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Caveat

o These lectures are my personal approach to
organizing and managing a project.

o Assume audience is a technically experienced group
of engineers and scientists, but novices in project
management of large projects. I apologize in
advance if I insult the audience at this school.

r Assume a USA approach to project management,
though I am familiar with organization of European
projects.

o I will mix details of the LIGO Project Management
with philosophical and personal comments.
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Organization of Two Talks

o LIGO Organization and Management

" The LIGO Project - Technical Introduction

" Work Breakdown Structure

" Organization

" Management Processes

" Review and Advisory Processes

o LIGO Cost, Schedule and Performance Control

" Cost Estimate and Cost Baseline

" Schedule Baseline

" Performance Measurement Baseline

" Tracking and Controlling Performance

" Change Control
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The Goal of the Project Manager

"See first that the design is wise and just: that
ascertained, pursue it resolutely; do not for

one repulse forego the purpose that you
resolved to effect."

William Shakespeare
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The LIGO Project r Technical
lntroduction

Laser I nterferometer Gravitational Wave
Observatory
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Sources of Gravity Waves

z-dim. display of space-time ripples from neutron star inspiral
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A Gravitational Wave Signal

"ri f ot;#il,'T, rt*l
t'r i\

Signal from a neutron star - neutron star binary
inspiral/coalescence
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A LIGO Interferometer

LIGO Project



Two Sites r Three Interferometers

2 Interferometers

1 Interferometer
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LIGO Vacuum System

LIGO Project



LIGO Beam Tube



LIGO Beam Tube Enclosure



LIGO Conventional Facilities

LIGO Project









Work Breakdown Structure
Organization

Management Processes
Review and Advisory Processes
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LIGO Work Breakdown Structure

1.0
LIG O

1,1.1
Vac. Eq u ip.

1.1.3
BT Enc.

1.1.2
Beam Tube

1.1

F acilities
1.2

iD etector Project
1.4

Management

1 .4.2
fControls

1 .4.4
Integration

1 .3.2
Tasks

iESH/QA

1 .4.5
Ad m in.

1.2.2 , 1 .3.1
Lab O ps.

iCiv. Constr.
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10.01
R&D
10.02
Slllcon Tracker

