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September 28, 1981 

To: Preaident 
Vice President, Finance 
Vice President, Power Generation 
Vice President, Operations 

Gentlemen: 

Enclosed for your information is 11. copy of lJLPCo. 's 
Pioneer Unit 1 progresa report for the month ending July 31, 
1981. 

1!/.)#~ 
Pioneer I ProJe.ct Manager 

DAW :bcr 

Enclosures 

' 
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September 28 1981 

To: Presid.ent 
Vice President, Finance 
Vice President, Power Generation 
Vice President, Oper&tions 

Gentleman: 

Enclosed for your informstion is a eopy 
Pioneer Unit I progresa report he ont din 
1981. 

DAW:bcr 

Enclosures 

5';2.YiV~ 
D. A. Wilaon ~ 
Pioneer I Projeet Manager 

0 
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l. SUMMARY OF PROJECT STATUS 

The proposed ownership reallocations have been proceeding 
very slowly and may result in a revision to the completion date. 
The biggest hurdle has been the reluctance of the state PUC to 
grsnt approvsl. These hesrings hsve drsgged out for over a yesr 
snd, unfortunstely sbow no indicstion of a fsster conclusion. -< Dewstering activities he ve slowed the tnstsllstion of """\ 

r_~ circulsting water pipe toa point where this work is virtuslly 
'-._3_... stopped. A lsck of chemicel additlves for the disposal water has 

- forced a cessation of the wellpoint procesa snd flooded· open 
, _pipetrenches. 

/ 
In arder to expedita production of "issued for 

~1 constructlon" drswings by tbe proJect engineering consultant, WAYLO 
~\ asaociates, authority has been granted for WAYLO to increese the 

\ level or temporery designers end drsfters to 85, 

The Pioneer Trails natura perk has been a very busy 
sttraction this summer. Over 200 visitors frequented the temporary 
information center, bringing the total to date to over 4,000. · 
Several eivie and educstional groups have indicated a destre to 
sponsor group tours of tbe proposed wildlife preserve north of the 
plant site. 

Soil testing ror the asb dtsposal ares is proceeding 
according to schedule. Preliminsry resulta show tbe possibility 
of a clay liner to prevent seepage rrom botb ponds. 

II. LICENSING 

Hearings are proceeding witb the DNR regsrding the 
impact or the railroad spur (corridor C) on the propossl Ploneer 
Traih Wildllfe Preserve. Railine Consultants, Inc. have been 
retained to develop conceptual plana for proceeding with alternste 
access rautas from the North-Soutb line. 

Preliminary findings from botb tbe DNR and tbe Corps of 
Engineers are lmminent concerning our applicatlons for waivers 
for the make-up water intake pumping station, 
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111. ENGJNEERING-DESIGN 

Approximately 71.2% of tbe basic engineerlng design ls 
completad, 82% of equipment'ls on order snd contracta have been 
let for 9)S of the constructlon work, the latter based upon dallar 

Spedric, detailed englneering progresa la given below: 

Equipment Specificationa 
System Descriptiona 
WAYLO Drawings ¡)..l...._:.,. 
Procurements 01V1"1,~fc."-

Total Nmnber 

306 

" J' 986 
217 

Completad 

272 

" 2,771 
178 

There were no significant changes in the required 
quantities of material during this month. 

f7\ A total of 92 unresolved Design Change Notices(DCN's) 

\:é) ~·='='~':':":':':":·~·;=;;~;:;;~;;;;;;~:;;;~~:;;;;;;;;;:;;;;;;;;=;;;;;;~"' 
@ 

~ Our field non-nuclear quality assursnce progrsm continuad 
to be effective in its inspection and reporting efforts, Significant 
nonconformance reports issued during July involved: undetermined 
qusntity of honeycomb csvities in the turbine pedestal, storage 
security, document control and weld inspection. These have been 
investi ated and correctiva action is bein lanned. 

IV. Cot!STRUCTION 

Construction difficulties continue for items on the 
critical patb, and during July three-snd-one-half weeks of added 
slippsge in schedule occurred. Difficultlea are primarily'in 
circulsting water piping, condensar erection, control room, cooling 
tower vendar aelection, rebar fabrication and placernent and 
misc~llaneous ste~l installation, 

Structural steel ereetion ror the turbina building has 
slowed due to modifications required in detailin¡ of vendar ahop 
drawings. Efforts are underwsy to resolve these delays; nowever, 
the complexity of the needed deslgn and general congestion of the 
work aress-ts· mnking a solution very difficult~- This is a eriticsl 
problem as we have scheduled the turbine building to be enelosed 
befare srrival of winter to perrnit instnllatlon of'turbine-generator 
equiprnent. 

The reeovery from the esrpenters' strike n Uny wss s ower 
expected and shortnges of cnrpenters snd pipetitt~rs hindered 

the bulldup in manpower, Although a shortage of pipefltters now 
exista, tbe rest of the manpower problema hsve been resolved and 

startu work on some buildin 1 ing is no• being affected. 

Some of the construction highlights during July included 
the delivery of the turbine generators, completion or the chimne7 
foundation, and expansion of the construction parking srea. 
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The summary below shows the status or maJar buildinga: 

!te m 

Control Room 
. •Turbine Bldg. 

' )' ,. •_' • Boiler House 

Current Status Changa Sinee Last Rep~ 

lost thiee weeks 
lost eight weeka 
lost two weeks 

\' \~Cooling Tower 
~,..,. ••. Crusber House 
· Precipttator 

17 weeks behind 
)6 weeks behind 
20 weeks behind 
28 weeks behind 

J weeks behind 
19 weeks behind 

lost f'our weeks 
gained-one-half week 
lost two' weeks 

\ •(Critical Path !tems) 

A suomary of' the total construetion work completad as 
f July )1, 1981 follows: 

Direct Direct 
Manhours Manhours Percent Change Sine e 
Estimated Earned Complete Last Report 

7,195,506 1,417,70) 19. 7 • 1,.02% 

Note: Under the ~anhour productivity evsluation plan 
instituted at the site, the percentege complete 
of eech task is based on physical evaluation of 
progre!ls. These figures are based upon the 
January 1981 construction estimate, but have 
been adjusted to exclude all indirect craft 
manhours. 

Peak Force During this Period (July 18, 1961 

l'IAYLO 
Contractors 

,,, 
190 

1,0~0 

Night 

6 

"' 
Constructlon Equipment Commitments 

Type 

Constructlon Cranes 
Earth-Moving Equipment 
Air Compressors 
Concrete Trucks 
Rented Crsnes 

Committed 

16 
24 
18 
ll 

4 

®~'-",_!~-'"''"'"ccAooo'~"~·c•c•_'_' ___ '_' __ •_•_J_• __ ' __ '_'_"_"_' __ '_"_'_'_'_' __ " __ '_"_'_' __ "_'_'_" __ " __ "_' __ '_h_• __ '_' __ '_'_"_'_"_' __ , T)'-: listed belo•: 

e 
Package 11 { Excavation) 

The excavetion contractor is substantially complete. l'/ork 
l:r continuin.g_ on the off ice bu_i1ding extension. 
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Package 12 {Site Servieea}· 

Dewatering has been temporaril halted. 

Package 15 (Struetural Steel Vender) 

Shipmenta of atructural steel are eontinuing. 

Package 16 (Superstructure) 

Work on the north and west walls of the turbina building 
continuas. Bagan installation of boiler house stairs and grating. 
Miscellaneous ateel in control room and flue gas ducts to elevation 
48 feet is in progresa. 

Package fl? ( Coal Handling) 

Erection o!' 
equipment ·continuas·. 
or bunkera continuea. 

conveyors 1s continuing._ Receipt of 
Work on primary crushers-has begun. 

Package #9 (Cooling Towerl 

crusher 
Redesign- · 

First draft of procurement speeification is In progresa 

Package #10 (Electrlcal #1) 

Subgrade grounding work continues. Construction parking 
lot extension 1ighting has begun. 

Package #17 (Piping) 

r;;;1 .,,_'-"~!Cec""cYc•c'_' __ ' __ '_'_'_"_' __ ' __ "_'_' __ h_• __ • __ b_•_•_" ___ '_'_"_'_'_' __ ' __ '_"_' ___ '_" __ ' __ '_h __ n_'_'_'_'_' ___ '_'.) ~' pipefitters. 

V. FINANCV.L 

The proJect is current1y preparing a revise~ Cash 
Requirementa Estimate. This eatimate w111 not be n.vailable until 
the first quarter of next year at the earlieat. Tabla 1 {attache~) 
ahows expected- cash- rlow·as determined from the 1976 estim11te. Also 
att11ched as Table 2 ia the Quarterly Cost Sucmary Report which 
det11ils the estimate, expen~itures and committmenta by FERC accounts. 
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Table 11 

Pioneer Unit I 

Estimated Construct1on Cash Requirements 

Expended through July 31, 1981 

Estiroated 

1981 August 
September 
October-~. 
November· 
December 

1981 (total) 

1982 

l98J 

Estimated Total 

2,600,000 
2,700,000 
2,900,000 __ 
3,000,000 · ·· 
3,100,000 

@< $290,000,000) 
• 

$ 14,)00,000 

58,000,000 

56,700,000 

$419,000,000 

Note: Includes allowance ror funds used during construction 
(AFUDC). UL&PCo. indirecta are not included. 
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Plant Costa 

Franchiae & License 
Land & Land Righta 
Structures & Improvemente 
Botler Plant Equipment 
Turbine-Genu•ator · 

P:qulpment 
Accessory Electrical 

Equipment 
Mi a ce llane ous 

Earnings & Expenses 
During Conatruction 

AFUDC 
Spare Parta 
Temporary Conatruction 

Facilities 
Conetruction Toole & 

E uipment 
uspense 

Eacalstion 
Omlssions & Contingencies 

PLANT TOTAL 

Pionee. o.lnlt. I 

Quarterly Project Coat Summary 

Current 

1,500,000 
1,000,000 

64,200,000 
40,200,000 

44,400,000 

15' 400' 000 

4.J00,000 
126,000,000 

1,800,000 

4,900,000 

6,200,000 ------------
JJ,OOO,OOO 
14,500,000 

. '. 

----------
2,000,000 
2,400,000 

' 
400,000 

200,000 

250,000 

----------

JOO,OOO 

200,000 
(400,000) 

--------------------

------------'.1 ------------
42,000,000 
26,000,000 

14,000,000 

10,000,000 

2,500,000 
22,000,000 

1,900,000 
6,700,000 

4,000,000 
J9,000,000 ------------
5,600,000 

-

1,900,000 
{2,100,000) 

------------

. ------------

17,000,000 

J,OOO,OOO 
2J,OOO,OOO 

),700,000 
6,900,000 

4,000,000 
106,000,000 

------------
5,600,000 

4,700,000 
{2,100,000) 

------------
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I. SUMMARY OF PROJECT STATUS 

In general, conat:ruction progresa on Pioneer I was 
satisfactory with the proJect now appro:ximately 34.7~ complete. 
However, critical p!lth itcms have.continued.to fsll behind __ _ 
schedule due to difficulty in receiving vendar prints on critica! 
equipment -and conges~ed· placements for reinforcin-g bars and 
structurel steel on naJor.,buildings ... The ·recovery schedule~ i 
following the carpenters strike in May is being implement~d and 
with manpower levels improving, st lesst a partisl recovery of 
schedule slippsge can be expected by the end of the year. 
Detailed status of construetion is shown on Figure 1 (attached). 

