée available?Often poweris rot adequate.Installing a
new higher voltage electric power line along many miles of track can be expensive.

1 Willadequate quantities of spare parts be availaibi@aterials are lost or stolen at the job site.

4.2 LEADIIMES ANKDSTS FOBGNALS ANBPECIATRACK

For projects with tight or integrated time constraintsesearchon lead times for procuremerghould be
completedbefore bidding The time required is often ndtlly appreciateduntil the order is placed and
adelivery time is proposed by the manufacturéwelve to24 monthsis often requiredfor signal
components especiallffor those atcomplex interlockinggConsider the following questions:

1 Does the estima reflect adequate lechtimes for new signal systems, as well asripple effect to
the existingsignalsystem-changes thatnay cascade leveenl and6 miles in either direction from
a new interlocking?

9 Are lead times for procurement of special track work items (double slip switches, crossing diamonds,
andsize ofturnouts) adequate?
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Qupporting Information

1 PROJECTECHNICABASELINE

The project technical baseline describes key system characterisiitsperformance parameterdt

says what the project is supposed to do (the requirements); how, where, and when it will do this
(purpose, technical characteristics, development plan, acquisition strategy and schedule); and, in the
case of railroad projest how the service will operafé.

Helpful technical baseline checklists are included in FRA Monitoring Procedw@ad/Moject Scope
Review, MP32A Planning and Concept Design, and3@RPE and Fwvailable at
https://www.fra.dot.gov/Page/P0708

Althoughthe level of development of each component will vary with the project phase, the project
technical baselinenust include at leagthe following items:

A statement of project goals/objectives includirailroad service objectives

Project narratives

Drawings

Scheduleand

Basis of Desigtncluded are design standards and guidelines for each design discipline, and for the
major systems and structures in the project, relating to performance, appearaafsty, and
maintainability. Some guidelines or parameters are set through assumptions and ground rules

=A =4 =4 4 =4

2 ESTIMATINASSUNMPTONS ANKBROUNORULES

Assumptionst NELINBaSyd + asSd 2F 2dzRIYSy G a . .doandsd onld &G >  LIN
expertjudgments rendered by experienced program and technical personnetd &round rulesare
FINBSR aadl yRFNRa GKIG LINRPGARS FdARFYOS YR YAYAY

2.1 EXAMPLES @%sSUMPTIONS

The bridge foundations are in good structural coimlitand adequate to handle the neleads.

No hazardous or contaminated material is present, except in rail yards and maintenance facilities.
Labor availabilityAdequate, expeienced craft labor is available.

Unit costs assume thigest price procured from th€M/GChrough a competitive bid process.
Existing statenf-the-art construction technology and equipment will be available.

= =4 =4 4 =4

2.2 BEXAMPLES GBROUNORULES

9 Design criteria and construction conditions / methods

BU.sS. Government A AQ GastrEstimdiiahdiAssgssn@iit GuideBest Practides for Developing and
Managing Capital Program Costs, G3EBSR RMar. 2009 Chaper 7, page64.
!4 Ibid, Chapter 9page 79
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0 Track will be designed for an operating speed of X mjth a maxmum horizontal and
vertical curvature of Y, Z.

0 The project will comply with Buy Ameridawill use domestically obtained and produced
materials.

0 Track will be installed using a Rosengvist machine.

0 Turnouts and grade crossing panels willpbefabricated adjacent to the rail line and cut in
during work windows.

o Construction during railroad operations: For installatiometfv passing track construction
will be performedduringdaytime8-hour windows, withworker protection provided by
railroadforces

o Constructiorbetween MP 20 and 2Will be performedaround the clockfor a maximum of
48 hours, during which the railroad will be shut down.

o An allowance of X weather days will be included for each year of the construction contract.
Bidderswill be asked in the bid form to provide a unit cost for each day beyond the number
in the allowance.

9 Costs for labor and equipment

0 Local equipment, rental rates, and current fuel costs are estimated @Quites for specisy

equipment, such as tunnéloring machines, are based on Y.

0 Sales tax of X% has been applied to incorporated materials

o0 Productivity rates are based on rates historically experienced on similar railroad
construction.This is one of th areas easily underestimatedidduction ratesfor railroad
projects aretypically muchlower thanthe rates that can be obtained aron-railroad
projects. This is due in to tight working conditions avatk stoppages for passing trains.
(When estimating productivity ratespasider the availability ahvariability of utility and
railroad outages and track time
State prevailing wage rates are assumed.
Labor rates fodaytime 8hr shifts/night work / overtime / weekend work
Labor rates forailroad force account work, including railroad protection personnel.
Labor rates for third parties working on utilities and railroads
Escalation for specific trades: An adjustment of X percent has been included in labor rates
for concrete and steel woeks because of three other large projects in the same
region/same timeframe.
o Contractor indirect/overheadbonds,nsuranceand contractor profit/risk costs, are V, X, Y,

Z, respectively.