10.03
IPC Tracksr

10.04
Reserved

10.05
ReserYed

10.06
STS/IPC Assembly

10.07
lnstallatlon andFlnal
Tesl

10.08
Prolect Managemenl

10.09
ConceptuaU
Prefimlnary Deslgn

30.01
R&D
30.02
Barrel Reglon -
csc
30.03
Endcap Ragion -
csc

30.04
lnslallatlon -
csc
30.05
Prclecl
Managemenl -

csc
30.06
ConceptuaU
Prellmlnary
Deslgn

40.01
H&D

40.02
Deslgn
Completlon

40.03
Fabrlcatlon &
Assembly

40.04
lnstallallon and
System TesSng

40.05
Prolecl
Managemenl

40.06
ConcepiuaY
Prelmlnary
Deslgn

50.01
R&D

50.02
Frcnt End

50.03
Data Acqulsitlon

50.04
Trlgger

50.05
Integrallon

50.06
PrcJect Managemenl

50.07
ConcepluaU
Preflmlnary Deslgn

60.01
R&D
60.02
Global Conlrol
System

60.03
On-llne
Computlng

60.04
Network and
Communlcatlons

70.0'l
CDS Support

70.o2
Beam Plpe

70.03
Detector Access
Equlpment

70.04
Detector Salety
Syslems

70.05
Ullllty Sewlces

90.01
Plannlng & Conttols

90.02
Englneerlng &
Integratlon

90.03
ESAH & OA

90.04
Admlnlstradon

20.01
R&D
20.o2
Inner Barrel
Calorlmelry

20.03
Sclntlllatlng Barrel
Hadronlc Sectlons

20.04
Endcap
Calorlmstry

20.os
Forward Hadronlc
Calodmetry

20.06
Passlve
Absorber
20.o7
Vacrum

20.08
Cryogenlcs

20.09
lnslr., Power &
Opetatlonal Control

20.10
FlnalAssembly

20.11
Hall lnstallallon

20.12
Callbratlon and Tesl Beam Program

20.13
Subsystem Managemenl

20.11
Conceplual/
Prellnrlnary Doslgn

70.06
Cranes

70.o7
Auxlllary Equlpment

70.08
Gas Serylces

70.09
Surey Systems

70.10
Magnetlc Shleldlng

70.1'l
Test Beam/Callbratlon Hall

70.12
Cable & Plumblng Houllng
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Work Breakdown Structure (WBS)

r Break down all of the work required to complete the
project

" Include all physical deliverables, subsystems

" Include R&D, design, prototyping, fabrication, installation,
acceptance testing leading to a deliverable product

" Include administration, integration, purchasing, reporting not
directly related to deliverable products

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

r Organize work in a way to support delivery of
"products"

r lf work will be accomplished through major contracts,
represent them in the WBS
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Work Breakdown Structure (WBS)

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

o lt should reflect how you will manage the project
toward its goals

o Do not make the common mistake of organizing it to
keep accountants happy, or to reflect geography or
existi ng organ izations

o Structure your organization to parallel the WBS

I Write a Work Breakdown Structure Dictionary and
maintain it
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LIGO Organization

ucS
PEi:ct OonfitDlt

GFup
ManagEr:

P. Ltndqlrbt

$bEe
Edr.E tbn
PrqEm

fED

ErEESht
Phnrirg

Hanbid SiE:
F. RaaD

Livingston gE:
It.@lc3

D€Dfirr gurp
LBactsr:
R Vdgt
Deputy:

W. Althorce

6nd&h
SyrErrt

Ta6k[Ea#r
(Acting)'
8. Sork

Ftryii:.1
Erri]Dn|IEil
Hg|iErlrE

Task l.eaElcr
T8D

S|.pporr
Equipicil

TaEk lraEbn
TAD

Cllrl Cqrrrn.Erim
Task LEa*n

F. ACtl
OoE| Sbnris:
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Ll GO Organ izational Phi losophy

o Organization has only three levels

a "Product Oriented"

o Integration
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Facilities Task Leaders

Ciril ffsrg]rutirn
Task leartsr:

F. .4srf
ftg. Scientist:

E ,Sauege

Eesm Tube
Tas k Learh r:

L. Jones
cq.Scientist:

E lr,|/eft*

lfrcurrn E+tiprent
Tas k Learh r:

J. [,rl/O,.qfen:

f,cg.ftFntist
[f. Ercker

I Task Leader is an experienced engineer
o Cognizant Scientist provides scientific support, but not

management of task, nor signature responsibility

r Task Leader has sole signature authority for written directions to
outside contractors

o Project approval required for cosVschedule actions >$S0K/one
month or technical changes affecting other systems
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Facilities G roup Leader

F*ilitier Gmup
LeacF r:

llL 'Cole+
De puty:

G. 'Sfqpfer

#wffiffiffitHffim*ffim mffiffi ffixKsffisw Hil

I Group Leader is a physicist, Deputy is an engineer

. Both will move to a site as operating site leaders strengthening
responsibility

r Responsible to deliver functioning facilities ready for detector

. Responsible to manage interfaces between subsystems

o Responsible for cosVschedule integration and corrective actions
in execution of project
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Detector Task Leaders

IfiEfiEln]TEET
Task Leader:

IED

0trfitrtr| ft Dfltn
$1r#ms

Task Leartsr
{Anting}:
E Eork

Flrysirnl
Eruimnrent
lflrrimrirg

Ta sk Leade n
IED

Sl+pnrt
Equiprerr

Tas k LE arts r:
IED

4I sep fls

o Task Leaders are scientists or engineers

r Responsibilities similar to Facility Task Leaders
o As design/fabrication is more in-house, these Leaders are more

directly responsible for managing the design and fabrication and
acceptance process

o CDS electronics could be organized within other subsystems
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Detector Group Leader

tlEEcEr fnup
Learhr:
E |rsgt
De pu ty:

H/. .qlfhf,u$e

K's*mtrmflmffi #mffi sssffi mffiffiffiwm

I Group Leader is a physicist, Deputy is an engineer

I Responsible to deliver functioning detector (3 interferometers)

o Responsible to manage interfaces between subsystems

I Responsible for cosVschedule integration and corrective actions
in execution of project
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R&D Group

a
I

Led by scientists

Responsible to deliver R&D
results when needed by
Detector schedule
Responsible to deliver
operational expertise and
competence needed at
operating sites

Managed as a "level-of-
effort"

F ik D Gmup
Leartsr:

,S. Hrfircornfr
Deputy:

D. ,Sfioernaker

l.ab Openatim*
40rn Task Learh r

F. Faab

E & D Ta*lc*

F H & XB rHAffi#SffiffiW*mrrff! msn* us *rus $$ gm n*s *ffm sw
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Project Office

Llfi#

Fr*4i*cf #ffr**

o Left side chart are Project Office functions

o Right side chart are Project advice, review, external relations

$ysEm Engineen
A. Lazarini

Deputy:
D. Qoyne

Eg|.ation ScE ntist:

L. .ArYen

C. Cani:eres
G. Gibher$ofl

E [,foni:
I Ffrillps

I Iombreilo

Erwimrurert,
Satty & tlE{hh

ffli-r
E. Lucac

$cbrce
Hrm[bn
Pmgmnr

TED

Ferm $ies
Pbnrirg

Hanbd Sie:
F. BaeD

Livingston SiE:
M. Colec

o Responsible for overall technical/cost/schedule integration
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Project Management

. Responsible to deliver the Project
Manage integration and Project
cosVschedu le/tech n ical prog ress

Assure scientific success

Chair Technical Board/Change
Control Board

r Chair weekly Project Control Meeting

I Chair monthly CosVSchedule
Meeting

I Responsible for interactions with
funding agency (NSF)

Fmffi Llarufrert
Principal Inrmst$amr:

E. Ee,'tlsh
Prupct lilanagFf:

G. ,Sanqle fi$

I
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Project Controls Group

I
o

O

a

a

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 measu rement

Manage formal reporting to NSF

Manage procurements, industrial
contracting and payment actions

Manage all documentation

Pmfr*t f,nntml+
Gmup

lia nage r:
F. linatqurrt
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lntegration Group

lnEgrntirl Gmup
Sy sE rn En gine e n

.4. Laeeerrnr
De puty.

D. f,oyne
In egration $c h ntist:

E l#ei**

Technical integration of requirements,
specifications, interfaces is a Project
responsibility

Led by a scientist with industrial
experience

Includes also all system modeling and
simulation and computing

All technical work in Project is visible
to this Group

Technical management of
configuration changes

Specialized external technical
consulting
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Interface Control

)r
F{
{
z
EEhrrrl
;4,

Document and control all interfaces between subsystems

Detector - Civil Construction Interface example
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ES&H/QA

ftrnlilf
A+*uErEE

ffiilgr
Itl{ Ipler

Errimnrert,
Safrty fr{ l-lEnlth

ffii-r
5. Luce+

. Responsibility of the Project Manager !

r QA Officer responsible for qualifying all processes, procedures,
and materials, supervising technical oversight of fabrication and
acceptance testing
)' Most direct Quality Assurance done by technicians and engineers

o ES&H Officer responsible for identifying all hazard scenarios in
system and insuring that hazards are addressed by design,
procedures or training
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Technicall0hange Control Board

Members are Group Leaders for
Facilities, Detector, R&D, Integration,
Project Controls

Review of all requests for:
>) cost changes >$50K

)) technical interface or performance changes

Recommendation to Project
Management

Reviews all major technical choices

Techrical
tuld
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Remote Sites Planning

-tHerue Sic+
f hnrirg

Hanfirrd SiE:
F. Feah

Liuing$ton SiE:
ftf,. Gsle*

r Led by two scientists who will head the
two LIGO sites

I Responsible for all LIGO systems
delivered to the sites

o Responsible to build onsite staff

o Responsible to plan all infrastructure for
onsite staff (office space, local technical
resources, medical insurance...)