The proposed ownership reallocations hsve been proceeding 
very slowly and may result in s revision, to the cornplation date. 
The biggest -hurdle hes been the reluctance of the a tate PUC to 
grant approval. These hearings hsve drsgged out for over a year 
and;·unfortun&tely show.no· indicat'ion 'of. a raster 'conclusion.'.· · 

Dewatering activities h&ve slowed the lnatallation of 
circulating water pipe to· s polnt where•this work is vlrtually 
stopped; A lack of chemicar additives for the disposal water has 
forced a ceasation of the wellpoint procesa and flooded open 
pipetrenches. 

In arder to e:~:pedite production of "iasued for 
construction" drawings by the proJect engineering consultant, WAYLO 
associates, authority has been granted for WAYLO to increase the 
level of temporary designers and drafters to 85, 

The Pioneer Trails natura park has been a ve¡y busy 
attrsction this sumcer, Over 200 visitors frequented the temporary 
information center, bringing the total to date.to over 4,000. 
Several civic and educational groups have indlcated a desire to 
sponsor group tours of the proposed wildlife preserve north of the 
plant site. 

Soil testing for the ash diaposal aree is proceeding 
according to schedule. Preli~in&ry results show tbe possibility 
of a clay liner to prevent aeepage from both ponds. 

II. LICENSHIG 

Heari:1gs are proceeding with the 01/R regarding the 
impact of the railro!!.d spur (corridor C) on the proposed Pioneer 
Trails Wildl1fe Preserve. Railine Consultante, Inc. have been 
reteined to develop conceptual plans for proceeding with alternate 
access routes from the North-South line. 

Preliminary findings from both the DNR snd the Corps of 
Engineers are i~inent concerning our appl1cstions for waivers 
for the make-up wster intake pumping station. 
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111. EtlGliiEERING-DESIGN 

Appro:dme.tely 71.2S of the baaic engineering design is 
completed, 82S of equipment is on order and contracta have been 
let for 9JS of the con6truction work, the latter based upon dallar 
value. 

Specific, detailed engineering progresa -is given·below: 

Equipment Specifications 
System Descriptions ..... 
WAYLO Drawlngs-­
Procurernents 

Total Nurnber 

)06 

" 3,986--r 
m 

Cornpleted 

272 

" 2' 771 
176 

Th~re were-no significant-changes--in the required -
quentities of material durlng this month. 

A total of 92' unresolved Design 'Chsnge Notices ( DCI!' s) · 
are pending. 

Our field non-nuclear quality ·,.asuran ce program continued···' 
to be effective in its lnspection and reporting efforts. Significent 
nonconformence reports issued during July involved: undetermined 
qu,.ntity of honeycomb c"vittes in the turbine pedestal, storBge 
security, document control end weld inspection. These have been 
investigated and corrective action is being pl,.nned. 

IV. CONSTRUCTION 

Construction difficulties continue for items on the 
critical path, and during July three-and-one-hillf weeks of added 
slippege in schedule occurred, Difficulties Bre primarily'in 
circulating water piping, concenser erection, control room, cooling 
tower vendar selection, reber fabricstion end placement and 
miscellaneous steel instellRtion. 

Structural steel erection for the turbine building hRS 
slowed due to l:lodifications required in detRiling of vendar shop 
drawings, Efforts Bre underway to resolve these deleys; nowever, 
the compleJ<ity of the needed design and general congestion of the 
work areas is'making a solution very difficult. This is a critica! 
problem as we have scheduled the turbine building to be enclosed 
befare arrival of winter to permit installation of turbine-generator 
equipment. 

The recovery from the carpenters' strike in Me y was slower 
then eJ<pected and shortages of carpenters end pipefitters hindered 
the buildup in manpower. Although e short~ge of pipefitters now 
exists, the rest or the manpower problems have been resolved and 
only startup work on some building piping is now belng affected. 

Sorne of the construc~ion highlights during July included 
the delivery of the turbine generetor,. completion of the chimney 
foundation, end expansion of the construction parking aree. 
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The aummary below shows the status of mejor buildings :. 

ltem Current Status Changa Stnce Laat Report 

Control Room 
*Turbine Bldg ... L 

Boiler House ··-
•Cooling Tower. __ _ 

17 weeks behind 
)6 weeks behind 
20 weeks behind 
28 weeks behtnd -"•-­

J weeks -behind ---
19 .,.,,-eks behind.ir-"" 

lost three weeks 
lost eight weeks-_ .•• 
lost two weeks ... -~ 
lost four weeks -•-. 

Crusher -House-~­
Precipitator --~ 

gs ined.one -ha 1 r-· Week--­
lost two weeka . ...:_--

*(Cl"itlc!il Path Items) ' 
A summery ·of the total· construction work completed as--­

of July Jl, 1981 followa: 

Direct- Direct 
IJanhours t!anhours- Pereent . ··- Change Sin ce 
Esti~:~ated -· - Earned .• -

" Complete~-'-'- L11.st Report----
7,19~,506 1,417,70J 19.7 • 4.02% 

Note: Under the m•mhour productivity 'evaluation~plan :_ .. 
instituted at the site, the percentege complete 
of each tesk is bssed on physical evaluation of 
progress. These figures are basad upon the 
January 1981 construction estimate, but have 
been adjusted to exclude all indirect craft 
msnhours. 

Peak Force During this Period {July 18, 1981) 

WAYLO 
Contractors 

O•y 

190 
1,050 

Night 

6 

"' 
Coristructlon Er<uipment Co=it,ents 

Type 

Construction Cranes 
Earth Moving Equipment 
Air Compressors 
Concrete Trucks 
Rented Cran<!s 

Co=itted 

16 

" " n 
4 

Total 

"' 1,925 

On Hend 

" 20 

" 11 
J 

A summary of maJor construction packages and their status 
i~ listad below: 

Package n ( Eicavation) 

The excavetion contractor la substentlally complete, 
is continuing on the office building extension. 

l'lork 
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Package #2 {Slte Servicea)· 

( Dewatering has been temporarily h!tlted. 

e 

e 

Package IJ5 ( Structural Steel Vendar) 

Shipments of structural steel are·continuing.-

Package /16 ( Superstructure )~.! 

Work on the north and west we.lls of the turbine building 
continues. Began 1nstallat1on of boiler house stairs and grating. 
Miscellaneous steel in control roo,. and flue g11.s_ducts to elevatlon 
48 feet'.is in progress.---· 

Package IJ7 (Coal Handling) 

Erection 'of conveyors is continuing; Receipt ·or crusher· 
e q u ipmen t con t in u e a •• ~ .Work ,on pr im&ry.•crushe ra •has . be gun .·u: Redes i gn . "~ 
of bunkers•continues:·~~ 

Package 19 (Cooling Tower):::__.__ 

f!rst drsft-of procurel:lent specificstion is in progresa 
a.t WAYLO. 

Package 110 (Electrical U) 

Sub¡¡ra.de grounding work continues. 
lot extension lighting has begun. 

Package 1117 ( Piping) 

Conatruction parking 

Yard piping work has been atopped due to a ahortage of 
pipefitters. 

V. FINANCIAL 

The project is currently preparing a revisad Cash 
Requirements Estirnate. This estirnate will not be av!lilable until 
the first quarter of next year et the esrliest. Table 1 (attached) 
shows expected cesh flc• as deterrnined from the 1976 esti~:~ate. Also 
attached as Table 2 is the Quarterly Cost Summary Report which 
detsils the estimate, expenditurea and committments by FERC sccounta. 
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Table U 

Pioneer Unit I 

Estit:ated Construction C!tah Requirementa • 

.Expended through July )1, 1981 

EstiiD!lted 

1961.-. August~-" 
Septe~:~ber 
October"~-~~ 

November­
December 

1981'{-total):>:' 

1982 

1983 

Estimated Total 

• 

2,600,000:~~ 
2,700,000- -
2,9oo;ooo1mn 
J,ooo,ooo--­
J,lOO,ooo 

~290,000,000 

$ 14,JOO,OOO.:n~ 

~s.ooo,ooo 

56,700,000 

$419,000,000 

Note: Ineludes allowance for funds used during constru'ction 
(AFUDC). UL&PCo. indireets are not included, 



Account 

]02 
]20 

'" ]22 

"' '" ,, 
981 
982 

'" '" 
985 
991 
992 

"' 
"' 

Plant Costa 

Franchise & License 
Land & Land Rlghts 
Struotures & Improvements 
Eoiler Plant Equipment 
turblne-Generetor 

Equipment 
Accessory Electrical 

Equipment 
Miseellsneous Power 

Plant Eq•lipment 
Engineering & Consu1tento 
General & Administra ti ve 
Other lndirect Costa 
Eerninus & Expenses 

During Construction 
AFUDC 
Spare Parte 
temporary Conatruotion 

Facilities 
Construction Tools & 

Equipment 
Suspense 
Escalstlon 
Omtsaions & Contingencies 

PLANT TOTAL 

.. , 

Tr ·'! 112 

Ploneer Unit I 

Querterly ProJect coat Summary 

t,, ,. ; 
Current Expen-ded !o 
Estlmate Thls Quarter 

"•1< ' 
1,500,000 ' ----------
1,000,000 ----------

64 '200' 000 2,000,000 
40,200,000 2,400,000 

1 ~1 r 
44,400,000 400,000 

15,400,000 200,000 

),500,000 1,700,000 
41,600,000 1,000,000 
4,500,000 .150,000 

12,000,000 250,000 
;. ~ ( i 

4,)00,000 ----------
126,000,000 ----------

1,800,000 ----------
4 '900' 000 )00,000 

6,200,000 200,000 
------------ (400,000) 

JJ,OOO,OOO ----------
14,500,000 ----------

• 20( 

Total Expended 
Through 7/Jl/81 

;¡· ---~--------1 
42,000,000 
28,000,000 

' ' 
14,000,000 

10,000,000 

2,500,000 
22,000,000 

1,900,000 
6,700,000 

' ' 
4,000,000 

)9,000,000 
. ' ------------

' ' ' 1 
5,600,000 

1,900,000 
(2,100,000) 

------------1 

$175,500,000 

' 

Total Committed 
end Expended 

Through 7 /Jl/81 

66. 700' 000 
44,200,000 

)9,800,000 

17,000,000 

J,OOO,OOO 
2),000,000 

3,700,000 
8,900,000 

4,000,000 
106,000,000 

5,600,000 

4,700,000 
(2,100,000) 

$)24,500,000 
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• - - - - - SELECTJVE CRITIQUE - - - - - ·-

Utility Light ~ Power Compsny 

Pioneer Unit. I v • 

Progresa Report ·ar 9/28/81 

The following comments spply to correspondingly numbered 
mar k ing s · on t he • Pi ene e r AUn i t ~r •progre s s ~report fo r • t he mont h end ing _..._, 
July, 1981. 

1) There is e two-month-lsg from the end ·of the reporting 
period'to lssuance·or the report-: ·considerin¡;'the-· 
significance. or the ioformation .given about .the project •. 
in the·report, this'is too long~ 

2 ) Thi s"-prob lem_llnd ~1 ts ~tmpa<: t ~are" des e r 1 be d. ver y. 
sub J e e ti vel y :"-.1 ~lt say s o::. thi ng s~ l:!a ve •be en es low •but twe ·.·:e 
hope ·they 'will• 'ge t _b et ter '1 e ter 'on n :-•·'Th 1 s' prob l e1:1 ·, .... 
should be thoroughly explained. Cost and schedule impact 
(backed up by actual numbers) should be given, as 
well asan outline or the corrective action, if any, 
planned: 

The ~recovery schedule~ has been alluded to here as a 
new schedule, but nowhere else in the report is it 
mentloned. Has S new schedule been adopted? · l'.'hat 
is 1t? 

