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Erom a reference design to a definea
and baselined project

e Work Breakdown Structure

e Project Organization

e Management Plan

e Cost Estimate and Risk Analysis
e Schedule Development

e Performance Measurement
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Work Breakdown Structure (WBS)

e Break down all of the work required to complete the
project
Include all physical deliverables, subsystems

Include R&D, design, prototyping, fabrication, assembly,
Installation, acceptance testing leading to a deliverable
product

Include administration, system engineering, purchasing,
reporting not directly related to deliverable products

— Break work down to 5-8 levels from top when mature

e Organize work in a way to support delivery of
“products”

e If work will be accomplished through major contracts,

represent them in the WBS
FProfljecct

SElemEG®

Previous Next




©Gary Sanders 2002
Planning for Performance Measuremen t - 20101108

Work Breakdown Structure (WBS)

WBS will structure cost estimating, schedule planning,
tracking of actual costs and progress

It should reflect how you will manage the project
toward its goals

Do not make the common mistake of organizing it to
keep accountants happy, or to reflect geography or
existing organizations

Structure your organization to parallel the WBS

Write a Work Breakdown Structure Dictionary and
maintain it
— For each entry in the WBS Dictionary state:

 What the element is

« And what it is not Praoeaach
Previous SC@E@DDCE@
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Figure 5-3. Work breakdown structure for yard project.

YARD
PROJECT

PREPARE
CLEANUP CUT GRASS TRIMWORK EQUIPMENT

- Pick up trash-15 Mow front—45 Weeds @ trees—-30}- Put gas in

- Bag grass—30 Mow back—30 Edge sidewalk—15 equipment-5
- Hedge - Get out hedge

clippgmgs—15 clipper-5
- Haul to dump—-45

* Fundamentals of Project Management ,
, 2nd ed., 148pp, ISBN:

0814471323, AMACOM, February 2002 Prraolect
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_IGO Work Breakdown Structure

10
LIGO

Facilities Detector | |Project Management
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Advanced LIGO WBS

4.0 Advanced LIGO

4.1 Facility Modifications (FAC)

4.2 Seismic Isolation (SEI)

4.3 Suspensions (SUS)

4.4 Prestabilized Laser (PSL)

4.5 Input Optics (10)

4.6 Core Optics Components (COC)

4.7 Support Optics (SOS)

4.8 Interfer. Sensing & Control (ISC)

4.9 Data Acquisition and Diagnostics (DAQ)
4.10 Support Equipment (SUP)

4.11 Not used

4.12 Computing & Data Analysis (LDAS)
4.13 Installation (INS)

4.14 Project Management (PM)

4.14.1 Project Management
4.14.2 Project Controls
4.14.3 Administration
4.14.4 Document Control
4.14.5 System Engineering
4.14.6 ES&H

4.14.7 Quality

[PrraojEect
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TMITTWBS In graphic form to Level 3

| | 1 | |
TMT.FAC TMT.TEL TMT.INS TMT.DEOPS TMT.PM
Facilities Telescope Instrumentation Operations Design Project Management

TMT.FACMGT | TMT.TELMGT TMT.INS.MGT TMT.DEOPS.MGT ([ TMT.PM.PMO
Management Management Management Management L Project Man. Office

TMT.DEOPS.FAC ) TMT.PM.PS

TMT.FAC.ENC TMT.TEL.SYS ) TMT.INS.AO
Facilities Management | Project Scientist

Enclosure Systems Engineering Adaptive Optics

Infrastructure Structure Instruments Comm. & Info. Services ) \Educ. & Pub. Outreach J

TMT.DEOPS.SCMS | ( TMT.PM.ESH
Site Conditions Mon. Sys

TMT.TEL.OPT
Optics

TMT.FAC.INF TMT.TEL.STR TMT.INS.INST ) TMT.DEOPS.CIS | f TMT.PM.EPO

|__Env. Safety & Health |

TMT.TEL.CONT I TMT.DEOPS.FOMS | (" TMT.PMOQA )

Controls Fac. Operation Man. Sys,) Quality Assurance

O g

TMT.TEL.INT TMT.DEOPS.AV ) f TMT.PM.IT

-
Integration Assembly, Integ., Verif. | |_Information Technology |
_[ )

TMT.DEOPS.OSW | (  TMTPM.SE
Observatory Software |

|__System Engineering |

TMT.PM.BUS
|_ Business Operations

>

>

TMT.PM.OS
Observatory Scientist
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Work Breakdown Structure (WBS)

Detector

Tracker Calorimeter Muon Subsystem Solenoidal Magnet Project Management

— Cryostat — Project Controls

— Electronics — System Engineering
— Subcontracts

— Readout — QA

— ES&H

— Documentation

t Front End Op Amp

— Support Structure

Prraolecht
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Project Organization

Project Director
Project Manager

Tracker Manager Calorimeter Manager Muon Subsystem Manager Magnet Manager Project Management

— Cryostat Task Leader — Project Controls
— Electronics Task Leader — System Engineer
— Subcontract Manager
Readout Engineer — QA Officer
L — ES&H Officer
— Document Librarian

— Support Task Leader

FProfljecct
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GO Organization
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LIGO organization philosophy

e Organization has only three levels
— Tasks - execute specific tasks
— Groups - coordinate related work (subsystem)

— Project Office - integrate and insure progress and
control

e “Product Oriented”

— Middle managers under pressure to deliver a
“product”

e Integration

— Project Management at top level provides

integration and system engineering Proiect
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Project Management’s roles

e Responsible to deliver the Project

e Manage system engineering and Project
cost/schedule/technical progress

e Assure scientific success

o C
o C
o C

nair Technical Board/Change Control Board
nair weekly Project Control Meeting

nair monthly Performance Meeting

e Responsible for interactions with sponsor

e PM should have no individual tasks

(PraolecEct
Previous @@E@m@@



Change Control/Configuration
Vianagement

e Baseline must be documented
e Baseline is fixed and respected
e Changed only by a disciplined process

e Changes proposed formally and reviewed

e Adopted changes must be documented
and communicated

e Change history must be traceable
Remember Boccacchio...

Prraoject
ScilemEe®
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Trechnical/Change Control Board

e Members are leaders of subsystems and
PM, subcontracts, project controls, QA

e Review of all requests for:
— cost changes >$50K
— major milestone changes > 1 month
— technical interface or performance changes

e Recommendation to Project Management
e Reviews all major technical choices

(PraolecEct
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Project Controls Group

Responsible to provide detailed visibility of Project
performance in cost and schedule

Manage review of technical configuration changes
Manage cost estimating and revisions

Manage schedule development and routine and
urgent revisions

Manage performance measurement
Manage formal reporting to sponsor

Manage procurements, industrial contracting and
payment actions

Manage all documentation Project
T SclIecmE®
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Cost Estimate - Basis

Establish detailed Work Breakdown Structure

All estimating to be done “bottom up” by the engineers
and scientists directly responsible for each item

— scientist + engineer

Establish a written Cost Estimating Plan that defines
uniform formats and procedures for all estimators

Each estimated item should have all information
supporting the estimate for that item recorded in a
standard Basis of Estimate worksheet for that item.
The Basis sheet should be signed and dated by the
estimator.