o Responsible to establish functional
relations with local authorities and
institutions

o Initiate onsite construction management
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Adviso ry lOve rsig ht Com m ittee

Chaired by retired Director of Jet
Propulsion Laboratory

Members include two senior faculty
each from Caltech and MIT and a former
senior manager of major space projects

Reports to Caltech and MIT
management

Quarterly meetings to monitor progress
and difficulties in Project with written
reports to Caltech/MlT management

Provides advice to LIGO Project
Management

L. .4'fen
fr. franfsere+
G. Grbbertrn

E lf,Jsnie
I trti,Ip*

I lorn bre,To
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EAC/PAC

LIEO
Ererrul
fisftpissry

EnmmiH

LIGO
Frqgrgm
fishrisnry

CommiftE

External Advisory Committee provides technical advice on
system choices and technical challenges (laser type, lightening
protection, spiral welding of thin walled stainless steel...)

Program Advisory Committee reviews proposals from outside
LIGO to use LIGO facilities for experiments

Both committees structured by a temporary committee
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Project Management Plan

o Write a Project Management Plan

o Include:

Subsystems, Integration, QA, ES&H, Procurement

Cost, Schedule, Subcontracts, Configuration Change Control

)> External Reporting
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LIGO Cost, Schedule and
Performance Control

Ecole de Conduite de Projets - La Londe
1 1 au 16 Fevrier 1996

Gary H. Sanders
LIGO Project Manager

California lnstitute of Technology
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Cost Estimate r Basis

o Establish detailed Work Breakdown Structure

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

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

r 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.
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GEM COST ESTIMATE SUMMARY
FY93 U.S. Dollars

GEM DETECTOR SYSTEM

to

20

30

40

50

n0

70

90

-GEM DETECIOR SYSTEM

.CE}ITRAL TRACKER

.CALORIMETEF

-iluoH

-[IAGNET

.ELECTROHICS

-coitPuTER I CONTROLS

.INTERFACE SYSTEIIS

.PROJECT IIANAGEMENT

00

0l

0l

0t

0l

0l

0t

0l

o1

274,81 3,657,544

12,168 190275

68,570 1,012.430

40,6g1 891,791

64,787 U82U

52.819 465,971

10,390 168,299

2t,811 122,W

3,55t 458239

6,029 t%

OWo
O V/q

00%
6,029 eh

O Vla

ovh
0 096

0@o

23% 551,228

25% 27,324

27Vo 135'4'15

27"/o 98'347

2l% 125,325

2llo 92272

*h 19,16{l

18"/o 29,813

flo 21271

167,306

9,788

37,974

38,8r9

9r,232

22,552

5,478

3,587

r7,897

,14.l,8[t7

2l,954

106,548

Tt,u9

98,019

75,171

15,8{t9

25,38i

21,u8

r03,362

5,369

28,870

20,897

21,2n

17,1@

3,591

4,44l.|

t.825
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40.03.'1.2.3 VESSEL SUPPORT STRUCTURES FAB/ASSY

OUANTITY UNTT
MEAS

GEM COST ESTIMATE DETAILS

MATERIAL LABOR

TOTAL
HOURS

UNIT
cosr

TOTAL
LABOR,9

04t2711993

MAT'L+
LABOR,S.INE

TEM
ITEM ITEM
COOE DESCRIPTION

cosr
BASIS

UNIT TOTAL
COST MAT'L,'

CFAFT HOURLY
TEAM RATE

MW
UNIT

441147BU

BU
BU

BU
BU
BU
BU
BU

BU
BU
BU
BU
BU
BU

I

2
o

4

6

I
I

10
11
12
l3
't4

IEA

M&S
PIF

PIF
PIF
PT
PIF
PIF

PP
PT
PIF
PF
PIF
t&A

Coordinator Suppl During
Consl
Weld Insoec Qa Tlme
Saddtes 3O4l Ss Wl 8%
Waste
Supporl Blocks 3O4l Ss
Transporlatlon
Plale Sectlon Buming
Web Sectlon Buming
Weld Fixluring &
Allgnmnel
Weldlng
Blastlng
Rlgglng
Hydraullc Jacking Syslem
Transporler Gtease Pads
On/oll Slte Inspecllons