J) As in (2) above, the problem or dewatering is defined 
very subJectively. No cost or schedule impact is given. 
As this la merely a summary, this treatment may be 
satistactory- but we should expect a detallad discussion, 
containtng quantitative information, later in the report. 
Unfortunately it doesn't exist. No information is given 
concerning the reason for the lack or addittves, how 
long the problem has existed, how long it is expected to 
exiat and what correctiva action is being implementad or 
planned. 

4) WAYLO's job-shoppers have increased- how msny were added? 
What ls the status or drswing production? How many 
additional manhours (at what cost) should it take to 
bring drawing production back on schedule? 

5) It would be interesting to know how these precise 
percentages were obtained. 

6) This engtneering progresa section ia worthwhile in that 
it do es detall progreas "o y engineering product (as 
opposad to level of effort or man-hours expended). 
However, it doesn't relate the products completed to 
the number scbeduled (or budgeted) for completion either 
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ror the reporting perlad or to-date. What it saya 
la:~ "Here's the number of items to be done over the 
elght year proJect, and here's.what we've done so ~~ 
far.w Thls glves no early warning or estimated-to­
complete informstion, nor doea it measure performance 
of the engineering effort." In addition, it aays .. _ 
nothing of coa t.-~ Note-tliat,"Engineering· and..-,.,, 
Consultante" (sccount #981 of Tabla 2) is a $41,600,000 
cost _i te m. and~tllB. t-: one:..mill i"c:i·ri..:doll'al's-we re- e l<pen d ed-~ 
for-it during"the month."""'"lt-is li·maJor"candidate•l'or·· • .­
control and perl'ormance reporting.' As such, a baseline 
budget should be prepsred, actual progresa accumulated, 
and accomplishment measured both in terma of cost and 
a che dul e:.:.. Va ri snces-:shoul d .. be i de nt i fie d··and~-- ~ 
corrective sction described and estimatea-to-complete 
should be listed. 

7) Thia' Could be a very serious or a minar problem. 
E:. cept 1 on reporti ng-•1 s needed ~to 1 sola te . si gn 1 nC a.nt _..,. • 
DCN issues. Additiona.l~informa.tion 'is required to 
describe: 

the fnumb e r' of DCN '.'s' 1-i s su e d- t o'- da te'·'· ~e . 

the nue~be r of · DCN' s" re a al ved •( an d- in forma ti on · 
concerning the significant ones). 

the number of DCN's issued during July. e maJar sources of nonconfor!:lances. 

8) This short paragraph brings quite a fe• ~:~ajor proble¡:¡s 
to our attention, yet does not e:.plsin their impact 
nor detail the corrective sction thst is "being planned". 

9) As in 2) above, more impa.ct data is required, along with 
corrective action. Msny questions remain unanswered, 
i.e.: how long did the strike last, what did it impact, 
why is the recovery slow {how slow1), how great are the 
manpower shortages cited (number, percent, etc.}, What 
can be done to alleviate this problem, wliat effects will 
corrective measures have, ho• much will they cost? 

10) This aection describes ho• late some majar buildings are 
so far. Three primary deficiencies are apparent: 

a. The progresa, by building, does not match the 
formst by whicb the work is performed (see 
discussion of construction packa~es, page J} 
nor how costa are estimated {by ERC account, 
table 12). Meaningful comparisons between the 
three sre imposeible. 

b. Other m&Jor construction activities are ignored. 
These include: piping (there is a sbortsge of 
pipefitter welders, tell us how thls majar 
activity la doing), electrlcal work, circulating 
water system, majar equlpment 0 turblne pedestal, etc. 
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While not pertaining to any particular 
atrueture·,-.these ltems are aignifieant"a.nd 
eould easily lie on the critieal path. 

c. Again, no information concerning esti~ate-to­
complete (will thinga get.better or worse?), 
no resaons.for.delay snd no outline.of ·-· 
correctlve action. 

11) Tllis.summary glves the appesrsnce·that·an "earned value"••• 
approach is being taken regarding constructlon manhours. 
However, it ls not. e:xplalned whether theae figures 
reflect proJect to-date or merely the current reporting 
pe r 1 od .'·- · Comps r i son a be t ween- planned -and .:-se tu al·- c.snhoura--=:- . 
are missing: No actual or budgeted costa are listad. 
No vsrlsncea are listad. The following !tema should be 
reportad in order for-•an "earned-manhour_evaluation .. --. 
progra111" to have merit:-

budgeted manbours}· 
actual manhours 
earned.manhours.:,·· --, 

both to-date 

""' thi s ";peri od _.:u 

varianCes ~-cs } 1- costcand.·schedule.ul" 

estimste-to-complete 

Where msJor vsrisnces exist, detsiled report isolsting 
thelr causes ahould be avsilsble, as well as correetive 
action outlines. 

12} This information has very little vslue. L!ke ~:~any of the 
other data given in the report, it only indicates the 
peak force. Manpower losding curves could be used to 
isolate resource constraints in the sggregate and by 
construction crsf"t, as well as to ahow trends in stsffing 
ability. All we know from this listing is the grestest 
number of bodies on the project for some particular dsy. 
Strikes and msnpower sbortages have been alluded to 
earlier in the report. Wbst is their magnitude? l'fhich 
crafts have been affected? Ho• long have these 
conditions persisted and how severe have they been? 
How will the manpower loading sppesr in the future? 
How will this compare to requlred manpower, by crsft? 
Manpower losding curves would give this information. 
Aleo, participante should know: How many shifts are 
being worked, what is the resulting productivity; how 
much overtime is being used and to what effect; what 
crafts will he heavily needed in the future, snd will 
they be svsilable: Why does WAYLO have one man for 
every 5i contractor men during the day and one man for 
every 145 st night. Are these numbers mi:¡:tures of direct 
snd indirect, (manual snd nonmanual), etel 

13) No variances are eiplalned. No cost data are given. For 
construction equipment, the word ~committed" could mean 
scheduled, required, promised, or paid for. What doea 
thia data tell ua? By the saee token, what doea "on hand" 
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mean? 
out of 
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Could all equpment be on hand yet 'OJ of it 
aervice due to maintenance, repaira, etc. 

14) Please note comment (10). Almost no quantitative 
resulta are given. Throughout this narratlve we 
learn.that.a lot of work has.Hbegun~ anda lot of 
work "continues".·· This tells virtually nothing of 
ita schedule status. It tells absolutely nothing 
regarding cost.-~ . 

15) See comment {J) above. In addition, no status of 
piping work is given. No objective 
information the progresa of thia 
contractor.;.to a·~atatua;-or correctiva-: ..... 
action plana to work around the dewatering problem . 

• 
16)~Item .. (lO}~tells .us that..:.the .. cooling_tower. is 28 weeks. 

behind schedule and that it lies on the critical path. 
Apparently; WA'!LO•is·28 weeks-behind -in prepsring ther-...~ 

bid specificstions. Here we find out that their 
apecificatlon is in pro¡ress? When ls it expected 
to be complet ed ?..._. How-"-1& te • i 11'~t his-' put -the oc oo1 :i ng '•_­
tower .. construction ionce••it begins?r"What-fis being :done-.:;:¡c 
to expedite -Vo'AYLO? :..: : 

17) See items ()), (9) and (15) above. Earller we are told 
that circulating water pipe insta1lation has been 
halted due to the dewa-:.ering problem, and here we 
find out that all yard piping has ceased due to a 
shortsge of pipefitters! Agsin, how great is the 
shortage; how long has it persisted; how long should 
we expect it to persist; what will it do to our project; 
and what can we do about it. This points out the need 
for exception reporting. This item, along with its 
extent and Ímpact, should be hesdlined up front. 

lB) A Hcash rec¡uirements estimate" should be prepared more often 
thsn yearly. 

19) 

20) 

The amount expended through July )1, 1981, shown here, is 
drsmaticslly different from thst shown on Table 12 
(see item {26)). 

Note the inconsistency among the treatment of AFUDC and 
UL&PCo. indirecta between Tablea 11 and 12. In general, 
cssh f1ow reporting format should agree with cost 
reporta and any deviations should be fully explained. 

21) Agsin, no performance data ls given. No budgeted to-date 
or this period; no variance; no eatimate-to-complete. 

22) See oomment (10). A cost summary by major property 
accounting code is virtually use1ess in understanding 
performance of the project. 

'3) Committed and expended amounts ror 
lllready exceed tbose estimated, 

accounts )21 and 322 
Scme explanat1on_of 
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these accounts is in order. In particular, a variance 
anslysla ia required and it should describe the·· 
estimate-to-complete for structures and improvementa -~ 
and boiler plant equipment. 

24) See comment (6) ..•. 

25) These items should be disturbing. What is "suspense"? 
Wha t- 1 s the -e o st- i te m-~' o miss ion s~7.:. There~ appear s ... to~­
be no reserve or "contingencyn·other than"on-the-gross-~• 
project level. Recommend contingencies, as well as 
escalation, be identified with the cost item they 
perta in to and. their. use monitored. This report says 
t ha t: no cont i ngen e i es- nor:e s cal a t 1 on '"amoun t s ha ve. be en---­
expendedor committed during the first four.years of 
the projectl Recommend a reserve management program be 
implemente d :_...: 

26)-See comment (19):~ 

27) It appeara that the forecast has been changed to match 

28) A 

the o a ctua 1-percent. complete-to-da te ~somet ime o in e a rly.r..:i ~­
l980;15"Howr·artenlis this:done?.ncWhat·:.use,is it t'o to ·• 
compare • a e tu al s to forecast- when-the .1 a t ter.- i s-changed.:,;: ... _ 
to match the formar. 

significant variance has occurred during 1981. The 
effect on "estimate-to-complete" (which is not shown) 
demanda further explanation. This graph is difficult 
to read, and no numbers are listed for project forecast 
at the end of lhe reporting period. 

-
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WBS fLEMENT DESCAIPTION 

was el•m•nt ti!!" WBS olemont no. 

COOUNG TOWER 03.04 

Pmnt was No.: 03 WBSiev.¡ 
l'lrent WBS titlo: 

TURBINE GENERA TOA EOUIPMENT 3 

Pr~nm: Controct: 

600 MW FOSSIL UNIT 
. 

BOILEA - TURBINE . 

WBS olomont doscri~tion: 

A singla unit, hyperbolic natm:al_ draft wet cocllng tower, ccnrtructed of- . 
' reinforced concrete, complete with basin, pumphouJe, core and 111 associated 

; ' ; 

mechanical and electrical oquipment and control l. This element doet NOT 

' e include the drculating wator pipe, The interna! piping and dirtribution 

system (induded) begin1 at the thrurt block• of inlet of CW piping and ends 

et outsido of lace of collector basln flume. . 
. 

. 

( Revi<ion no.: •• • WBS olomont no • 
Aovilion datt: 

" " 03.04 
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600 MW FOSSIL UNIT 

WORK BREAKDOWN STRUCTURE. 

CASE PROBLEM #2 

:.- The Utility Light and Power Company plans to build a new 
600 Megawatt Fossil. ünit. The unit ht_S,,:':'een designad, but 
the Vice ·President for Construetion w·ants socething which he "'· 
saya "bree.ks all the work· down into manageable pieces so I 
can make somebody responsible for eaeh piece." He al so wants 
to use this ~to decide what work the utility will do and .,.het 
it will contract out." The ProJect Manager haa"told your teal:l 
"Vi'het the boas wants is a Work Bree.kdown Structure. I think it 
ought to go do~o·n about three Icvels". 