Prraoject
ScilemEe®
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ALMA Work Element Sheet ALMA Work Element # ######
ALMA Work Package #

ACDS # (Obsolete) Example
currency]  $  |(8,Euro, Yen,or PS (Pound Sterling) )
Basis of Estimate]  |EN-Engineering/ Bottom Up/ Parametric;
VQ-Vendor Quote; PO-Place Order; or AC-Actual Cost
Assigned Risk factors Multipliers for Contingency

Technical Risk| 8 |(1,2,3,4,6,8, 10, or 15; see definition) Technical Multiplier | 2 |2or4arevalid)

CostRiskl 10 )(1,2,3,4,6,8, 10, or 15; see definition) Cost Multiplier | 1 |@or2arevalid)
Schedule Risk| 8 (2,4 or 8; see definition) Calc. Contingency: (Estimator may override)

Task Description
(Text for the WBS dictionary))

Chilean Positions
Labor i (Alternative) Likely Labor & Santiago  On-Site
Estimate External Travel Chilean Travel
Name or Position Requirements | Position? Costs
% of time| ,01,0C, (in $K)
Labor Grades
5 Secretarial, administrative aides|
supporttechnicians;
4 Jr engineer or programmer,
mid-level tech, machinist,
post-doc fellows, administrators;
3 Srtech or machinist, mid-level
engineer or programmer, Sr
administrator, staff scientist;

2 Srengineer or programmer, st
scientist

1 Top level managers & scientists|

0
0 (in $K) Labor Distribution
FTi
Materials and Contracts Grade  (years)
Parameterization Units Total Unit |
Material Description required Spares  Units Cost (K) Subtotal

[Employee Count, by Location |
Location ~ FTE's
Santiago 5] 0.0
On-Site (e} 0.0
Other = 0.0

Parametric Variables
64  #ofantennas

# of ACAantennas
# of antenna stations
# of Antwith nutators
# of Ant Transporters
# of IF Bands
IF Bandwidth, GHz
# of Polarization Ch.
# of Correlator Lags
Phase 2 Duration, yrs
Non-recurring cost

Additional Parametric Variables

Previous
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‘GEM COST ESTIMATE SUMMARY 4126/93
GEM DETECTOR SYSTEM B> Dollars

WHS Code Description WBS Level Malerial, k§ ManHours  Labor k M+L k$§ Markup k§ %  Conlingency, k§ % TOTAL, k$

-GEM DETECTOR SYSTEM 00 274,531 3,657,544 167,306 441,837 1% 103,362 23% 551,228
-CENTRAL TRACKER ot 12,168 190,275 9,766 21,954 5,369 27,324
CALORIMETER o1 68,570 1,012,430 37,978 108,548 28,870 135,415
~MUON o1 40,631 891,791 36,819 77,449 20,897 98,347
“MAGNET 01 64,787 348,234 33,232 98,019 21,277 / 125,325
-ELECTRONICS 01 52,619 465971 22,552 75,171 y 17,100 92,272
-COMPUTER & CONTROLS 01 10,390 168,299 5,478 15,869 3,591 19,460
-INTERFACE SYSTEMS ot 21,814 122,305 3,587 25,381 4,433 ,- 29,813
-PROJECT MANAGEMENT ol 3,551 458,239 17,897 21,448 1,825 23,274

[Projeet
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" GEM COST ESTIMATE DETAILS i 04/27/1993

40.03.1.2.3 VESSEL SUPPORT STRUCTURES FAB/ASSY

MATERIAL ” LABOR |rrom1.s

ITEM : QUANTITY COSsT UNIT TOTAL CRAFT/ HOURLY MH/  TOTAL UNIT TOTAL MAT'L+
DESCRIPTION BASIS COST MAT'L,$ TEAM RATE UNIT HOURS COSsT LABOR,$ LABOR,S

goordinatcr Suppt During 3.00 MM BU INSPAD 60 147 441 8,859 26,578 26,578
onst

Weld Inspec Qa Time 0.50 MY BU 97,610 48,805 48,805
VS\.;addies 3041 Ss W/ 8% 262.00 TON BU 4,154 1,088,243 1,088,243
aste
Support Blocks 3041 Ss 80.00 TONS BU 4,154 332,288 332,288
Transportation 20.00 LOADS BU 2,596 51,920 51,920
Plale Section Burning 120.00 SECTION BU 623 74,765 74,765
Web Section Burning 8.00 WLDMNTS BU 1,817 14,538 14,538
Weld Fixluring & 1.00 LS BU 41,636 41,536 41,536
Alignmnet ;
Welding 8.00 WLDMNTS BU 10,384 83,072 83,072
Blasting 16.00 WLDMNTS BU 2,596 41,536 41,536
Rigging 1.00 BU 103,840 103,840 103,840
Hydraulic Jacking System 1.00 BU 207,680 207,680 207,680
Transporier Grease Pads 24.00 BU 8,650 207,597 207,597
1&A On/off Site Inspeclions 2.00 BU INSPAD 60 294 17,719 17,719

SUBTOTAL - 40.03.1.2.3 VESSEL SUPPORT STRUCTURES FAB/ASSY $2,295,819 735 $44,297 $2,340,117
I PRIME CONTRACTOR MARKUP  7.71% $180,373

$2,520,490
CONTINGENCY 22.00% $554,508

COST PLUS CONTINGENCY $3,074,998

COST MATRIX
ENG/DES M&S INSP/ADM | PROC/FAB| ASSBLY | INSTALL

LABOR 44,297
MATERIAL |- 48,805 0] 2,247,015

Technical Risk
TOUCH LABOR = $0 Cost Risk
EDIA LABOR = $44,297 Scheduls Risk

0
0
TOTAL, 3 48,805 44,297| 2,247,015 0
MANHOURS 735 0

ESTIMATOR: G. DEIS/J. BOWERS
DATE OF ESTIMATE: 06/15/92 Paga 74
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Magnet
Basis of Estimate
Item: Vessel Support Structures
Rev: QC By: G. Deis/ ), Bowers

WBS: 40.03.1.2.3
Date: 6/15/92

Element Scope: This element includes all of the hardware required to physically support

the coil, vessel, and muon sector assemblies in the underground hall. This will include the
saddles to support the outer vessel as well as any jacking hardware provided to align the
magnet, to compensate for ground motion, or to move the magnet assemblies. This does not
inciude any concrete structures, such as piers or support beams, which are assumed to be
parts of the hall facility.

Technical design description:

The saddle support structures are low carbon steel weldments consisting of large flat
plate sections. Four saddle weldments are provided to support each vessel assembly,
including the magnet and all internal detectors. Total weight supported by four saddle
supports is conservatively 3000 tons.

It is assumed that all four saddles see equal dead loads and horizontal loads.

All saddles can be hydraulically jacked to transport the vessel system and for alignment.
The jacking system is part of the transporter, and will be capable of lifting the weight of
the vessel system plus the saddles, and have sufficient control to enable pitch, roll and
elevation positioning.

Interface to the building foundation is through shim blocks mounted to the fioor.

Total weight of four saddie support weldments is 121 tons

Two sets of four are required, one set for each vessel.