O O O O O

3 PROFESSIONSERVICHDSTS

A useful guidefor estimating professianal service costs was developed through the Transit
Cooperative Research Program (TCRP) in 2010: ReportH&8nating Soft Costs for Major Public
Transportation Fixed Guideway Projedtsavailableat
http://www.tcrponline.org/PDEDocuments/tcrp_rpt 138.pdf

This guide provides basic information about professional services (soft costs), hsawctistsare
estimated, and how project characteristics such as guideway length or project delivery method can drive
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these costs up or dowit includes a professional services cost estimation tool that takes into account
both the characteristics of the project drihe organizational attributes of its sponsor agency.

4 RANGES OBONTRACTOSIBVERHEAD ANBDIRECTOSTS

Indirect costs are costs that are not directly accountable to a cost object (such as a particular project,
facility, function or product)-

Indired costs include administration, personnahd securitycostsSt hes e costs vary with
market conditions and selected delivery methd8elow are typical ranges for overhead and indirect

costs, as a percentage of direct costs for major cornmojects. Thesecostscan beembedded in buiklt

up labor ratessocare should be taken to avoid omitting or dougleuntingthem.

9 General Requirements, General Conditions including Field and Home Office Expenses
including project supervision. Supervisicosts can vary greatly if the project is run on
multiple shifts and includes weekend wodl8 to 23%

9 Insurance not including W&lmwHKY¥%Tr ' s

9 Performance Bond.75 to 1%

Compensation

5 WORKBREAKDOWSCHEDULES

The following are two examples of WorBreakdown Schedules.

Example 1 WBS

Level 1 Level 2 Level 3 Level 4
SCC Element Work Package (Contract Package CP) Management Detail
10-50 Construction Examples: Civil Design drawing
CP1: MP451-496 new railroad Architectural lists, specifications
CP2: MP496-530 rehab existing railroad, add | Structural
sidings Mechanical
CP3: Station at Town at MP470 Electrical
CP4: MP440-550 new signaling system
60 Real Estate Examples: Acquisition Real Estate
ROW CP1: Parcels 1-50 Relocations Acquisition Plan
CP2: Parcels 51-60 Easements and Cost Template
CP3: Parcels 61-63
CP4: Parcels 64-65
70 Vehicles Procurement Contract Design Schedule
Manufacture Drawing Lists
Test
80 Professional Agency staff Civil Staffing Plans
Services Consultants for PE, FD, Design during Const. | Architectural
Project Management Structural
Construction Management Mechanical
Insurance Electrical
Legal Counsel, etc.

5 hitps://en.wikipedia.org/wikilndirect costs
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Example Z2; WBS

Level 1
Should not Funding
change Preliminary Design
throughout the | Environmental process
project Geotechnical
Final Design
3rd Party Agreements
ROW acquisitions
Early Utility Relocations
Main Construction Permits
Procurement
Main Construction (on large projects may expand into major geographic or contract areas)
Start-up and Testing
Pre Revenue Operations
Level 2
Typically Main Construction organized by:
changes as Geographic Area
Contract Design Area
Packaging Plan | Operational Area
matures Major Component
and formulated into Major Contract Works Packages.
Note: Cost estimate also transitions while maintaining SCC traceability.
Level 3
Should not Key advance works (e.g. Major Utility relocations)
change Individual tunnels
throughout the | Individual bridges, Viaducts
project Track
Systems installations
Individual Stations
3rd Party interface projects
Station area improvements
Start up

6 (ODONTINGENCIES

Contingencies address project conditions thate not known, were not anticipated, or were
incompletely defined or omitted for a variety of reasons.

An dlocated contingengtypically coves design evolution and unciinties related to a specific project
element. It may be estimated througthe calculation of specifidsks for a particular element, or it may
be calculated simply as a percage of the cost for the elementdeally, the estimating team takes both
approaches and crosshecks the results.

The wallocated contingency covers unforeseen conditions, particularly during procurement and
construction, and is typically established as a percentage of the Total P@mjett
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Establishing the amount of contingency furidsagroup of projects, oa program of projectss a
difficult judgment callA quantitative risk reviewelps to a@fine contingencies dtoth the project and
program levelsConsider bw much contingencwill covercost overrunswithout making the estimate
unnecessarily high®nsider that many large projects have found themselves without sufficient
contingercy. On the other hand, consideow likelyit is that eachprojectwithin the program will
consume all of its contingency

The contingencies shown inightableshould be consideredilesoft humb or “def aul t
the various phases and milestones. The percentages should be refined by the project sponsor through
the riskreview process.