PROBLEU 

Based on your experiance with power plant construction, construct 
a Vi'BS. You will need to conaider at least the following ele¡:¡ents: 

l. Boiler Plant Equipment 
2. Si te Improvements 
J. Steam Generator Equip~:~ent 
4. Turbina Generator 
5. Raceway System 
6. Intrasite Comi:Junicationa 
7. Project Manage¡:¡ent 
8. Turblne Generator Equipment 
9. Plent Fire Protection EquipJ:Jent 

10. Generator Bus Systel:l 
11. Site Servicell 
12. Turbina Building 
13. Hyperbolic Cooling Tower 
14. J,!iscellaneous Equipment 
15. Structures and li:Jprovecents 
16. V"nt and Drai:o System 
17. D. C. Systel:l 
18. Consenset~ Syatem 
19. Precipitator 
20. Instrumentation 
21. Sewage Tr~atment System 
22. Chemical Wasb System 

23. Project Services 
24. Pondll, Intake/Discharge 
25. Cosl Handling System 
26. Condensing SysteJ:J 
27. Grounding System 
28. Service Air Systec 
29. Home Office Services 
JO. Per1:1anent R. R. System 
31. Circulating Water Syate!!l 
32. Central 1iacuum System 
33. Accessory Electrical Equipm.,nt 
34. Wet Ash Handling Systel:l 
35. Central Plant Control System 
36. Start·Up 
37. Stesm Generetor Building 
38. Crane 
39. Control Room 
40. A. C. System 
41. Feed Water Sys~em 
42. Mise. Power Plant Equipi:Jent 
43. Nitrogen System 
44. Ash Handling Facility 
4,. Si te Fire Protection System 
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Ass~~<gptions: 

600 ]1egawatt Fossil Unit 

ENGINEERING/DESIGN lo'BS 

BACKGROUND l~tORNATION 

Utility hu hired'a typical ArchJtect··Engiñeering Firm (A/E) to 
dosign the 600 11\o' Fossil Unit. As such, the A/E's scope o! work 
includes all the pure. design end coordin!l.ti011 of vender dni&ns:_,,~ 
and sub~issions"(shop-dra~ings; O&M Hanuals, etc.) necessary to. 
procnre, construct, and opente the facility, 

As the Utility CCHcp!l.ny_has decided to be its own Project_Hanager.:._. 
and control the project' itself, it will reuin responsibility 
for project_ services. in. the heme. office and at the site.•-~­

Ho~ever, it is assigning soce design·related activities to the 
A/E. Principal """ong these is Licensing (permits, studies) 
Support. The Utility will perform its "''"' procure<Dent, lab<>r 
rehtions, safety,- QC, contract adnoinistration, scheduling, .< 

estú:leting·, account!ng;.- construction- management,- "te;·- The · 
Project En¡inur (ludA/E penan) and bis people ~ill integrate 
!nto the Utility's project organizatíon, reporting te the Deputy 
Project Hana¡;er. Tha A/E will also have "liaisOn engíneeu" at 
the site, once construc~ion begins, who will supplement tbe 
Vtili~y's rRuident Engineering stef!. Liaison Engineers will 
interface with the A/E's horae offica effort "'hen field 
engineering problems occur, i.e., !Jhen something can't b" 
constructed u designed and quick fhes are needed. 

Developm"-nt o( Engineering lo'BS: 

A besic inconsistency al~ays exists ~-hen applyin& ~'BS criteria te the 
activities of design and construction o! 1 power plant, This is hecausa a 
project iB designed by SYSTEH, yet connrueted by STRUCTlJRE, EQUIPHE!otl', 
C0?1P0Nf:NTS, ll!ld CO!!?iON SERV!CES. There is no one•to-one conehtion between ~'BS 
elements used to define the desiKn and construction processes. For this reason 
it !s difficult te establish control accounts, nul!lbedng sche .. es, etc., .:hicb 
~ould spllll both. 

It is beneficia!~ if not "uential, thorefore, to Utablish control 
systems, over designas well as construction, ~hich are cocmensurate with the 
way the work h done =d end·product·oriented. Just as our construction ~'!!S is 
product•Oriented (foundations, structural steel, elevators, cabletisy), so is 
our design W'BS. The products o! the design ef{ort are essentially dra~ings and 
sped!ications, and the d .. velopment o! these products --S!!_! be monitor .. d ~ith 

pro¡;reu, and cost .,easured against outablished standards. Earued Value can be 
_cllcuhted. 

In thllt an A/E contnct is typically cost·reimburseahle, it is a prime 
candidata !or applicltion o! Performance Heesurem@nt technic¡ues {ore cost and 
schedule control. 

. '. 
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Tha design ~'BS dopictod here is bas..d en the systems c=only enc.ounteud 
in a fonil un!t destgn. Although nomenclature mey vary from ene user to 
anotbor, the 'o'BS ]e\•e!s descend fro:o "groups of systems" to "systems" te 
"subsystems." In arder te reach a product-or!ent~&d le.vd, ""- bave exUnded the' 
WliS to tyPes of drawings and specifications, arranged by engineering discipl ín .... 

All &ctivitiu conduct"d by· the A/E ue not directly .a!loeobh to• 4"' : 
specific system. For thiJ re a son we have · estahlished ·a.~'corE; · activiths ·: •. ~ · 
ehment at level Z o!"our ~'l!S, !tems such as Licensing Support, Records 
llanage111ent, etc., are in<:luded in this element. 

Although iLmay appur udious to break down the engineedng procus to~ · ,. 
sucb an extent, it hu mo.ny benefits. Amen¡ these are: 

Com:oon bnis for work ~ssigru>ent;- progress rneasuament &.uporting.-. 

Built-in Unique Identification System for drawings,.specifications,~~ 
equipment lists, etc. -

Aids communication between A/E and Utilíty. 

Once done,-c"-n be-used for o.ny pmoer phnt"conuruction"project­
(trllllshrable). 

Rather thllll present llJI •ntire \o'BS scherne for a fossil unit to the lo..-est 
hvel of detBil, we bav• shOim tWo paths "'hich reach elements assochhd wüh 
our case study ex...,ples (Exhibits 1 & 2). Examination of both patbs will 
demonstrate the incompatability (on•·to•one) of en¡ineering and construction 
IIBSs in our condenser example. 

In order te show the relationship hetween the lo'BS and the engineering 
org.o.nüation (Exhibit 3), a piece of each is IUatched ..-he re worlt ís pador10ed on 
condeoser syste'"s design (Exhibit 4). 
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PACKAGE 

e -18 

(WORK DEFINITIDN) 

SCOPE DOCUMENT 

PIONEER UN IT I 

Installation of. Circulating Water System. 

General Deserlption of l'ork - · 

Sheet 1 of J 

Install Q;rner-furnished underground oirculsting water pipe from eondenser 
to e ool iug •. tower , .. make-up- sy stem end- intake struc tu re incl ud ing e:z:c ova- ,; -­
tion, sheething and backfill. 

A. Sco'Qe of Wo::ok: 

l. E:z:cavstion of pipe trenches. 

2. Local--dewsterlng: ·-

J. furnishing and installing trench sheething. 

4, Instelling end connecting to tbrust hlocks. 

~- Furnishing snd installing pipe hedding. 

6. Installing the underground circuleting water piping from the 
condensar to the cooling to•er. 

7. Instelling circulating w11ter make-up piping syatem. 

S. Installl.ng underground au:rill.ar:t cooling water piping system. 

9. Installing underground .circulatl.ng woter blowdown piping system. 

10. Furnishing and installing fill material. 

11. Test!ng of all piping systems !nstallad. 

B. Technlcal Specificotions Reouired: 

No. J94 C:lrculating Water Systel:l Majar Ysrd Piping. 

No. 107 Earthwork (!ncluding e:zcsvotion, shesthing, pipe bedding, 
des!gn, local dewatering, compactlon, and backfill). 

No. 166 Structural concrete. 
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B. technice.l Specifice.tions Requtred 
(Continued}: 

No. 186 uiscellaneous Steel Feb. end delive.r •• ..,.~-

No. 188 MiscellaneO':lS Steel Erection. 

No. 219. Reinforcing steel;'"' 

C. Dra•ingl.l Reouired: ••· 

Sheet 2 of 

Discioline Sub IdentificBtion 

Layout 

Piping 

Structurel.Concrete~~~ 

Civil 

Structurel Steel 

Standard 

D. Attachments Reouired: 

l. Geological Survey. 

Plot Plena 
Ground Floor Plena 
Croas Sections 
Pleno snd Sections- Pump Structurea-· 

Circulating water System 

ctrculeting Water -system··~ 

Circulating water System 
Plot Plana 
Site Prepsration 

Circuleting Water System 

Concrete 
steel 
civil 
Piping 

E. Closely Related Work Not Included: 

l. Furnishing circulsting·•eter pipe including bifurcotionl.l. 

2. General Aree De•etering. 

J. Furnishing end instell tng ~:~echenicsl equipr:~ent ( including pumps, 
screens, etc.). 

4. Cooling l'o•er Pmnp House Constructlon. 

5. Coolin¡¡: Tmrer erection, including basin. 

6. Condenser instellation. 
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Cloaely Related Work Not Jncluded 
(Conttnued): 

Sheet 3 of ~ 

7. Installing circulettng water and blowdown piping from oondenser 
to terminal polnt of underground thrust block. 

8. Turbine Building Foundation. 

9. Interseoting yard piping syate.,a .. _ 

10. Piling. 

11. Supply and delivery of concrete to oontractor's receptacle at •· 
grade elevatton. 

12. Intake .atructure coostruction, ___ _ 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

WORK DEFINITION 
...... '''"" ... "' 

IT IS: 

WORK DEFINJT/ON 

WORK BREAKDDWN 
STRUCTURE 

A PAODUCT-OAIENTED lOGICAL SUBDIVISION 
OF PlANT, EDUIPMENT, SERVICES ANO 
OTHER TASKS THAT MAKE UP THE PROJECT. 

-"'""""""'"' 
1 r;;- 1""-:.-.. ~ - --·-· ::1::. .. ¡---; 

"'"'"' ""'"'"'" ,..,_,,, 
••• 1' --·--· """' . --... __ . ___ ., __________ 

-------·--·----.. -- ____ ...,_., ___ 
-- ""---------·-·· _____ .. ______ ._ ___ 
--- -·=r:'"---- • ~ ... 

• eo.,,,.., """ 
A~THUR A"0ER$E~. CO,HUMP><REnl ASSOC10TU 

"' "'""• ...... ..,_ 

1 

' . 

WORK DEFINITION 

¡¡j PROVIDE A METHOO FOR 
ORGANIZING THE PROJECT 
WORK SCOPE 

[fj PROVIDE AN EXAMPLE OF A 
600 MW FOSSIL UNIT 
STRUCTURE 

WBS DICTIONARY 

''=-~ 
ELEMENT 

DIFFERENT WBS 
FOR EACH PHASE 

oh ENGINEEAING DESHlN 
BY SYSTEM 

CONSTRUCTION BY 
DISCIPLINE OR AREA 



1 "MANAGJNG INDUSTRIAL PROJECTS". (MIPS) 
WORK DEFINITION 

... 
Ofi'El ........ 

v 

"'ut"LUUJT 

"~"-'"/' \.-t_'----1/ 

THE ITERATIVE PL.ANNING 
PRDCESS 

.... .,.,. 
1 CONCEPT 

' 

DESIGN 
WBS 

1 
. 