Inspection/Admin

Basis:

coordinator support during construction
off-site/on-site inspections

DIA ri rvi
Basis: Quality Assurance weld inspection time

Procur ri

Basis: each vessel

raw materials

saddles:

121 tons 304L stainless steel in finished structures
add 8% waste giving 131 tons of raw material

mill rate = $2.00/ b vielding $524K

support blocks:

40 tons 304L stainless steel in finished structures
mill rate = $2.00/ Ib vyielding $160k

Previous

weld material cost is included in welding cost

transportation $2500/load x 10 loads = $25k

plate section burning 0.5 days/ section, $600/ section x 60 sections = $36k
machine base plate 2 days/ weldment x 4 weldments = 8 days = §7k
weld fixturing and alignment $20k

welding $10k per weldment x 4 weldments = $40k

blasting $2.5k per weldment x 8 weldments = $20k

rigging $50k

total cost per vessel= $882k

total cost for two vessels = $1764k

Cost of hydraulic jacking system $200k

Cost of 24 transporter grease pads $200k

1

Instaliation

Material ($k): Q
Basis: : '
This is covered in WBS 40.02.9.2.1, 40.04.1.1 - Magnet Installation

Unit type: ea Number of units: 2

Estimate Type: BU

Risk Factors: : :
Technical: 2. Basis: Fabrication techniques are standard. Simple shapes and

interfaces. Loose tolerances. Common materials. :
Basis: Vendor quotes on hydraulics and bottom up construction
factors for structural assemblies. Mill costs for steel will vary
based on the state of the national economy at the time of
construction. :

Basis: If built in sections off site, will have minimal inpact on
vessel installation schedule.

Cost: 4

Schedule:

Misc Comments:

Current assumptions of floor movement vary up to 15 cm up and down.

Prraoject
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TMT.TEL.OPT.M1.55A. WARP - Segment Warping Harmess
FAB - Fabrication Seart- Mar 2009 End- Dec 2005
Responsible Estimator: Ben Flatt Estimare Dare: 8282006
Estimators: Larry Stepp, RJ Ponchions
'WEBS/Subphage Dicilonany
The wangl nr:ul'a"hem nciuce: al macharizms, acive components and cabing needsd io apply forces 1o an iIndvidual prirmary mimor sagment [TMT.TEL.OFT.MH.EEG W) & |

& warping hamess s an intagral part of & Sagment Support Assembly [TMT.TEL.OFT.M1.E8A) It does not Include any sxismal measurement device
rires commands by fhe warping hamess Miotes The cost of the coningl elacronics s covensd In TMT.TEL COMT.M1CS.

WBS/Subphase Descripiion
The wanping harness will Induce moments e the whiffelez to comedt mimer surface emors. This will be done wsing 98 beam springs that wil be afached o the center of |

whifiefree pigtes at one end and fhe ofher wlll be bent by @ screw and nut driven By & stepper mofor.
Labor
|7 conirct moniioving iabor [s Inciuged in TWT TEL CET G T. |
Honlabar

The oo™ ane 17 COSS 90 Manifaciune 3l e COMPOREnts N N8 Raping Narn=sses Rave Daen acgulad Tom CAINoD PACES And Orect wanoor QUOeS whanEver possibe.
Juanifes Inciude spprTemataly 156 CONSTUCton Spanes.

Labor oot for assamhing 1 CINNetor on e motor and STain Jape winss |s ssamalss ot 4 minuas aach, st $55 par kowr Incuding confract fies

The wiring from the comnecior o e coringl elecnonics is Incheded In TMT.TEL.CONT.MICS.

Cost of shipoing the warping amesses to e assembly localion are kduded iIn TWT.TEL OFT M1

Iami oty Typs StartDate End Date
ABsambly labar for electical connectors EE Mar2003 Dec2003
Beam Spring WQ  Mar2003  Dec 2009
Drive Screw WQ Mar20d  Dec 2009
Elecincal Connacior Mar2009  Dec 2009
highar Mounk Mar2003  Dec2009
Kt Mar200d  Dec2009
Slepper Malor Mar200d  Dec2009
Sirain Gauge Mar2o0e  Dec 2009
Thrust Baaring Mar2009  Dec 2009
Wiring Mar 2009 Dec 2009

Unlt Cost  Monlabor Cost
e 59,010
8.7 3729.838
$20,056
3257
47100
£31.400
§113.535
$53. 21D
$24 457
s032 F14 444
Diract Honlabor: $551.105
Burdena: 3,694
Honlabor Sublotal: 4554799

EREEEEEEER|E

Trawal
it Iz ewpecied That during the course of production fwg wencor visks wil need o e made. Cumendy ol werdors under consideration ans ocaled In kodh Amernca, however
gaver Corst overseas vendors may be found in the fubne.

Destination Duration StartDats EndDafe  #of Trips § par Trip Travel Cost
Comiinental LLE., Canada, and Mexiz Shor - (2 days) War 2003  Dec 20 2 3 1,862
Todal Tripa: 2 Diract Travel: 1,662

Bundena: 10

Travel Subtatal: £1.678

Contingency
Factor % Basls of Esfimats
Technical B8 % Falrly stralghforsard design using common componenis. Frimanly corcem ks whether componerks of the gualty
2co=piatie perfosmance.
Cost % AiOSt COMpOnEnts quolsd by VEndor or Cataing prced

Schedula 1% fdust D instaled bedore pegments can be mounbed on e el

Oreaaride

TOTAL e
Comments

Scoping Options
Triz echirate Iz for an 12-ach.ator-per-zepmert sysiem posskbls to descope o 95 aciualors per segment with some loss In performanc may also be posshbie o

slimirate the stain gauges and dozs e confrol loop wih the surface fgure measurement siore. Thiz would provide less Imomeation curing adfustents and may reduce
peromance.

WES/Phass |  Diract Cost: §552.773 - Benents: 50 + Burdena: 5375 = Budgatad Cost 5536,473
551"'"‘“3 Ccontingancy: 7E, @ 30.0%
ummary TOTAL: 775,471

Priced Estimating Dara Report TMT.BLUS.CST.06.0T4. RELOY Monday, Seprember 11, 2006
T T Program Confidemnia! Daca Page 26 of 318
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TMT.INS ADAQS.INT - Adaptive Optics Sequencer Integration and Test .

INT - Integration and Tesr Seart: May 2013 End: Jul 215 THT
Responsible Eszimator: Brent Eleroroek Estimare Daze- 8/5/2008 IR T WGP
Estimators: Connne Boyer

WES/Subphage Dictlonary

This INCUDES The SCCEpGANcE best of ne s2quencer wiln smumed AD syshems and smuiated instromenis anc the Instalalion and test of T ACE & the obsanalory wih e |
AD sub-gystems and the rest of the coseratory systems.