3.00

0.50
262.AO

80.00
20.00

120.00
8.00
1.00

8.00
16.00

1.00
1.00

24.00
2.00

MM

MY
TON

TONS
LOADS
SECTION
WLDMNTS
LS

WLDMNTS
WLDMNTS
LS
LS
EA
MM

97,610 48.805
4,154 1,088,243

4,rg 332,288
2.596 51,920
623 74,765

1.817 14,538
4r,536 41,536

10,384 83,072
2,598 41,536

103,840 103,810
207.680 207,680

8.650 207,597

INSPAD 60

INSPAD 60 147 294

LABOR

TOUCH LABOR = $0
EDfA LABOR = $44'297

8,859 2e,575 26,578

48,805
1,088,243

332288
51,920
74,765
14,538
4r,536

83,072
41,536

103,840
207,680
207,597

17,7r9

suBTorAL. 40.03.1.2.3 VESSEL SUPPORT STFUCTUFES FAB/ASSY $2,295,819 735 s41.297 $2,340,117

PRIME CONTBACTOR MARKUP 7.71IO $180,373

CONTINGENCY E.OOT"

$2,520,190

3551,s08

cosr PLus CoNTINGENCY 33,074,998

8,8s9 17,719

RISK

Technlcal Risk
Gosl Fllsk

Schedule Rlsk

6olo
8o/"
8%

ESTIMATOR: G. DEIS/J. BOWEFS
DATE OF ESTIMATE: 06/15/92

COST MATRIX

PROC/FAB I nssaLv 
IlolI'll:l

INSTALL

TENIAL 2,247,O15

TOTAL, $

MANHOURS

2,247,O15
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WBS: 40.03.'1.2.3
Date:6/15/9?

Magnet
Basis of Estimate

Item: Vessel SuPPort Structures
Rev: Ql By: G-Deis/J--89!veE

Element Scope: This element includes all of the hardware required to physically support
the coil, vessel, and muon sector assemblies in the underlround 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
include 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 pa.t of ilie transporter, and will be capable of lifting the weight of
the vessel-syste. plus the saddles, and have sufficient control to enable pitch, roll and

elevation positioning.

lnterface to the building foundation is through shim blocks mounted to the floor.

Total weight of four saddle support weldments is 121 tons

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

lnspection/Admin
Basis:

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

3mm
2mm

EDIA/OA Material&Services
Basis: Quality Assurance weld inspection time .5my

Procurement/Fabrication
Basis: each vessel
raw materials
saddles:
121 tons 304L stainless steel in finished structures
add 8o/o waste giving 131 tons of raw material
mill rate = $2.00/ lb yielding $524K

support blocks:
40 tons 304L stainless steel in finished st'ructures
mill rate = $Z.oo/ lb yielding $160k



weld material cost is included in welding cost

transportation $2500/loadx 10loads = $25k

plate section burning 0.5 days/ section, $600/ section x 60 sections = $36k

machine base plate 7 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

Installation/Ass'Y
Material ($k): O
Basis:
itir ir covered in WBS 40.O?.g.?-.1, 40'04'1'1 - Magnet Installation

Unit type: ea
Estimate TYPe: lll

Number of units: Z

Risk Factors:
Technical:

Cost:

Schedule: -8-

3-

L
Basis: Fabrication techniques are standard. Simple shapes and

interfaces. Loose tolerances. Common materials'
gasis: 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: lf bui|t in sections off site, wi|l have minima| inpact on

vessel installation schedule.

Misc Comments:

Currentassumptionsoff|oormovementvalyuptol5cmupanddown.