IPREUMINAAYI 

'DETAlL DESIGNI 
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OESION•CONSTRUCTIDN INURF,.CE 

- ------=--- -

RESOURCE ANALYSIS 

• TECHNtCAL SPECIFICATIONS 

(BUILDING BLOCKS) 

• DRAWINGS 

• FBO MATERIAL & EQUIPMENT USTS 

e--- ::":': --..:.. - __ , 

CONSTRUCTION PACKAGING 

• PlANNEO DIVISION OF THE WORK 

• SCOPE DOCUMENTATION 

• CONTRACTS OR INTERNAL PACKAGE$ 
(COLLECTION OF WBS ELEMENTS) 

PRODUCT- USEA IU,PPI"'G .... ~--
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600 MEGAWAl'T FOSSIL UNIT 

RISK ANALYSIS 

-CASE PROBLE!.! 13 

For the functions specified by the instructor, discuss the 
following items in your group: 

l. Based upon your knowledge of or experience W'ith the 
function, .. hat issues are likely to be importsnt rc¡¡arding: 

s. Technical risks. 

b. Schedule risk. 

c. Cost risk. 

2. Besed upon these issues: 

a. 1\'hat contracting form(s) are _¡;¡ost likelY desirable to 
the owner and why~ 

b. What contrecting rorm(s) are most likely desirsble to 
the contractor and why? 

c. Yihat level of superviaion by the oYner or construction 
manager Yould be needed and wh;ir? 

d. 1\'hat factors are importsnt for cost inforcation and 
control: 

(1} for OYner? 

(2) for contractor? 

-1-
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CONSTRUCTION PAOJECT MANAGEMENT 
SYSTEM DEFINITION REFEAENCE MANUAL· 

APPENDIX D 

SELECTIVE PROJECT CONTROLS 

C><APTEFIAP.X-D P~GE 1 



CONSTRUCTION PROJECT MANAGEMENT 
SYSTEM OEFINITION·AEFEAENCE MANUAL 

Cf!~PT(I>APX-D 

(Xf!IBIT 

One of the underlying concepts of the Conatruction Project 

!.!ana¡e!:lent System is the application of contract controla on e selectlve 

basis depending upon the risk asaocietcd with e speciflc contract and 

the type of service or product being provided .. 

:E:tecution of the control approach should include a 

description, In each request for proposal (RfP), of the control end 

reporting requirementS·•tO which ell contractors wlll be subjecte<\. __ In 

eddition, a speciflc risk analysis should be perfor!:led en each aelected 

contrector prior to negotiation and aigning of a written contract.­

Based upon the resulta of the risk anelyals, a speciflc cóntrol program 

should be developed for the contractor and, where appropr:!ate, the 

' 

reporting and control requirements will be lncorporated in the ter!lls , 

and conditiona of the contract. 1 

A general liat of control techniques is provided below, along 

with a brief descriptlon of each. An overall Selectiva Control Profile, 

which is provided in Exhibit D-1, relates the various con-¡,rols to the 

mejor types of contracta, servic~s, and apecial conditiona which may be 

encountered. This profile representa only a guideline and muat be 

expended and tailored as each sp~cific situation is addressed. The 

various types of controls may be epplied by an owner or bis 

representativa to all contractors or by a !llBjor contractor to 

subcontractors. 
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CONSTRUCTION PAOJECT MANAGEMENT 
SYSTEM DEFINITION REFEAENCE MANUAL· 

CHA.PTER APX-D PAGE J 

EX><111•T 

. Change Control. A program which keepa changes (contract, 
budget, schedule, etc.) toa minimum and insures that all potential 
changas are {l) recognl:ted at the earliest possible point, (2) 
thoroughly evaluated in terma of cost, technical performance 11nd 
schedule il:lpact, and (J) approved or d1sapproved at the proper 
level in the o'rganizlltion . 

. Schedule Control. A series of procedures and reporte 
designad to provide early warning of potential delays in contract 
perforl:lance so that the cause of the delay can be properly 
evaluated and the necessary corrective action tsken to keep the 
project on schedule . 

. Retainage. A pOrtian of the contract price may be ~lthheld 
by the owner until the oontractor has substantislly completed hia 
performance under the contract. 

ts in the terms snd 
or penalties 

'" 

. Work Packaglng. A control technique which segmenta the 
projeot or contract into manageable units of work based on ho~ the 
work is to be accomplished. Specif!c or!teria inolude visibility, 
single responsib!lity, limited duration, and defined st!irt snd 
completion. The princip~l obJ.,cttve is to tnsur" that contractors 
have a aound basis for evaluating the progresa of the!r ~ork snd 
ident!fy!ng variances and potentlal problecfl et an early point in 
the contract. 

to tne 

An and periodic revie~ of" the 
a contractor, CM, A&E, 

to that the wcrk is being 
snd that r"liance can be placed on 

aubmitted by theae comp!iniea. 

Reportin~ Freguency. Relating status reporting 
degree o risk inherent in a contract. 

frequency 

Control of Personnel Assignments. Contractual agreement 
stipulating thst the owner, or bis representative, w!ll approve 
tbe assignmant and ·transf"er of all key project personnel. This 
particulsrly spplies to contracta where the e~perience of selected 
personnel is critical to the success of the project. 



CONSTRUCTION PROJECT MANAGEMENT 
SYSTEM DEFINITION REFERENCE MANUAL 

CHAPT(R APX-D PAGE 4 

. The 

contracta snd the 
••i th contract terma 

Control of Contractor Procurements. When the owner is 
required to reimburse the contractor for equip~:~ent snd ¡:¡aterial 
which is procured by the contractor, the equipment specificstions, 
vendar bids, delivery schedule, etc,, ahould be :ceviewed to insure 
thst the procurement-cycle is perfort~~ed in a cost-effecti•;e and 
efficient manner. 

:~f!11t;!l~~¡J];1[:;1[[!¡]~¡:¡;~¡¡1[~~::1!~~; In situ~tions .~1 contr11.ctor 
(basis of 

progresa reporta.- (Relates-
to wor]¡ above . 

. Design to Coat. costa at completion should be periodical:y 
reesti~:ated during the design phase to insure that the project can 
be completed within plenned costs . 

. Verification of ?.eported Quantlties. On contracts involving \... 
unit pricing, all reported quantities ahould be verified prior to 
spproval of submittul ir:voices . 

. Review of Contracto!" Systems. Contractor accounting and 
project control sYatems should be reviewed s~d evaluated for 
adequaey of controla and ability to satisfy the owner's inform&tion 
requirements. Any needed enhsnceoents should be incorporated by 
the contrector. 

, Early Quotes/Purchsse Orders. Quotes snd, where possible, 
early comcti tt:lents should be obtained for long leed and escalation 
sensitiva l'later.lsla and equipment as soon as thelr require¡;¡ente 
can be determinad. Th~ objective is to obtain early cost 
visibility and ~:~inimize the cost impact of inflation, 

. Special Eacalatio~ Reporting. For contracts involving 
escalation reimbursement, resource trend reports and other 
techniques should be utill~ed ":.o monitor the escalstion rste of 
selected resourcea end establish a forecasted cost at coopletion. 

' 
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CONSTAUCTION PROJECT MANAGEMENT 
SYSTEM DEFINITJON REFERENCE MANUAL· 

CH~PTERAPX-D 

RéVISI(lN NO 

P~GE 5 

includea, 
output for conformance·to 
engineering docucentation 
status. 

A progre.!!! to 
project: This 

to, revie•ing design and engineering 
original concepts and insuring that all 
ultimately reflecta the "as built" 

,, in compariaon 

. For nonfixed-price contracta, 
of effort work 1~ lnvolved, 

periodically report actual 
planned levela. 

This is si!!lilar to the 
·;,,;; all resources being 

On-Site ExpeCitir.g. The owner !!!ay provide on-site expeditlng 
of contractors or vendara at remate locations to help insure timely 
avail&bility of required equipment. This would particularly apply 
to equipment •hich is highly developrnental in nature or where there 
is li~ited capacity ro~ ~anufactu~ing the p~oduct. 

cost-~eimbu~sable contracta, 
. __ ;··to standard ratas and all vartances 

aubmi t 

'"""~:;:t:t:~::;¡D::•:,':ailed schedules should be maintatned for • of ~sterials and equiprnent which 
can progresa. The schedule should 
include developrnent of specifications, specification 11pprova1, 
issuance of RFP, purchase order release, and delivery to the .Job 
si te. 

of 
portr11y 

'"' and performance 
acceptanoe. 

Periodic photographs should be t11ken 
support status reporte and visually 

Detailed records of all technicsl 
rnsintained es s record of contrse~or 

review by the owner prior to final 



CONSTAUCTION PAOJECT MANAGEMENT 
SYSTEM DEFINITION AEFERENCE MANUAL 

CH-.?TER APX-D PAGE 6 

. Dra•in¡¡; Aoproval. Befare drawings and specifications are 
released for use by constructlon and estlmating personnel, the 
OTne::- or hls ::-ep::-esentsti"e should revi'!w snd s:.pr<:>ve •.he" to 
inaure that·original des!gn int..,¡¡;rity has been maint:~ined.-

b~· 

to describe project 

Pertodio pr~sentations should bo maJe 
"'"'" manag"rs, et~., to t~e o.,ner manageme::-.t 

status snd di3cu~s pote:-.tisl problem are~s. 

1 
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1 "MANAGING INDUSTRIAL PROJECTS" (MIPS) 

RISK ANALYSIS ANO SELECTIVE CONTROLS 

TYPES OF RISK 

TECHNICAL 
IT WON'T WORK! 

SCHEDULE 
IT"S LATE! 

COST 
TOO MUCHI 

RISK ORIVES DTHEII CONCERNS 

A"OeRS[N 1 C(l. """'""REYS 1 ,USOClU'I'S 
... R;;hl> Rooo,..._ 

' 

RISK ANALYSIS ANO·­
SELECTIVE CONTROLS 

LÍ PROVIOf AN APPROACH FOR HOW ANO WHEN TO 
EVAlUATE RISKS 

ri EXPL.AIN REL.ATIONSHIP AMOHG RISK ANALYSIS, 
CONTROLS ANII WBS 

rJ CONSIDER NEEO FOR A MO"E FORMAL 
RISK ANALYSIS PROCESS 

BALANCE CDST WJTH 
BENEFIT 

i 

1 ~"'-~ 

AN ITERATIVE PRDCESS 

~ DEF\NE WIS ).., 

1./ 1 "< 'í g .... ALTl! RlUS t • 
y SIUCI tllNT~OLS 

~ ~ % ,, 



"MANAGING INDUSTRIAL PROJECTS" (MIPS) 
RISK ANALYSIS ANO SELECTIVE CONTROLS 

. . .. .._., .... ,..,, 
WHD OOES IT? 