‘WBSiSubphasse Descripiion

The Acapive Opics Seguencer Inchades the compuler and so%ware recessary o coondinate all of the AD sub-zysiems and fo sequerce the AD inlzrmal fazks. In parficular,

fhe AD Sequencer corkrols e aciions of the Lazer Guide Star Ity System (LGSF], AWM, NFIRACE, Prime Foous Source Simulator (FFES), GLAC, MIRAD, MOAD and

ExAD, The AD Seguencer alzo confrols the waeefront sensors of the NFIRACS Imsfruments and the wavefrort senzing components of eeing Imitsd nsumenks. This

sysiam does not condrol the inshuments themesetves (e, IRES, WFCE, &ic)

Dor

Mgsermbie SEQFRFQFPEFR with CTRL and spare - &7 SW Eng {25 days)

Acceptance tesfing - Sr W Eng (25 days), Fost Doc (S days)
Fack CTRL and zpare — Sr&W Eng — 3 days (2 days per s 2 systems, 2 destinafons per sysiem)
Test with NFIRACS — & SW Eng — €0 days {1 day per command|

Test with LGEF —- Er SW Eng — 30 days (1 day per command]

Tofal £43 days (2r3W Eng) and £ days (Post Doc)

Qg Lips SfaqDate ZndOole Hows EIE S0 LaporCoel

Postoochoral Scholar General EE Maya2 Jul iz 40 Discrete  S23.8% 1,156
Senlor Software Engineer EE Maya12 Jul20E 1,164 Disorete 25044 82217
Total Hours: 1,224 Diract Labor: $23.373

Banefts: $21.877

Burdeng: $26.02¢

Labor Subtodal: $131.015

Honlabor

The ADS and ks spare must be shipped o the LOSF and NFIRAZS vencors for nlegrafior. Upon completion of his tazk, the spere wil refurn to the TMT Peoject Cifce, an
fhe ACS will e shipped to the siie. Estimate for the costof shipping o the sik= was proviced by Clark Enterire of NOAD. Esfimales for the cost of shipping fo the LOSF ant
WFISACE Wendors wens oofained onlne via the FadSx wetehs

JLEE Lipa SfafDate ZnoDats Molicost  Eoniabor Cogl
Comestic Snipping of Tz ACS o NFIRADS Wendor CP Dec20id Mar 3015 1. 5200.00 3200
Comestic Snipping of e ACS to the LESF Vendor CP Dec20id  Mar 2015 i $65.00 3136
Ske Shipping of the ADS W Decz0id Mar 3015 1. 546200
Diract Honlabar:
Burdens:
Monlabor Subtotal:

Travsl
[ Foer extenced comessc irps wil be requisd In Imegrats the ADS Wit e NFIRACS and LGSF systems. f their nespectie wendors, 2 igs i £a0h iocason
EglTnne iparop Liel Cogl
4 §9.455 $37,820

Buration ailli]

Coniinental LS., Canada, and Mexic. Extenged - (40 days) Dec 2014  Mar 2015
Todal Trips: 4 Dilract Trawvel: $37.820

Burdena: s23e

Travel Subhotal: $35.056

Contingsncy
Factor % Basls of Esfimats

Technilcal ] % nizgration of the components does nck neoresert any major dfficulty

Cost ] 1% Testing &t the NFIRADE and LGEF vendor facllty will deperd on the readiness of NFIRACEISIE and LGEF

Scheduls 1% Ceetay In compie2on Impacts the next phase and abthe end could impact the LEEF inlsgration

OveITide

TOTAL 2%
Comments

scoping Opticns

WET/Fhase | Diract Coat: 5121331 - Beneflts: 571,577 - Burdeng: 525,267 = Budgated Cost 5152935
Eztimaba Contingancy: §37,386
Eummnary TOTAL: $207.320

Priced Estimaring Data Report TMT.BUS CST.06.0TARELIH Monday, Seprember 11, 2006
TMT Program Confidential Daca Page 239 of 18
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Cost Estimate - Base currency year

All estimates to be performed in the currency for
the year in which the estimate is made, as if the
work is performed or contract placed in the
current year

Define a standard table of currency inflation for
all years in which the project is to be executed

Old industrial price quotations should be
corrected for inflation up to the current year if a
new estimate is not obtained from industry

(PraolecEct
Previous @@E@m@@
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ALTERNATIVE PRICE MEASURES
FISCAL YEAR OVER FISCAL YEAR PERCENT CHANGE

Fiscal

GDP Price
Index
(Chain-type
Weights) (1)

CPI-W (2)

State and
Local
Expenditure
Index (3)

Federal Non-
Defense Non-
Pay Expenditure
Index (3)

Federal Non-
Defense Non-
Resid. Structure
Construction (4)

Private
Construction
Non-Resid.
Structures (3)

2.8
3.2
2.6
2.3
2.1
21
21
2.2
2.2
2.2
2.2
2.2

7.0
7.3
4.7
4.3
4.2
4.2
4.2
4.3
4.3
4.3
4.3
4.3

1. The Budget Enforcement Act of 1997 requires the use of the GDP chain-type price index for adjustment
of the nonpay portion of discretionary accounts for baseline (current services) estimates. The estimates
for this purpose are shown on p. 3 of this package.

Previous
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Cost Estimate - Source of estimate

e Clearly identify the type of the source of the
estimate
— Engineering Estimate (EE) - least reliable
Vendor Quotation (VQ) - better, but likely to increase
Placed Order (PO) - even better
Actual Costs (AC) - best
Other methods include Parametric, Trends, Specific
Analogy
e For every material subsystem, work to increase
the fraction of the estimate based upon industrial
vendor quotations

Prraoject
ScilemEe®
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Fraction ofi Estimate in Bases Categories

®  Millions

-
L
>
<
o
-

» Base-year dollars
 Labor includes benefits & burdens
* Burdens included in other numbers Nonlabor

 Contingency not included @T@D@@ﬂ
Previous g%@ﬁ@[ﬂ:l@@
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Cost Estimate - Roll up

e Structure estimate so that all costs for a
component can be “rolled up” and costs
for the subsystem including the
component can be “rolled up” and costs
for the entire system can be...

— This creates a framework for tracking actual
costs during the project execution

Prraoject
ScilemEe®
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Cost Estimate - Labor rates

Define all generic labor categories for labor
charged to the Project (manager, engineer,
scientist, technician, secretary, construction
worker,...)

— Use appropriate level of detail for maturity of Project

Establish a standard labor rate for each category
based upon market survey in base currency year

Use labor “crew” mixes if appropriate for an
operation

Replace standardized rates with specific rates
only when actual labor source is certain

Consider vacation/sick time factors

Prraoject
ScilemEe®
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Resource Input Code Salary Grade
Technical Functions:

Post Doc N/A
Information Tech. Specialist
Design Draftsman
Technician
Scientific Analyst
Assistant Scientist*
Associate Scientist
Senior Scientist
Lead Scientist*
Assistant Engineer*
Associate Engineer
Senior Engineer
Lead Engineer*
Associate Software Engineer
Senior Software Engineer
Lead Software Engineer* 45

Business Functions:
Administrative | 41
Administrative || 42
Associate Accountant 41
Senior Accountant 42
Lead Accountant 43
Associate Financial Analyst 42
Senior Financial Analyst 43
Lead Financial Analyst 44
Associate Project Controls 42
Senior Project Controls 43
Associate Property Specialist 41
Senior Contracts Specialist 42
Lead Contracts Specialist 43
Human Resources 43
Senior Human Resources 44
Business Manager 42
Business Department Head 46
Management Functions:

ou 44
p Leader

—

0
1
5

42
42
A

43
4

42
43
44
42
43
44
4

43
44

Q.
=
D
%]
®©
=
O
-
]
D
Q
1)
=

;
Facilities Department Head
Department Head
Observatory Scientist
Project Scientist
Deputy Project Manager

Project Manager
* - Resources not used in TMT Construction Estimate for September @F@D@@E

2006 Cost Review.

Previous Next S@E@DD@@

45
45
45
45
47
46
47
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Cost Estimate - Labor rates

e Do estimate in man-hours and apply rates later!

e In mass production operations, include the
“learning curve” factor

e In mass production operations, consider “crew”
guality and trade off cost for productivity