Cost Estimate - Base Currency Year

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

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

o Old industrial price quotations should be corrected for
inflation up to the current year if a new estimate is not
obtained from industry
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REPORT: RATEIJIST
FILE: LIGOBCE

RATE TABLE IJISTING 9FEB95
Page 1

DATE RATE

RATE TABLE: ADMIN

0l_DEc91

I ADMINISTRATION ]

23.0300

RATE TABLB: COST

0l.lANg1

I cosr (RATE oF 1-, USED FOR COST CALCS) ]

1000.0000

RATE TABLE: ENG

01DEC91

I ENGINEERS ]

37.7900

RATE TABLE: ESCALATION

O 1DEC9 1
01-DEC92
0LDEc93
01DEC94
O 1DEC9 5
O1DEC96
0l-DEC97
01DEC98
01DEC99
OlDECOO
0 1DEC0 1
O 1DECO2

I Escalation ]

.0000

.0000

.0000

.0220

.0450

.0700

.0965

.L240

.1900

.2240

.2600

.0000

RATB TABLE: FRINGE

0l-DEC91

I FRINGE BENEFITS ]

.3400

RATE TABLE: GRAD

01DEC91_

I CNAO STUDENTS ]

9.3500

COBRA (R) by wST Corp.



Cost Estimate r Source of Estimate

o Clearly identify the type of the source of the estimate

>) Vendor Quotation (VO) - better, but likely to increase
)> Placed Order (PO) - even better

I For every material subsystem, work to increase the
fraction of the estimate based upon industrial vendor
quotations
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Cost Estimate r Roll Up

o 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...

Project execution
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Cost Estimate r Labor Rates

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

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

I Use labor "crew" mixes if appropriate for an operation

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

o Consider vacation/sick time factors
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REPORT: RATELTST
FILE: LIGOBCE

RATE TABLE LISTING 9FEB95
Page 2

DATE RATE

RATE TABI,E: MGMT I MANAGEMENT ]

0LDEC91 54.2400

RATE TABLE: MM I Manmonths mm = HOURS / MM ]

or-DEcgr_ .0058

RATE TABLE: OVERHEAD I OVERHEAD RATES ]

01_DEC91 .5800

RATE TABLE: PROF_FAC I PROFESSIONAL FACULTY ]

or.DEc9r. 85.0000

RATB TABI,E: SCI I SCIENTISTS ]

01DEC9]_ 33.9400

RATE TABLE: TECH I TECHNICIAN ]

0l_DEc91 22.0000

RATE TABLE: UNDERGRAD I UNDERCRADUATE STUDENTS ]

01DEC91 9.3500

coBRA (R) by WST Corp.



Cost Estimate r Labor Rates

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

o In mass production operations, include the "learning
curve" factor

. In mass production operations, consider "crew"
quality and trade off cost for productivity
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Cost Estimate r Audit

o Audit all detailed estimates for uniform application of
Cost Estimating Plan

o Compare labor estimates for comparable operations

I Compare material costs

o Compare fraction of estimate based upon vendor
quotes

I Compare risk analysis

o Use an outside and disinterested firm to
independently develop or audit estimate
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Cost Estimate r Risk Analysis

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

o 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 is "contingency''.

o Primitive method - bulk percentage rule of thumb

o Better method - Standard Risk Factor/Percentage
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Cost Estimate r Risk Factors

Risk factor i Technical Cost
1

,,^..*--*--..T-

Existing design and olT-the-shelf i Otf the shelf or catalog item

Schedule

*j*
] not used

1I
t...
J
.1 4

"1To--*"
Minor modifications to an

*itl*g desiel

Extensive modifications to an

-existine 1*l*"
New design within established
product line

New design different from
established product line.
Existing technology

:

I

I Vendor quote from established drawings

I

i

I Vendor quote with some design sketches

i.*"t.-....".... .. ....-....-."i"
li
I In-house estimate for item within current i

product line 
.

i In-house estimate fbr item with minimal :

I company experience but related to :

existing capabilities

No schedule impact on any other item

not used

O"*r. 
"o*nletion 

of non .rt,at O"rn
subsystem item

not used

Delays completion of critical path

subsystem item

used

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

In-house estimate for item with minimal 
i

company experience and minimal in- :

, house capability 
:

New design. Developmcnt of
new technology which advances

the state-of-the-art

, Top down estimate from analogous
r programs
I

i
I not
j
I
:

i
i

lP,-*

t5 , New design way beyond

i current state-of-the-art
the , Engineering judgment

i
I

i

i not used
i

__i
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Cost Estimate r Risk Percentages

IWn{eria} and labor r*te concsrn

tlswew.&ffi. s

rr..tIdaterial cost nr lahnr rn{e concem
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Cost Estimate r Contingency %

ContingencV %) = Technical risk factor x Technical risk "/" +
Cost risk factor x Cost risk "/" +

Schedule risk factor x Schedule risk %

. Risk Factors - from 1 to 15

. Risk Percentages 1% to 4o/"

o Range of contingency generated falls between 5%
and 98%

o Best technical judgment used to override this specific
graded approach to risk analysis
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Cost Estimate r Contingency

o 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!