INAPPROPRIATE APPROACH 

SELECTIVE CONTROLS 
o POLICIES ANO 

PROCEDURES 

o CONTRACT TYPES 

o CONTRACT TERMS 

• 

CONTRACT TVPES 

• • • • 
~ 

~ATCH CONTROL lO RI$K 
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RESPONSIBIL!TY ASSIGNMENT­

AND CONTROL ACCOU~T 
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SAMPLE ORGANIZATION STAUCTURE 
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CONTROL ACCOUNT EXAMPLE #1 

WNOIUU 
CONNICIIOHI CONDINH~ 



CONTROL ACCOUNT EXAMPLE #2 

' ' 
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CONTROL ACCOUNT EXAMPLE #3 

IU~IINI GIN!R~IOR IQUI,MIM 

.. . ... COHDTHSI~G STUéM 

CONDINSIR VACUUM IU!E Cl!ANING 
CONHICIIONS COHDINSIR SlSIIM ST$11111 PAOJitl 

ORGUilUION 

.. 

...... 
'"" 

"'' . . IOitrR .•.. -· sun ... 
"'' """" INIAAl "" "" . . QHTUCIOR SU'! ...... , 
"" COOliHG ---

STSIIM '"' ' 
""'"~' SUPI, 
'"" '""' ....... 
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600 Megawatt Fossil Unit 

CONTROL ACCOUNT ESi'ABLJSHJ.:ENT 
CASE PROBLH! *4 

Case Problem ~4 

The Utility Power & Light Coc:peny wents to begin construction 
of its 600 Megawatt Fossil Unit in February of 1980. l.lr. J. 
'lf!lgner was eppointer! the Project Director. !Ir. Wegner wanted 
to assure that his project organization would be structured 
to l:lS.na.ge effectively, so !le "O"anted to est!lblish ·responsibilities 
for the work he had alrea.dy broken down into cansgeable subdivi­
sions using his 'lfork Breakdown Structure (WBS):·:- The next step 
"O"as to integrate his organization with the WBS to identi!'y 
Control Accounts. W'egner recogniz.ed the excellent Job thst the 
special WBS teel:l.had-done in its !'irst assignment end r .. lt that 
th" !'ac:ilierity with the WBS would·help the¡:¡ in the next task of 
recowmending the control eccounts for the Project. 

PROBLI:M 

Your team is to prepere a reoommended set of control !lccounts 
for the construction project. Using the Control Account 1-:fttrix 
(Attachment 1) which indicates those intersections of the matri~ 
where work has been iCentified to aa or¡;anization, r!eterr:ine your 
reed'I:lmended control accounts by blocking the "X'' patterns 
horizontally end/or vertically. "X's" may also be consolidated 
b;r movinf soee to include them with others. Use arrows to 
indic!lte this type of grouping. Be preparad to Justify each 
recoJ:U:~endation froc: tl:e point of view of: 

( 1) degree of ~:~anagel!lent control (both product and organizational 
levels), considering oost, schedule and technicBl critical1ty 
of the WBS eleoents; and 

(2) level of reporting detail, 

Use the "Scope of Work Assur.~pt~ons" and "Factors to Consir!er When 
Developing a Control Account J.(atrix." 

-1-
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Case Problern 14 

600 Megawatt Fossil Unit 

CASE PROBLEM 14 

FACTORS TO CQNSIDER WBEN DEVELOPINO A CONTROL ACCOUNT JI.ATRIX, 

When develop!ng a matrix, a number·or· factors must be considerad.-,; 
The list belo•, statad in terrns of questions and factors, should 
be considerad. 

l. Doas tha proposad WBS provide a home for every charge activity 
on the proJect, and does it minimize the difficulty with which 
identification can _be _o¡ade~-' 

2. Are elements appearing at the same level of the 'IIBS approxi­
mately equal in magnitude in terms of manageoent interest; 
Manage~:~ent-interest-is defined-in terms of technical complexity; 
cost and schedule importan ce. 

). Does each ele~:~ent represent an aggregation of all the subordinate 
ele¡¡¡ents below it~ 

4. Ca::¡ ell of the ite"!s appeerin¡¡; on the WBS be indentified 
to a schedule~ 

5. Gen cost be eesily identified to an individual Control Account 
without allocation to two or more Control Accounts? Can costs 
be collected and su=arized upward without by:passing lower-level 
elements? t 

6. Will the integration of tha lowest level of the WBS with 
the project orgenization produce control accounts tbat are 
not too small; i.e., the administration cost is not justií'ied 
by the control gained? 

7. Sorne activities occur in many hardware elements oí' the 'II'BS. 
Are these activities significant enough to werrant being 
identií'ied as specific elements? 

S. Can &ignificant contracto::- and contracted effort be 
identified on the matril:? 

~,~ 
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Case Problem J4 

WBS }!ATRIX • 600 MW fOSSIL PLANT 

"SCOPE Of WORK" A§SUMPTIONS: 

1. Excavation {fixed price, lump sum) 

a. The following systems are constructed with foundations 
included in the contract (i.e,, general excavation con­
tractor does not e:xcavate): 

Railrosd System 
Ponds, ¡ntake, Discharge 
Prec ipi tator 
Cosl" Handling Syatem 
Cooling Towers 
Circulating ll'ater System 

b, E:>::csvstioo Contractor does not ezcsvste trenches or 
dewater. 

2. Site Services (cost plus a percentage) 

a. This ia a general contractor present at si te for most 
of the project, !:!e does site preparation snd services 
and general pickup work, !:luch of which is cost-plus. 
Includes dewatering if required. He is a good candidste 
for excavation on some systems in l.a. above as a 
subcontractor. Instslls fencing, gatea, 
construction facilities, etc, 

J. Surveyor (time snd material) 

a. Hired by the O'ii'Iler to lay out plant grid system, baselines 
and bench.t::arks, and verify locetions snd elevstions, 
quantities, eto., of contractors' snd force eccount 11ork. 

4. Foundation Contractor (assume no piling required ) { fi:xed price, 
lump sum) 

a. Same COlDJ:Ient aa l.a.; appliea to foundstions. 

b, Basicslly a concrete snd rebsr placer with so~e eQbedded 
work. 

e, lnstalls turbine :pedestal. 

5. Structural Steel Vendar (unit price with escalstioD) 

a. Only supplies steel - no erectioD. 

6. Superstructure Contractor (combination lump sum BDd unit 
price) 

s. Responsible for exterior walls, masonry, siding, 
decks, stralrs, roofing, etc. 

b. Erecta atructursl ateel. _,_ 



' ' 

e 

1,_ 

Cese Problem 14 

7. Cosl Handling Contrsctor (fixed price, lump sum) 

a. FUrnishes end installs complete system except ror 
1 srge equipment (pul vertzers 1 crushers 1 etc.). 

8. Field-Erected Tanks Contra~tor (fixed priee, lump sum) 

a. Furnishes and instells lerge .tanks (i.e. ,. firewater 
storage, fuel oil storage).,.. 

9. Cooling Tower Contrsctor (fi:led price with escaletion) 

e. !Jnder direction of "Supervisor - Towera. 11 

b. Complete "foundetion-up" responsib1lity. 

10. Electricel Contractors #1 and #2 

e. 11 eppears eer1y in construction period .. Handles •.• 
constr\lct!on power, temporery electrieel work; and r;.~ 
ysrd grounding system. He is a candidata for subcon­
tracting to do electrical work for. esrly contractors. 
cost plus e percentege. 

b. #2 errtves later end besica11y does ell electrtcel 
work (huge contreet, much of it llllit price, i.e., 
$/ft. of cable, $/ft. of trsy, $/terminetion, etc.). 

11. J.lechenical Equipment (cost plus a fixed fee) 

e. J.!echanical Supterintendent /1 handles earl:;r, 1ight 
service equipment (building HVAC, sewage treatment 
rscilitY, etc.). 

b. Mechsntcal Superintendent 1/2 hendles leter, heevy 
equipment erection (turbines, large pumps and motors, 
etc.). 

12. Insuletion Cootractor {fixed unit price) 

s. Insulatea generslly a.ll buildings, piping and equipmeot. 

b. Does not iostall turbine-generator laggi:og, or precipi· 
tetor 1osu1etion. 

13. Paintiog contrector 

a. paiots all building& (outaide) and so.me equip~:~ent end 
piping, including rec¡uired touch-up. 

b. Basically uoit price or T & M contract. 

11; •. Interior Architecturel Fioishes Contrsctor (combiostioo fixed 
price, lump sum snd unit prices) 

e. Furnishes and instslls floor coverings, interior psrti­
tioos, <loors, suspended ceilings; peints building interiors; 
etc. 

_,_ 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

RESPONSIBILITY ASSIGNMENT ANO 
CONTROL ACCOUNT ESTABLISHMENT 

RESPDNSIBIUTY ASSIGNMENT 

OUTSIDE CDNSTIIUCTION 
MANAGEMENT APPROACH -· ( 
-·· ~;~~omurno• 

u""'''" 

•• ·-· 
~·· 

GENERAL CONTAACTOR 
APPROACH 

J ) OWIIEA 

~) 
llUERAt 

AIIC HITE I:T iEII GIIIEER CONTIIACTOR 

IU!-COMTRACTORI 

~ ' """'"' ... • ~~T>< UR A~OE.SEN 1 CO, I<U.,,.,.Ol:YI 1 ASSOC"'l!l ... ~ ..... ~ .......... ' 

AESPONSIBILITY ASSIGNMENT 

IN THE 
CONTROL 

!J'I PROVIDE THE MEAN STO ESTABLISH COST 
ANO SCHfDULf PERFORMANCE MEASUREMENT 
RESPONSIBILITY- THE CONTROL ACCOUNT 

;=-. 
( 

OWNER CONSTRUCTION 
MANAGEMENT APPROACH 

) .... ,. 

·-· 

RESPONSIBILITY 
MUST 

BE 
CLEARLY 
DEFINE O 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

RESPONSIBILITY ASSIGNMENT ANO 
CONTROL ACCOUNT ESTABLISHMENT 

THE RESPONSIBILITY MATAIX 

l 

• 
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"MANAGING INDUSTRIAL PRDJECTS" (MIPS) 

CONTRACT ADMINISTRATION 
............... , 

CONTRACT ADMINISTRATION 

CONSTRUCTION CONTRACTS 

Contra~ts Under WhiCh Job-Site Labor 
ls Expended 1"-~art ol the Seo pe 
ot Performan~-:.! 

• FURNISH ONLY j P_u~hasesVendots !.,:_ 
' e • ..• «• . 

• FUANISH & fRECT ( 
Co ni r ac ts.• Co ntra cto rs 

• LABOR ONLY 

,-----------"----c---------'":_;c,-"~-c"c.: .. :.-.,t;,~ 
·~-o 

w 

' ' " ' ' ' o 

' ' ' • 
' ' ' 

:~ ... .~; . .::; 
L '"" , , ~UliiPU "''~1 1 

-'' 1 ,~,:-.<,<.,.. ~ .... 

•e.pr"'l•• "00 
J.~Tl<IIR ANOERSEN J. CO,HUKPHRH5 O A$$0CIATU 

u"'""'"' ..... ..._ 

CONTRACT ADMINISTRATION 
• 
' O Introduce Terms & Define Relallonships 

IJ Review !he Contrae! Formation Process 

O Describe the Elements o! Contrae\ 
Admlnistration 

O Discuss Organizational & lmplementatlon 
Approach 

CONSTRUCTION 
ORGANIZATIDNALICONTRACTUAL 

APPROACHES 

A. DESIGN·SUILD (TURNKEY) 

B. GENERAL CONTF!ACTOR 

C. f'ROJECT MANAGEMENT 

D. MULTIPLf PRIMES 

E. IN·HOUSE (FORCE ACCOUNT) 

PRICINC ALTERNUI~S , ... ,. .. ~ · .. 
l . ' . . . -

; 
• • 

~-~· ... •··~ 0.<.. 