Prraoject
ScilemEe®
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-

&) LIGO II CostBook Activity Sheet Summary for a WBS - Microsoft Internet Explorer 0606
File Edit View Favorites Tools Help -."

i
eﬁack - &7 |ﬂ @ _h ’,.__j Search ‘HE::(’ Favorites @Media ﬁ‘j [_1:* j = _J

Ta

Address @hl htn:u:ffadmdl:usrv.lign.calten:h.E|:Iu,."u:n:usﬂ:u:u:uk,."repu:urt_md:usﬂummary.htf?rtype='n'hs&callingfurm=sum&-n-hs:q.! G0 Links **

CostBook Activity Sheet Summary
for WBS Number LIGD.4.06.4.1 —- Pathfinder
(Amounts Include Staff Benefits, GRA Benefits, and Indirect Cost)

WBSHNo: LIGO.4.06.4.1 - Pathfinder
COF40641A - EST: Pathfinder SPF $490,276.25
COF406418 - EST: Pathfinder LPF $833,015.50

WBS Total: $1,323,291.75

Report Total: $1,323,291.75
Report Contingency at 63.40%: $839,007.79
Total Plus Contingency: $2,162,299.54

ﬂ Internet
I | QJULDKDL_E

Previous $@E@m@®
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@ LIGO II Costbook Activity Sheet Detail - Microsoft Internet Explorer

File Edit View Favorites Tools Help

@Back - _/l \ﬂ @ :\] /.__\J Search ‘E;:(Favnrites @Media E} TR :__; - _J

Address féj http:ffadmdbsrv.ligo. caltech.edufcostbook report_sheetDetail.htfsheet=COF40641A&wbsstring=LIG0.4.06.4, 1%:2APathfinder &rtype =wbs&callingform=sum m Go Links **

Costbook Activity Sheet Detail

WBSHo:LIG(C.4.06.4.1 - Pathfinder
Activity:COF40641A - EST: Pathfinder SPF
Duration:365 days
Estimator:G. Billingsley on 05/02/2001

Cost Cost
Category Resource Description Comments or Vendor Basis Cost Code Quantity nit Cost  Item Amount

Labor ER Engineer EE  12-40641-14 CP 507 §45.00 $225815.00
Labor oT Other EE  12-40641-14 CP 178 $50.00 $8,950.00
Labor 5C Scientist EE  12-40641-14 CP 108 $40.00 54 320.00
Equip. Dz Small Pathfinder blank cost- rollup of 6 HD  12-40641-14 CP 543,010.00 543,010.00
Int Travel E1 Deliver Mirrors to UWA, review specifications HD  12-40641-14 CP $2,075.00 $2,075.00
Contract Ga Coat b types of mirrors ?Virgo-Lyon EE 12-40641-14 CP %200,000.00 %200,000.00
Contract G5 Polish 2 Mode cleaner mirrors Wave Precision V& 12-40641-14 CP $68,445.00 $68,445.00
Contract G5 polish 3 optics CSIROD YQ o 12-40641-14 CP $129,640.00  $129,640.00
Contract G5 Shipping Time Trax HD  12-40641-14 CP $2,000.00 $2,000.00
Subtotal: $481,255.00

Staff Benefits: $9,021.25

GRA Benefits: $0.00

Indirect Cost: $0.00

Total Cost: $480,276.25

{ Cost: 6x1.00% + Sched: 4x1.00% + Tech: 8x4.00%) Contingency @ 42.00%: $205,916.02

Cost Plus Contingency: $606,192.27

Return to WBS Summary page

ﬂ Internet

[PrraojEect
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Cost Estimate - Audit

Audit all detailed estimates for uniform
application of Cost Estimating Plan

Compare labor estimates for comparable
operations

Compare material costs

Compare fraction of estimate based upon vendor
guotes

Compare risk analysis

Use an outside and disinterested firm to
Independently develop or audit estimate

[Prr@oleet
Previous SclIEmmE®




Cost Estimate - Risk Analysis




©Gary Sanders 2002
Planning for Performance Measuremen t - 20101108

Cost Estimate - Risk analysis

e “Contingency”
— The most misunderstood word in Washington
DC re scientific projects

— Alien concept outside the USA in funding
agencies

— “Is 1t a slush fund for the PM?”
e It Is not possible to complete a project on

plan without appropriate contingency
resources

[PrraoleEct
Previous $@E®m@@
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Cost Estimate - Risk analysis

Estimate for each item should be the expected cost
of the item excluding unusual or adverse risks

For each item, separately estimate the technical,
cost and schedule risks for that item

Use a standardized and disciplined method for all
items and all estimators

Develop an estimate of an amount of money to be
held in reserve to deal with the average of all risks

Not all risks will actually take place during the
Project. This amount of money iIs “contingency”.

[Prr@oleet
Previous SGIGINEE
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Cost Estimate - Risk analysis

e Primitive method - bulk percentage rule of thumb
— “15% for civil works, 10% at contract signing”
— “30% for technical systems” ...
— Rates pronounced by grizzled veterans

e Better method - Standard Risk Factor/Percentage
— One method of this type described here

e Best method — cost of point design response to
each risk estimated one by one
— not usually practical

[PrraoleEct
Previous $@E®m@@
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Cost Estimate - Risk factors

Risk factor

Technical

Cost

Schedule

Existing design and off-the-shelf
hardware

Off the shelf or catalog item

not used

Minor modifications to an
existing design

Vendor quote from established drawings

No schedule impact on any other item

Extensive modifications to an
existing design

Vendor quote with some design sketches

not used

New design within established
product line

In-house estimate for item within current
product line

Delays completion of non-critical path
subsystem item

New design different from
established product line.
Existing technology

In-house estimate for item with minimal
company experience but related to
existing capabilities

not used

New design. Requires some
R&D development but does not
advance the state-of-the-art

In-house estimate for item with minimal
company experience and minimal in-
house capability

Delays completion of critical path
subsystem item

New design. Development of
new technology which advances
the state-of-the-art

Top down estimate from analogous
programs

not used

New design way beyond the
current state-of-the-art

Previous

Engineering judgment

Prraoject
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Cost Estimate - Risk percentages

CONDITION RISK PERCENTAGE

TECHNICAL | Design or mfg concerns only 2%

Design and mfg concerns 4%

COST Material cost or labor rate concern 1%

Material and labor rate concern 2%

SCHEDULE

(PraolecEct
Previous @@E@Eﬂ]@@
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Cost Estimate - Contingency %

Contingency (%) = Technical risk factor x Technical risk % +
Cost risk factor x Cost risk % +
Schedule risk factor x Schedule risk %

RIsk Factors - from 1to 15

Risk Percentages - 1% to 4%

Range of contingency generated falls
netween 5% and 98%

e Best technical judgment used to override this
specific graded approach to risk analysis

Prraoject
ScilemEe®
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Cost Estimate - Contingency

This formulaic approach may seem mindless

It makes your estimators look carefully at each
and every item at the lowest level
— Very valuable

It provides a common point of departure for every
estimator

It helps in auditing each estimator and comparing
with the practices of other estimators

It has been applied successfully, and extended,
by humerous projects

[PrraoleEct
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Cost Estimate - Contingency

Estimate of contingency made for each item at
lowest practical level

Percentage is converted to currency

Contingency funds are held by the Project
Manager and they lose their identification with
each item!