Cost Contingencies Rules of Thumb

Milestones Allocated Unallocated Total
. : z = :
Completion of Planning/Concept Design (15% Design) 75.35% 10-20% 35.55%
. e :
Completion of PE (30 —60% Design) 20-30% 7.15% 27.45%
Completion of Final Design 5-10% 20-30%
(preparing documents for bidding) Ready to procure / 15-20%
bid construction in DBB
At partially bid:
For work already bid 10%
For work ready to bid 15%
For work not yet ready 25%
Start of Construction 10-15% 3.7% 13-22%
= -
At 20% Construction Complete 7.10% 5% 12-15%
= :
At 50% Construction Complete 5.7% 5.5% 7.10%

6.1 INCREASBONTINGENCORHIFTTHERSK?

Project sponsors shoulévaluatetheir own capacity to manage the project, deal with unforeseen
construction conditions, and manage contingency funds succesgfMilhether the project sponsor
decides to shift the risk of unforeseen conditions to construction contractors, or to retain the risk, the
bid documents must be clear about the assignment of responsibility.

If bid documents are, or a Request for Prop(R&P)is ambiguous the result will likely be bids higher
than expected. Bid documents or an RFP that clearly defines the project, its operational/quality
requirements, and explicitly states how the bids or proposal will be evaluated, generally resiid in
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or proposal that will best meet the needs of the owner. This minimizes the risk of changes, and the cost
associated with those changes, and reduces the amount of contingency needed by the cdfitractor.

6.2 CGONTINGENCY FERBSURFACEONDITIONS

SQubsurfae conditionsare a high risk on nearly every project, and unlethe riskcan beentirely

shifted to the construction contractoralargecontingency iswarrantedl t i s sai d t hat the
owner ownhns the ground, ” me aears thagrisktohgeoteghicabgnditions, s pons
not only for unforeseeronstructionconditions, but also for settlement to structures above or adjacent.

For site utilities, to avoid complications during constructiongegigation during Reliminary

Engineeringnust be done. Even with thorough investigation, #ioGsed contingencys necessary.

6.3 CONTINGENCY FGRNSTRUGONIN ANACTIVERAILROABNVIRONMENT

When construction is done during active railroad operations or in restricted work windows, the

project can be subject to large costs for repeated site access, temporary power, multiple mobilizations
and demobilizations A constructability review performed duringéiminary Engineeringanhelp

prepare for and limit these costbutanallocated contingengis still necessary.

6.4 QGOST ANISCHEDULEONTINGENCIES HRRILESTATE ROWACQUISITION

The risk for real estate acquisition tends to be higher and survive longer than the riskfost other
project elements.The time to acquire real estate is oftenderestimated A year is almost the
minimum; 18 months is considered good; d@hgears is average in some parts of the counDglays
and increased costs are typically due tauaticipatedproperty owner expectationgonstitutional
protections of propety owners lesser known rules regarding relocatiohggher than expected
appraisalsand, market fluctuations of parcel values.

Eminent domain proceedings can be extremely costly, especially when compareddiffehence in

sales pricaypically underiscussion between property owner and the project sponsor g consider

the time required to bring aust to court. Preparation of a real estate acquisition and management,plan
as described i n FRA’'-23 RadlEstatetamhelp tosgt arPorganized dranteveork M P
for acquisitions and relocation@)crease awareness of potential adverse conditions, and suggest
proactive mitigations. Neverthelesan allocated contingency ®ill necessary.

7 UNITQDSTS

Unit costs are costs per a unit ofieasure, such as linear foot, ton, square foaad hour, or per
manufactured item such as arelectrical substation

Unit costs typically includeosts to poduce, storeandinstall elements, components, subcomponents,
and includdixed costsuch agplant and equipmentand variable costsuch as labor and materials

The table below includes examples of unit costs for items wileeaquantity isuncertain.To create
allowances for use during constructioijg format can be used mbid form, in which thebidderinserts
pricing forthe indicated quantities and units.

“reder al Tr ansi tTA Praectiand iCenstu att i om , Md Fa g e me npageBRA.i del i nes, 2016,
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Unit Cost Examples

SCC Description Est Qty Unit Unit Cost Total Cost Source
Code estimate or
price

10.06 | Daily Stand-by time for 20 Day SX $20X State DOT agency
Cut & Cover area database

40.03| Incremental cost for 100,000 Tons SX $100,000X State DOT agency
excavation, exceeding database

700,000 tons
10 | Class 2 aggregate base 5000 cY SX $5,000X Consultant

database

8 EXAMPLES R.LOWANCES ARROVISIONAUMS

Allowances and provisional sums are included in cost estimates to cover elements for which not
enough is known for biddes to set aprice. The following are examplesefor illustration purposes oml

Allowance Examples

Description Est Qty Unit Total Cost
SCC Code
10.07 Removal of below-grade 1 Allowance $X,000,000
obstructions not identified in
Geotech Baseline Report
40.08 Fabrication of Signage, Electronic 1 Allowance
Public Info Displays $X00,000
40.03 Treatment and disposal of 1 Allowance $X00,000
hazardous ground water above
that noted in Geotech Baseline
Report
40 Hazardous material removal in 1 Allowance $X,000,000
train yard

330f 33