'"" .. '•'""'"'/::.~-t « .. 
i "'"".,"" 1 .. o .. (• "~ 4 "'· 

""'''"""'-'"a""., 

~OPE OEFINITION 
q:(<<v:.c_ 
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"MANAGING INDUSTRIAL PAOJECTS" (MIPS) 

CONTRACT ADMINISTRATION 
A..,,..v''""'"""' 

!NDEPENDENT CONTRACTOR STATUS 

owp¡EA"Il 
O::ONTAACTO~ REPREsENUTI\1105 

E .. ~ 
1 §] El 1 

E~ -
. 

CONTRACT fORMATIDN 

!. PlltCUlllfTIIOG 1 
IH.Er;JIHG IOOD!RS 

• 

FORMATIDN AOMINISTR4TION 

' 
' ' ' 
' AWARD 

fORMATICN 

' E$TlBUSHI~G PROJ!Cl BIDOING & 
CONIRACT DOWM!IITS 

' su•o••o VS. AHIREHCI 
tOoT!.OCI tDHl,...tl 
IDR"I fllll<l 

('<"'" ·' - ' . c. 
' )·•c.·. 

"~""' .. ;""' '· 



"MANAGING INDUSTRIAL PROJECTS" (MIPS) 
CONTRACT ADMINISTRATJON 

--- -·-· 

J-<,.6-.. • ,r••·-
1 , , FDRWOliO~ 

; • : ... - _¡.! .-,.' 
~- toDRD"'AIOCG 

THl IODD<IIG 
c•ttE 

i 

• 

FORMOTION 

t. 810 EVALUATIOM 

' @l -=---/ - ' -.... (.,~_;;."•,.-. -- . ~ ..... 
-~~_:;~/~ 

·~- / ... , 
-~ ,·~· ''" ' -- de:, . -· ' -

-='-.!1~ 

FO·M·TKIN 

1. 1'11!-AWARD COMfEIIENCES ME~OHATIONS 
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"MANAGING INDUSTRIAL PRDJECTS" {MIPS) 
CONTRACT ADMINISTRATION 

i 

l. tONFO~MING 5 EXECUTING THE CONTR.ICT 
DOWMENTS 

...... Of<ISTitAnGN 

. /7 
1. RECORD KEH'ING 

[SU8MITULS) rE d 
~ 

~··~ 
Br/' 

~¿; 

' 

.• 

2. PROGRESS P~TMENTS 1 ANAL PAfMENTS 

• 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

CONTRACT ADMINISTRATION 
...... v ...... ,.. ... 

AD .. lN,STAUION 

3. ISSUING CHANGE OROERS & ___ _ 
UTRA WORX AUTHORIZATIONS 

' i i 

• 
' 

ADMmtSTAATIDOI 
' 

5. BACKCIIA/IGU T:: .- • ..... 
' '-· ~- .. , .. l. FORM~TICN Of !AIEf·FOAM COHIRACIS 

THE "PURCHASING" APPAOACH .. ' .. e T .. 
• RE POR !S ID HOMI Dffltl: PURt:HASI~r; ¡PADCUR!MENTJ 

o unt¡ (Nr;IHHRING CONSTRUCIION HPERI(HCE 

• PHYSitlltT RE M DI'< O (UNRESf'ONSIVtj 

• 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

CONTRACT AOMINISTRATION 
....... v • ..,., ,. "' 

DRG.o\,.IUTION APPAOACHU 

THE "I:ONSTRUCTION ENGINEER" APPAOACH 

i • POSSIBL( CO~FUCT CF I"TEREST 

• LITH! FORMATIO" Uf'OSURE 

• PAPERWOR~ PHOBIA 

ORGANIZATION APPROACHES 

---•~··•·><-
SUGGESTED APPROACH 

·~ "•· 
/ 1: "';. FUll TIME CONTRAn AOMINISTRATOAIS) 

• REPORTING TO PROJECT OA CONSTAUCTION 
MANAGER 

• FUNCTIONAL DEPT. PROVIDES PROJECT 
SUPPORT 

• ADVISOR RATHEA THAN ENFORCER f _,,:, 
' 

' 

• 

ORGANIZATION APPROACHES 

THE ''COMMITTEE'' APPROACH 
• 

• UNRESPONSIVE 

• LACK OF CONSISTENCY 

' • OIVIIlE & CONOUER 

CONTRACT ADMINISTRATION 

lt" Introduce Terms & Define Relalionships 

tt:' Review lile Contr~cl Fo rmation Process 

¡){ De~cribe the Elements ni Contrae! 
Adminis!ration 

¡t( Discuss Organizational & lmplemen1alion 
Approach 
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PERFORMANCE SUDGETING 



"MANAGING INDUSTRIAL PRDJECTS" (MIPS) 

SCHEDULING, ESTIMATING ANO 
PERFORMANCE BUDGETING. f·'"'r·; h·?,.;;,;,. 

A.o ... ,.,, ,. '" 

. . ... - - . 
'.>''~,:. . .e··- v).-·•w-·~ 

StiiEOUUNG, fSTIMATING 
QCI PERfORMANCE •UO'GI<nNG 

"1-t: --- • • 
• • • 
~ • • 
~~ 
~ 

. 

$ 

TIME 

SOMEONE MUST DO THIS 

SUBCONTPJ.CTOA 

THE OWNER MUST INSURE lrS DONE 

oe..,....... .... 1 
AAT><\1" ANOERSEN. CO, 1<1,11< .... RETS. •S SOCIA TE$ 
Al OO;Mo ""''"'""-

SCHEDUUNG, ESTIMATING 
& PERFORMANCE BUDGETING 

1!{ RtVIEW KEY COIISIOEIIATlCNS 111 SCHEDIILING, 
UnfiU.TlNG ANO PERFORMANCE BUOGmNG . 

11{ I'ROVIOE FOR TII.E PEARliiMANtf MEASUAUIIENT 
IASEUNE. 

TIME PHASED BUDGETS 

• 

·' ....... . . 
1 ' • liME P~AS!D 

~- BUfliH{ 
~ IUD&El 

/ ,-Atru.U tOST 

;¡',,...- AC
1
COMPUSH"'E_NT 

~P("' .,..-~.- .. 

,., 
IMPROVE ASSESSMENT 

);,,,.:-, ... ~ ... ,:•'""· . ' 
SCHEDULING 

Assigning time 
durations, precedence, 
and start and complete 
dates to all activities 



"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

1 SCHEDULING, ESTIMATING ANO 
PERFORMANCE BUDGETING 

--

e 

... , .. v .. , .. ,._ '" 

1. 

SCHEDULE 1 1 
\ . -~ '1 ¡.-.. t'' .. 

FAST TRACKING 

O!SlGN ! 
q 
I'IIC.IfCT : UVI•;s 

.,. OUMno• .... r-: 

ESTIMATE PRDGRESSIDN 

' 

CONCEPTUAL 

PRELIMINARY 

DETAllE O 

n•• 
"Cop''"'"' , .. 

' 

4ATltUR ""OERSEN & CO. HUIO ... RHS 1 USOCIATU 
U I!Johll R ... ,.. ... 

' . 

' ,, 

' 

,_,_.J,C¡. e •"-'-

ENO-TO-END APPROACH --' 

[~~J~ 
1 
1 
1 
1 

1 

1 1 
1 CQUT!IIICT 
1 
1 1 1 
1 !'ROJiCT DURAnO• 1 
1 1 

ESTIMATING 

DETERMINING THE 
EXPECTED QUANTITIES, 
WORKHOURS ANO COSTS 
IN ORDER TO BE ABLE TO 
ARRANGE FOR THEM. 

PAAAM..-mre .. 
UJtEOFF 

I!STlMATES IMPRDVE OVER 

• 



e 

"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

SCHEDULING, ESTIMATING ANO 
PERFORMANCE BUDGETING 

S 

,o- ""' 

COSTfSCHEDULE MISMATCH .. 

ICHEDUU ltEPOI'IT 

i.f 
-

vs. -= M' 

IY IYITEM 

I:Oil AEPOIIT 

~ • IIECIWIIC.ll • n.ErnuCAL • IUTERW. • -
~·· • 
DY OIICIPU .. I 

lZl 
IZliZl 
IZ]IZ'l 

' 

PERFORMANCE 
BUDGETING 

PROVIDING A TIME· 
PHASEO RESOURCE PLAN 
AGAINST WHJCH ACCOMPLISHMENT 

• ANO RESOUACE EXPENDITURE 
CAN BE MEASURED. 

• 

PROJECT RESERVES 

PART OF THE TOTAL PROJECT 
BUDGET INTENDED TO BE USEO 
TO MEASURE WORK ANTICIPATEO 

. BUT NOT CURRENTLY KNOWN. 
CONSISTS OF SPECIFIC ANO 
GENERAL RESERVES. 



'J 

CONTROL ACCOUNT #68 
"' 

TURBINE sui~'DING SUPE~STRÚCTURE 
Boundaries N-··A·· Line Wall. S-··s·· Line Wall 

• 

1 \ •.•. 
E-··s·· Wall W-Column 1 Elevatio'n 260' -420' 

\¡' .. ,.,_. ¡,r·, .. ,,.' 

·• BEF: Engineering Oesign Orawings 

02 134. 03 115. 

02 136. 03 116. 

02 135. 03 120. 1 . • 
•·r . ,, 

1 ' 

lncludes Main Stream Tunnel­

Structure Work Only. Also CIRC 
-

Water Lines/Encasements.-
J ' ' ' ' ' .. .. 

• • . ' 

' 



1 

" 1 
N 

TURBINE BUILDING ,L[· c··o 
• 

SUPERSTRUCTURE 

• 



• 

'' ' " '· 

'! . 

®@® 
1 

420' 

360 

260 

TURBINE BUILDING SUIPERSTRUCTURE 
'· ' ' 

' 
' 



CONTROL ACCOUNT 

MATERIAL LABOR LABOR MATERIAL lABOR LABOR 
CODE DESCRIPTION OUANTITY UNIT $ UN!T HA- UNIT $ HR. S ' HAS. 

' . 
<~111M" 11! INfOHCING BAR 200 m 400.00 BO,OOO 

lH 1OM l , 11 E INfORCING TIES , .. m 10 00 2.000 

7~10L 1 
1\EBAH PLACfMENT , .. m 40.00 12.00 q6.000 H 1)110 

,, .. · ¡.; . ' 
<'KfoOM FOAMS ao.ooo SF ~' 2.00 160 000 

ZS\oOL FOIIMS PLACE 80 000 sr1,,," ., .. o_¡~ 10.00 óOO 000 bO 000 

lS~UM CONCRETE uoo CY' 1, 40 00 160.000 

lMOL l:flNCHETE POUR 4.000 " 2.00 w 00 ao.ooo H (100 

:mn2M EMBfO IHON 60 000 '" 1.50 qo ooo 
:1onn EMB IRON SU 60 000 '" 0.10 ,10 00 60 000 b [101! 

.UIO~M ANCHOR BOlTS 80 '" 1.50 "' :IOOH ANCHOR BOLTS PL-. 80 '" 0.25 11 00 "" '" :!008M PIPE SLHVES , .. " 60.00 IUOO 

:IOil8L SlHVES PLACf ,.. " 10.00 1G 00 20.000 2 Oll/1 

TOTAl CONTROL ACCOUNT 504,120 856,Zl0 . H~,010 



1 ' ' V' p•' ,¡ (l~(}w· 
(' ¡ ' 

NETWORK SCHEDULE 

~1~ 

248 )-, li26~9,J-...__r,.-;;c 
'- 275 ~ 2 

~2~81)-1-----"--- 2831-----< 29 o 

\ l' 
380 3 1 

"'--"'-.,....--., 4 ~ i 
. : 384 H(39~D~::::::;;;:::.:\-~¡ -----(~40~0 

518 5 16 .---..-· •. (·' 

• 

52DH522~-,_7_,--. _ 

··, ' 524H7DDI--
530 
'-"-.. ,,.--.... 8 ..---.. )- ·. 