Each Task Leader controls the budget for a
subsystem without the contingency funds

Remember that the contingency pool is not
designed to cover every possible risk all
occurring during the Project

Prraoject
ScilemEe®
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Cost Estimate - Request for
contingency. funds

As the Project progresses, contingency funds can be

requested by written application to the Project
Manager

Requests are reviewed by Technical Board/Change

Control Board consisting of all other system leaders

Project Manager grants requested funds, or rejects
request, or requests change in schedule, technical
scope or requests other corrective action

— Scope contingency - require subsystem leaders to
Identify 10% reductions in subsystem scope

Funds can be returned to contingency

(PraolecEct
Previous @@E@m@@
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LIGO CHANGE REQUEST

Changre Request No: CR-020016 Date: Oectober 1, 2062

WES Elkment and Title: WBS 114 Facilities {Hanford Irrigation, Landscaping, Erosion Control)
Telephone: S09-372-8118

Originator: (). Matherny COUB Sponsir:

Technical Change Description: Hanford Laboratory Building Irvigation, Eresion Control, Landscaping

Install irrigation, erogion protection amnd Endseaping around the new laboratory bailding.  Approximately three
acres of ground will be covered by drain rock and there will be aver 400 plants 1o be planted.

Buadget Impact: 60,000

Cost estimate based on subcontractor guote. STO0H0 has been held as a Construction Planning Package for this
task

Schedale Impact:

Faor best resulis, we need o accomplish the work before spring of 20003

Concurrence Sigoalures:
leclimscal and Engineermg Support:

Dretector Support:

Drata amd Gemeral Computimg;:

Hanford Observatory:

Lrvengstom Chhgervaliory:

Progect Controls Mana pér:

CCE Approval THsposition :

COR Clsvirnsn:

CITHIT LHE T Labaralory Farm CR-01 {11H)

Previous

ldentify WBS
State request

Document technical,
cost, schedule
Impacts

Support documenting
the approval and
rationale

Attach additional
material for complete
package

Traceable

Prraolecht
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Cost Estimate - Actual Costs and
Estimate to Complete

e If Project is estimated properly, 100% completion
of Project will use 100% of direct estimate + 100%
of contingency

— Contingency is not to be hoarded till after project

completion

As Project progresses, direct cost estimate is
exceeded and contingency funds are used

Periodically (annually?) cost estimate is revised
to reflect all new information including actual
costs and use of contingency funds. New
estimate is called Estimate To Complete

Track (%ocontingency used)/(% Project complete)

(PraolecEct
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(Y%oContingency used)/(% Project complete)

0
c
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=
&

0% 10% 20% 30% 40% 50% 60% 70% 80%  90%  100%
Percent Complete
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Contingeney Experience of Recent DOE
Office off Seience Projects

Project Contingency as %o of BAC for TPC

b~
[
u

]
s
=8

—

e

&
[

% Contingency

=
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Cost Baseline

Original full cost estimate (in base year $) including
the separate pool of contingency funds is entered into
a database and maintained throughout the life of the
Project as the Cost Baseline

All Project cost performance is measured monthly
against the Cost Baseline in order to detect cost
deviations as early as possible

New Estimate to Complete is used after reestimate
but original Cost Baseline is preserved in database

Define time spread of costs using inflation factors in
Cost Baseline for later use with schedule

(PraolecEct
Previous @@E@m@@
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Schedule - Basic

e Project Management defines a set of useful major
project milestones and requests development of
lower level detailed schedules to conform to top level
milestones. These top level milestones define the
overall project strategy and priorities and the
attention of project staff.

Subproject structure organized to agree with Work
Breakdown Structure and integrated together
following WBS

Prepare Integrated Project Schedule consisting of all
linked schedules for each subproject in total Project

FProlecst
Previous SGIGINEE
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LIGO Eacility Milestones

el MILESTONE NAME WASHINGTON

LATE DATE

LOUISIANA
LATE DATE

Initiate Site Development
Beam Tube Final Design Review

03/14/94

08/07/95

Select A/E Contractor
Complete Beam Tube Qualification Test

Select Vacuum Equipment Contractor

Complete Performance Measurement Baseline

Initiate Beam Tube Fabrication

04/21/94
11/15/94
01/16/95
03/28/95
04/28/95
01/22/96

common
common
common
common
common
common

Initiate Slab Construction
Initiate Building Construction
Joint Occupancy

Accept Tube and Cover

02/05/96
06/11/96

01/06/97
01/06/97

Beneficial Occupancy (Accept Buildings)

Accept Vacuum Equipment

09/02/97
03/16/98
03/16/98
03/16/98

03/30/98
09/28/98
09/28/98
09/28/98

Initiate Facility Shakedown

Previous

03/16/98

09/28/98

Prraoject
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Schedule - Bottom up

e Detailed schedules developed in same manner as
cost estimate

— follow WBS

— developed by responsible task leaders

— basis recorded in standardized manner

— schedule risks considered in developing details

— technical estimate made of each task duration and
dependence on other tasks

e Detailed schedule development is closely related to
development of cost estimate detall

Prraoject
ScilemEe®
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Figure 5-3. Work breakdown structure for yard project.

YARD
PROJECT

PREPARE
CLEANUP CUT GRASS TRIMWORK EQUIPMENT

- Pick up trash-15 Mow front—45 Weeds @ trees—-30}- Put gas in

- Bag grass—30 Mow back—30 Edge sidewalk—15 equipment-5
- Hedge - Get out hedge

clippgmgs—15 clipper-5
- Haul to dump—-45

* Fundamentals of Project Management ,
, 2nd ed., 148pp, ISBN:

0814471323, AMACOM, February 2002 Prraolect
Previous Next @C@E@DDCE@
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Figure 6-4. Bar chart schedule for yard project.

Pick up trash

Put gas in equipment
Get out hedge clipper
Trim weeds

Mow front lawn I
Edge sidewalk ]

Trim hedge
Mow back yard

Bag grass & trash
Bundle hedge clippings

Haul away trash ]
T | —T Time, minutes

125 150 175

Task with float Critical task

* Fundamentals of Project Management ,
, 2nd ed., 148pp, ISBN:

0814471323, AMACOM, February 2002 Prraolect
SclaehEeCE
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Figure 5-4. CPM diagram for yard project.
o DU[x

r’ TRIM WEEDS

STL E‘E
1 DULss | 2 DULs 3 DU[= |

PICK UP TRASH MOW FRONT MOW BACK YARD

[ES[LS JEF [ LF] ES]LS JEF]LF [ESTis JEF[LF
0

1 DUuls_| o DULss |

PUT GAS IN EQ. EDGE SIDEWALK BUNDLE TRASH

ESILS JEF | LF ESILS JEF | LF ESILS JEF|LF
o] = L

5 DU[s | g DU[x |

GET HEDGE CL. TRIM HEDGE

ES|LS J EF
0

ESJLS [EF[ LF

| LF

* Fundamentals of Project Management ,
, 2nd ed., 148pp, ISBN:

0814471323, AMACOM, February 2002 Prraolect
SclaehEeCE
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Cost Book Summary COC Pathflnder

@ LIGD II Costﬂonk Activity Sheet Summary for a WBS - Microsoft Internet Explorer 066
File Edit Wew Favorites Tools Help