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

o Remember that the contingency pool is not designed
to cover every possible risk all occurring during the
Project
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Cost Estimate r Request for
Contingency Funds

r As the Project progresses, contingency funds can be
requested by written application to the Project
Manager

o Requests are reviewed by Technical Board/Change
Control Board consisting of all other system leaders

r 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

r Funds can be returned to contingency
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Cost Estimate r Actual Costs and
Estimate to Complete

o lf Project is estimated properly, 100% completion of
Project will use 100% of direct estimate +
contingency

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

o 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 (%contingency used) l(% Project complete)

LIGO Project LtGO-G960008-00-M



Cost Baseline

o Original full cost estimate including the separate pool
of contingency funds is entered into a database and
maintained throughout the life of the Project as the
Cost Baseline

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

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

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

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

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

o 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.
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Schedule r Bottom Up

o Detailed schedules developed in same manner as
cost estimate

other tasks

o Detailed schedule development is closely related to
development of cost estimate detail
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Schedule r Integration

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

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

I Test alternate approaches to Critical Path

r Test alternate project strategies

o Attempt to build schedule slack in critical operations

o Develop menu of "work arounds" for anticipated
schedule risks
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Performance Measu rement Basel i ne

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

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

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

o Load into database as Budgeted Cost of Work
Scheduled
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Tracki ng and Controlling
Performance

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

o Task Leaders report cost and schedule progress to
Project Management each month

measurement

o Progress measured by standardized methods and
accumulated as Earned Value
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Earned Value Reporting

o Monthly measurement of progress in each task
accumulated as Earned Value
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Performance and Va riances

o Budgeted Cost of Work Scheduled (BCWS)

o Budgeted Cost of Work Performed (BCWP)

o Actual Cost of Work Performed (ACWP)

r Cost Performance Index (CPl) = BCWP/ACWP

o Schedule Performance Index (SPl) = BCWP/BCWS

o Cost Variance (CV) = BCWP - ACWP

I Schedule Variance (SV) = BCWP BCWS
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Reestimate and Rebaseline

o Include revised information from actual experience
and signed contractor cosVschedule commitments

o Must revise BCWS to reflect most realistic plan so
that performance measurement is meaningful

>) lf not, Task Leaders will not use system

I Cost, Schedule and PMB changes made annually on
average and only after careful review by
Technical/Change Control Board
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Contract Planning

o All contracts or purchases of $500K or more go
through a formal planning process

fixed price

cost reimbursable + fee

incentives/penalties

competition

multiple awards followed by final selection

o Contract change management is a crucial element of
project management
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Reviewing a Procu rement
(Source Selection)

o RFP (Tender) includes Statement of Work, legal
requirements and criteria for selection of contractor

I Proposals are reviewed by Proposal Evaluation
Team which develops a rigorous selection
recommendation

o Recommendation reviewed of Review Committee
which comments to Project Management

o Selection is finalized by a Source Selection Board
from outside LIGO representing Caltech
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Managing Contractors

o Crucial to manage multiple contractors on "non-
interfering" basis

o Crucial to have a rigorous system to track and control
all contacts between Project and contractors

o Crucial to rigorously, but quickly, manage contractor
change orders

o Managing "fixed price" contracts is very different from
managing "cost reimbursable" contracts
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Other Crucial Factors

o People

r Clear, shared agendas

o Communicating openly and listening

o Teambuilding

o Share project goals and subordinate individual goals

o Delegate authority to lowest appropriate level but
make accountability very clear

o Draw organization around people, instead of trying to
fit people into a predetermined organization

o Clear process
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