@Back = x__/;l |ﬂ @ l\.| f‘ JSean:l'1 H (’Favnrltes '@MEdIEI {} 7_’* :_1. . _J

-

Address GEI hth:u:ffa-:lm-:ll:usr'-.-'.lig-:u.n:altech.E|:||.|fcl:usﬂ:unnkfrepnrt_'n'I:usSummary.htf?rtg.-'pe='.-'-.'|:|s-&J:a||ingﬁ:urm=sum&wl:us:G'! Go Links **

k

CostBook Activity Sheet Summary
for WBS Number LIGD.4.06.4.1 - Pathfinder
(Amounts Include Staff Benefits, GRA Benefits, and Indirect Cost)

WBSNo: LIGD.4.06.4.1 - Pathfinder
COF406414 - EST: Pathfinder SPF 5490,276.25
COF406418 - EST: Pathfinder LPF $833,015.50

WBS Total: $1,323,291.75

Report Total: $1,323,291.75
Report Contingency at 63.40%: $839,007.79
Total Plus Contingency: $2,162,299.54

ﬂ Internet
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Schedule Summary COC Pathfinder

Activity Activity Early Early Late Late Total Budgeted
1D Description Start Finish Start Finish Float Cost

LIGO.4 Advanced LIGO Construction
(Suptotal | | 762'[180CT00 Jo3NOV03 [ [120CTO1 [20M4R0T | 341] 2.12.299.54]
LIGO.4.06 Core Optics Components (COC)

CO-F40841A |EST: Pathfinder SPF 180CTO0 |02JUND3 2Z53EPOS | 20MARDT 686,182 .27 3 thii
CO-F40641B . Pathfinder LPF 15NONO0 | 03NOVD3 120CT01  [03NOVO3 1,466 107.27 BT:

[PrraoleEct
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Activity Activity Early | Early ~Late | Late | Total | Budgeted
1 Description Start Finish Start Finigh Float Cost

LIGO.4 Advanced LIGO Construction
S 1 o sk N 200 ol S e T
LIGO.4.06 Core Optics Components (COC) Schedule Detail

2005

COC Pathfinder
CO-F40841A |EST: Pathfinder SPF 180CTO0  |0ZJUND3 205EPOS  [20MAROT 606,192.27 Pathfinder SPF
CO-F40641B . Pathfinder LPF 15HOVO0  |03NOWVO3 120CT0M  |03NOVO3 1,466,107.27 EST: |Pathfinden LPF
CO-D50540  |Small Pathfinder-Prepare Blank specifications 10|180CTO0 |310CTOO 285EPOS  (120CTOS 1,238 0.00 tions
CO-P50550  |SPF-Order Blanks 5 [02JANDZ* |0BJANDZ 130CT0S  |190CTOS 849 0.00
CO-P50550 | SPF- Polishing RFP 20 (180CTO0  |14NOVO0 21FEBOE  [20MARODS 1,333 0.00
CO-P50570 | SPF - Polish Proposal prep at vendor 20 [15NOVOD | 14DECOOD 21MARDS [1TAPRDS 1,333 0.00 @ [5PF - Pplish Proposal prep at vendor
CO-P50530 | SPF-Pelizhing Proposal Evaluation 10 (1SDECO0  |0ZJANOT 18APROS |0 TMAYDS 1,333 0.00 g SPF-Polishing Proposal Evaluation
CO-P50530 | SPF-Let Polizhing Contract 10|03JANDT  [17JAND 0ZMAYDS | 1SMAYDE 1,333 0.00 @ SPF-Let Polishing Contract
CO-P50500  |SPF- Coating RFP 10(180CT00  |310CTO0 J1AUGDS |145EPOS 1,465 0.00 SPF- Coating RFP
CO-P50610 | SPF - Coating Proposal prep at vendor 20 (01NOVOD | 30NOWVOD 155EP0S  |120CT0S 1,468 0.00 r. EPF - Coating Rroposal prep at vendor
CO-P50620  |SPF-Coating Proposal Evaluation 10|0M1DECO0  [14DECOO 130CT06 |260CT0S 1,458 0.00 1/SPF-Coating Proppsal Evaluatio
CO-P50630  |SPF-Let Coating Contract 5(15DECO0  |21DECOO 27OCTOS [02NOVOS 1,458 0.00 1| SPF-Let Coating Contract
CO-T50840 | SPF-Coating Set Up 20 (ZZDECOD  |24JANDI 03NOVOS |04DECOSE 1,483 0.00 o SPF-Coating |Set Up
CO-F50850 |SPF-Fabricate Blanks, Halfl size 100 |09JANDZ | 31TMAYDZ 200CTOS  [20MARODS 49 0.00 [Emmm 5PF-Fabricate Blanks, Halfl size
CO-050880 |SPF-Absorb Testing 20 (03JUNDZ  |Z8JUNDZ 21MARDS [1TAPRDS 949 0.00 O 5PF-Absorb Testing
CO-Q50670 |SPF-Homogeneity Measurement 20|01JuLoz  |28JuLoz 184PR0S [1SMAYDS 945 0.00 h SPF-Homogeneity Measurement
CO-F30680 | SPF-PF-Polishing 120|30JUL0Z  |23JANO3 16MAYDS |02ZNOV0IG 5459 0.00 D= SPF-RF-Polishing
CO-Q506%0 |SPF- Uncoated Metrology 20 (24JAND3  |2MFEBO3 03NOVOS |04DECOS 849 0.00 @ 5PF+ Uncoated Metrology
CO-T50700  |SPF-Coating 40 |24FEBO3  [1BAPRO3 05DECO6 |OSFEBOT 849 0.00 1 SPF-Cloating
CO-Q50710  |SPF-Coated Metrology 20 (21APROZ  |16MAYD3 O0SFEBOT  |06MAROT 849 0.00 O SPF-Coated Metrology
CO-H50720  |SPF-Deliver to UWA 10| 19MAYDI |[D2JUND3 O0TMARDT |ZOMAROT 949 0.00 1 SPFiDeliver to UWA
CO-D50740  |LPF-Prepare Blank =pecifications Full zize 10 [1SHNOWVOD | 30NOVOD 120CT0M |250CTM 227 0.00 O LPFPrepare Blank specifications Full sjze
CO-P50750  |LPF-Order Blanks - Pathfinder full size 10|0MDECOD  [14DECOO 260CTOM [0BNOVDI 227 0.00 1 LPF-Order| Blanks|- Pathfinder full gize
CO-P50780  |LPF- Polishing RFP 10|11DECO2 |28DECOZ 11DECO2 |2B8DECOZ 0 0.00 I LPF- Pplishing RFP
CO-P307T0  |LPF - Polish Proposal prep at vendor 10|27DECOZ  |[13JANOS 2FDECOZ  [13JANO3 0 0.00 § LRF - Polish Proposal prep [at vendor
CO-P50780  |LPF-Let Polizhing Contract 10| 14JAND3  |28JAND3 14JAND3  |2BJANDI 0 0.00 I LPF-Let Polishing Qontrac
CO-P50730  |LPF- Coating RFP 10|11DECO2 |26DECOZ 10APRO3  |23APRO3 a0 0.00 I LPF- Coating RFP
CO-P50800  |LPF - Coating Proposal prep at vendor 10|27DECO2  [13JANO3 24APRO3  [0TMANYD3 a0 0.00 f LRF - Coating Proposal prep atj vendor
CO-P50810  |LPF-Let Coating Contract 5[14JAND3  |21JANDS DEMAYD3 | 14MAYD3 &0 0.00 1 LPF-Let Coating Coptract
CO-T50820  |LPF-Coating Set Up 20 (ZZJAND3  |19FEBO3 15MAY D3 |12JUND3 &0 0.00 O LPF-Coating Sat U
CO-F50830  |LPF-Fabricate Blanks, Full size 260 [09NOVDM® | ZZNOVD2 DSNOVDT | Z2NOV02 0 0.00 IR L PF-Falzricate Blanks, Full sizie
CO-050240 |LPF-Absorb Testing 20 |25N0V0Z | 2BDECOZ 25NOV02 (28DECO2 0 0.00 LPF-Absorb Tiesting
CO-Q530830 |LPF-Homogenety Measurement 20 |27DECOZ  |2B8JANDS 2TDECOZ  [28JANO3 0 0.00 1 LPF-Homogeneity Measurement
CO-F50850 |LPF-Polishing 80 |29JAND3  |21MAYD3 28JANOD3  [21MAYD3 0 0.00 I LPF-Polishing
CO-Q50870  |LPF- Uncoated Metrology 15| 22MAYD3 [12JUNO3 22MANYD3 [12JUND3 0 0.00 B |LPE- Uncoated Metrolog
CO-F50880  |LPF-Coating 80|13JUND3 |0BOCTO3 13JUND3  |0SOCTO3 0 0.00 LPF-Cpating
CO-0508%0 |LPF-Coated Metrology 20(070OCTO3 |03NOVO3 07OCTO3 |03NOWVO3 0 0.00 -h LPF-Coated Metrology
CO-H50900 |Deliver LPF ETM to LASTI 0 03NOVD3 03NOVO3 0 0.00 @ Deliver LPF|ETIM tg LASTI
CO-H50930  |Deliver LPF ITM to LASTI 0 03NOVD3 03NOVO3 0 0.00 @ Deliver LPF|ITM to LASTI
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Schedule - Integration

Project Management integrates detailed schedules
and reviews all schedule ties between subprojects
with those developing detailed schedules

Identify all Critical Paths (paths through schedule
with no extra time (slack))

Test alternate approaches to Critical Path
Test alternate project strategies
Attempt to build schedule slack in critical operations

Develop menu of “work arounds” for anticipated
schedule risks

Prraoject
ScilemEe®
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Performance Measurement Baseline
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Performance Measurement Baseline

e Cost Baseline and Integrated Project Schedule are held by
Project Management

e Create PMB by loading costs for each task into schedule
task

— select flat, growing, falling, bell curve, or progress payment
cost profile for each task

— select an appropriate level in WBS for combining costs and
schedule tasks. Goal is performance measurement by Project
Manager, with lower level flexibility left to task leaders

— match to likely funding profile from funding source
* “Technically paced” or “funding paced”

e Load into database as Budgeted Cost of Work Scheduled

(PraolecEct
Previous @@E@m@@
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Schedule Cost Sheet Detail COC Pathfinder

—| cost

|+]-[pe-

Resource e E1® EMN* G5 aT* S5C* Z-HISK, ~-RISE, Z-RISE, Z-RISK,

Cost Acct/Category 12-40641-14E 12-40641-14| 12-40641-14L 12-406471-14C 12-40641-14L 12-40647-14L 12-406471-14C 12-40641-14E 12-40641-14| 12-40641-14L
Driving 0 0 | 0 0 0 0 0 0 |
Curve
Budgeted cost 430,00 2075.00 2851875 400085, 00 11187 50 540000 168035, 70 1806420 a71.50 18944 62
Actual this period 0.00 000 0.00 0.00 0.0 0.00 0.00 0.00 000 0.00
Actual bo date 0.00 000 0.00 0.00 0.0 0.00 0.00 0.00 000 0.00
Percent expended 0.0 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0
Percent complete
Earmed value 0.0n 0.nn 0.00 0.nn 0nn 0.00 0.on 0.0n 0.nn 0.00
Cost to camplete 4301 10.00 207500 2851875 400085, 00 11187 50 540000 168035, 70 1806420 av1.50 18944 52
Al completion 4301 10.00 207500 2851875 400085, 00 11187 50 540000 168035, 70 1806420 av1.50 18944 52
W ariance ) 0o 0.00 0o 0o 0.00 0.on 0o 0o 0.o0

] Budget Summary

—[+]-|oz

Fesource | Cozt Acct/Categom | Diiving
D2 12-40641-14E
12-40E41-14]
12-40E41-14L
12-40641-14C

Toatal Unitz Toatal Cosgt

Initz per day

Res Lag/Duration
% Complete/Espended .0 .0 0.0
Budgeted amount 430$10.00 200,00 BI6192 27
Planned wvalue ) .00 .00 0.00
Earned value .00 .00 .00
Actual to date .00 .00 0.00
To complete 430$10.00 200,00 BI6192 27
At conpletian 43010.00 200,00 E9E192 27
Yarance Q.00 Q.00 Q.00

Phraolecht
Sclamec®
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Trracking and controlling performance

Require contractors to report costs and schedule
progress monthly to Task Leaders responsible

for contract
Task Leaders report cost and schedule progress

to Project Management each month

— Only this system used by Task Leaders for performance
measurement
— Must be implemented so as to be truly useful

Progress measured by standardized methods and
accumulated as Earned Value

Prraoject
ScilemEe®
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Earned \alue reporting

e Monthly measurement of progress in
each task accumulated as Earned
Value

—% Complete

—Milestones Completed
—Progress Payments Earned
—Level of Effort

[Prr@oleet
Previous SclIEmmE®
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Performance and variances

Budgeted Cost of Work Scheduled (BCWS)

Budgeted Cost of Work Performed (BCWP)
— earned value

Actual Cost of Work Performed (ACWP)
Cost Performance Index (CPIl) = BCWP/ACWP

Schedule Performance Index (SPI) =
BCWP/BCWS

Cost Variance (CV) = BCWP - ACWP
Schedule Variance (SV) = BCWP - BCWS
(All units are in $)

Prraoject
ScilemEe®
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Performance Measurement display

PERFORMANCE MEASUREMENT DATA

ETC

CONTRACT BUDGET BASELINE \/"

PPraoject
Previous @C@E@DDCE@




Figure 8-4.
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Earned value analysis—behind schedule,

overspent.
Earned Value Analysis
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Figure 8-8. Earned value analysis—behind schedule,
spending on target.

Earned Value Analysis
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Figure 8-5.
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Earned value analysis—ahead of schedule,
spending on target.

Earned Value Analysis
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_IGO Cost Schedule Status

— — Original Flan - $250M

—{— Current Plan - $292M
— — Cooperative Agreement (Funding) - $292M

$ Millions

—o— Performance - $285M

—— Actuals Costs - $284M

LIGO Quarter

Prraoject
ScilemEe®
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lLoeking ahead

¢ More details of the linear project

e Complex Projects

e Environmental and Affected Cultural Planning
e Case studies of forming projects

e Case studies of projects in progress

e Cyberinfrastructure

e Projects as communities

e Funding and Governance Issues

e “Almost big” projects

e Discussion, discussion, discuss&ggﬂjﬂ@CEEE
Previous Next SEIEIME®E