534 r.- 536 540\---'---

' -'-._ 
' 9 

600 620 652 654 . 
í ( ~ 

. . ~-



.-. 
' 

CONTROL ACCOUNT 

' 
PREC su ce 

·~¡ ré 
TASK EVENT EVENT DESCRIPTION DURATJON ('J' START COMPLFTE 

1 "' 269 --A·· WALL. 1-10. 360' 9.0 1 AUG. '78 .10 OCT. '78 

2 281 283 ··A" WALL. 10-12. 360 43.0 " APR. '79 19 FEB. '80 

3 380 384 --e·· WALL. 1·5 10.0 19 OEC. '76 27 FEB. '79 ,. 

'' 4 384 390 ··B" WALL. 5·12. 360 16.0 27 FEB. '79 19 JUN. '79 

S 518 520 ··e·· WALL. 1·5. 420 13.0 6 NOV. '79 '12 FES. ·so 
6 520 522 ··e .. WALL. 5-10. 420 6.0 12 FEB. '80 26 MAR. 80 

7 522 '" ·e·· WALL. 10-12. 420 25.0 26 FEB. '80 17 SEP. ·aa 
8 534 536 ··A" WALL. 1·12. 420 12.0 26 MAR. '80 18 JUN. 60 

9 654 654 ··e" WALL. A·B. 420 10.0 31 DEC. ·ao 3 MAR. ·ao 

' 



CONTROL ACCOUNT SCHEDULE 

78 79 80 81 

\A ¡s¡ o¡ N\ ol J ¡ F\ M \A \M \J ¡J \A ¡s¡o¡ N ¡o IJI F IM \Al M IJ IJIA ¡s ¡o \N ¡o jJ lfl MI 

1. ··A·· WALL. 1-10.360 

2. c======:::J ··A·· WALL. 10·12. 360 
3. ··s·· WALL. 1-5. 360 

'O 
4. ··s·· WALL. 5-12. 360 

5. ··s·· WALL. 1-5. 420 

6. 1 ··s" WALL. 5·10. 420 

7. · s·· WALL. 10-12. 420 

B. 
9. 

• ' . 
--A· WALL. 12-12.420 

--e· WALL. A-B. 420 C::::::J 



i' 

2. "A" WALL, 10·12, 360' 
SUBTASK 

" DESCRIPTIDN OTY UNIT 

l. AEBAA PLACE 5 TN 

2. FOAMS PLACE 2.000 SF 

3. PLACE SLEEVES 11 o EA 

4. CONCRETE PLACE 100 CY 

5. EMBED IAON 200 LB 

START COMPLETE 

24 APA. ·79 11 FES. ·ao 

• 

MTL $ LABOR $ LABOR HR. 

2.200 2.400 200 

4.000 15.000 1.500 

6.600 11.000 1.1 o o 
: 400 2.000 1 200 

300 200 20 

$13,500 $30,000 . 3,020 

' 
DURATION 

43.0 WEEKS 

' 
• <: . '· 



-( 

3. "B" WALL, 1-5, 360' 
SUBTASK 

11 DESCRIPTION QTY UNIT MTL $ LABOR $ LABOR HR. 
.. 

1. REBAR PLACE 15 TN 6.600 7.200 600 

2. FORMS PLACE 5.000 SF 10.000 37.500 3.750 

3. CONCRETE POUR 300 CY 1.200 6.000 600 

4. EMBEDIRON 600 LB 900 600 60 

$18.700 $51.300 5.01 o 

START COMPLETE OURATION 

19 DEC. '78 27 FES. '79 10.0 WEEKS 



-------------'----- /MEASURING ACCOMPLISJJMENT -
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Case Problem 15 

600 Megawett Fossil Unit 

PERFORMANCE MEASUREMENT EASELINE ESTABLISHMENT 
FOR CONTROL ACCOUNT 

CASE PROBLEM #S 

' . . -'•F~"'"' ,..., 
The General Const:-uction Manager hBs issued e schedule for 
the ·condensar erection."-·Sae E:rhibit':r.• :. 

Mr. Wagner, the Project W.anager, has had a Control 
work statement prepared for each Control Accouot. 

Acoount 
See E:rhibit 2. 

Sinoe you are responsible ror the Control Account, it is your 
job to eatahlish a beseline plan for the Control Account. Use 
the Baseline Plan Worksheet, Exhibit J; to record your work tssk 
Esrned Value "..echniques and to develop your bsseline. 
Refer to Exhibit 4 for the recommended Esrned--Value-techniques. 

Assuce that ea eh man-hour -costa $20. 

-1-

.. 
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e 

( -

Case Problem #S 

EXHIBIT 1 

CONDENSER ERECTION SCHEDULE · 

l. Instal1 Wsterbox 11 

2. Insta11 Waterbox 12 

J. Erect Hot we1ls 

4. Tu bes 

~. Tu be Sheets 

6. Trsnsitions, Necks 

BEMARKS 

Start February 1, 1981, finisb 
July JO, 1981, continuous opera. 
tion, no intercediste milestones. 
Takes 2,400 csn-hours. 

start January 1, 1982, finish 
February 28, 1982, ssme as #1 
above. Tskes 800 msn-hours. 

Stsrt Februsry 1, 1981, finish 
Februsry 28, 1981; tskes 1,000 
msn-hours, no iDtermediate 
miles tones. 

Start June 1, 1981, finish 
Septe:cber JO, 1981, 4 ec¡ual tube 
qusdrsnts, J,OOO man-hours 
per quadrsnt. 

Stsrt April 1, 
June JO, 1981. 
total. 

1981, finish 
JOO l:lan-hours 

1st month--2 
2nd month-·J 
Jrd rnonth--2 

sheets, 
sheet a, 
sheets, 

100 
150 

50 

msn-hours 
msn-hours 
msn-hours 

Stsrt February 1, 1982, finisb 
June 1, 1982. Continum¡s work, 
no interrnediste mi1estones, 
1,000 msn-hours. 

-2-



CASE PAOBLEM #5 EXHIBIT 2 
CONTROL ACCOUNTWORK STATEMENT 

j ORGANIZATIQN: SUPERINTENOENT: ,..., REV. 
initi.lls 

1.31.80 GENERAL CONTRACTOR ..... CONDENSER (O) 
Boil«~ Tower . .. B.S. Mamr _ ... 

' ' 

BUOGET: SYSTEM SUPT. PARENTWSS:-
initiall - 1.31.89 CONDENSING 

"""" mo.ooo J. Smart SYSTEM ., 
PROJECT: CONTRACT: 
600 MW Fouil Unit 

C-10 

SCHEDULE START: SCHEDULE COMPLETE: PROJECT CONTOL o .. 
MANAGER ,,.pared: 

02.01.80 06.01.82 12.1.79 

' 

ST.~TE.\If.\'T OF li'ORi\ 

L Erect HoC \Oiells 

e ' . Erect l•iater Boxes 

3 • lnstall Tube Sheets 

'· Install Tubes 

S • lnstall Transitions, :-lecks 

CLOSELY RELATED WORK ~OT I.'I:CLUDED 

L Condenser fabrication '"' shipment. 

2. Receive, un load '"' store material " si te. 

3 • Erect Condenser Shell. 

4 • Crossover Piping (HP, 1 p' LP) 

S • CondensoH- piping connect ions. . . 
•• Vacuum System . 

1 . Tube Cleanin¡ System. 

•• Electrical, 1 ' e installation '"' connections. 

9. Hydro test. 



( 

e 

e 

'"'; ·J " 
No. TASK •. --..· "" \ti':. ÍL 1.\.. .. ro ' .,0 t.\C:. ':.0" 1 

-¡llS~LL 

J.-~ 2 ViL 1!;-i M.' ::?. - -

CONTROL ACCOUNT BASELINE PLAN WORKSHEET 
CONOENSER 

1981 MOmH 
F M A M J J A S o N o J 

k,. - - - - ¡__,., 
.. - - -- - - -· - - - --

'"' - - - - - - - - - - - -
7 

é~~CT ""' H/~ ~ 'IJHLS 
- -- - - - - - - - - - - - - -

'\- í-Ja.?o ~-e lA ' . 

- -- -- - - - - 1- - - - 1- - -

5 
1') t.t -

~_. 1 A· . - . 
' - .. . 

<:tl.EE"" 
- -- - - - 1- - - - - -- - - -
~ 

-¡~tllli ¡no..JS 
lA e; E.<..C.S 

- -- - -- - - - - - - - - - -

Current Can(~) 

Cumulat;v. Cort (thousands) • 

• 

. 

"" '~ 
F M A M M ... 

1\0 
- - - - -

&~~ 

- -- - -· --

'o oc 
- - - --- -

_lQOO 

- - - - --· 

&>• 
1- - - - --

- M' 
-· - - -- ---

. 
. . 
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EARNED VALUE TECHNIQUES 

A, DISCRETE 

EXHIBIT 4 

l. Inerement&l Uilestone 

2. Units Complete 

-J. 50/50 

4. 0/100 

B. SUBJECTJVE MEASUREMENI (Percent complete) 

Case Problem 15 



( 

. _.,..,__ 

e 

Case Problem 16 

600 Megawatt Fossil· ·unit- .•~: 

EARNED. V ALUE 'CALCULAT ION ro:/ 
CASE PROBLEM 16•_ •" 

Since you are the Condenser Erection Control AccoUllt Manager,·-··. 
it is your Job to evaluate·the 'status of work esch month and · 
davelop the Esrned Vslue. Attached you will find the status 
of your control account. Sea Erhibit l. Using the Bsseline 
Plan Solution from Problem 1+5 and the status, determine the 
Earned Value for each task within your control account. 
Record your resulta on the Earned Value t'Orksheet • 

-1-



F;ll:hibit 1 

( 600 Uegawatt FOSSIL UNIT 

Case ProbleJ.:: 16 

CONDF:NSF:R - CONTROL ACCOUNT STATUS .. 
'· 

Month of July, 1981 

No. TASK CURRENT CUllULATIVF: 

1 Waterbo:z SOO MH u sed 4000 MH used 
. 

,, 
"' complete "' complete 

. 2,;: • 'il'aterboll: ~---- No activity "' activity . ,.~ ·- " 
~-,-.. ~ 

' Hotwells "' IICtivity Completad 
800 MH used 

4 Tubes QuaDdraDt 11 co::~pleted Quad. #1 complete 
4000 MH u sed 4000 Mff used 

' Tu be No activity ' Sheets COIIlplete 

e Sheets .350 MH used 

6 Trsns1tioDs, NO sctivity No activity 
Necks 

e 



( 
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e 

e ' 

CONTROL ACCOUNT BASELINE PLAN WORKSHEET 
CONDENSER 

CASE PROIIlE~l #5 

SOLUTION 

1981 MONTH 1982 Total" 
No. "'·-- TASK 11.'..,_, EVT F ''M A M 'J 

1 Waterbox #1 • 1 
Comp "' 400 400 r·HIVj400 

-- i - . ' 
' ' 

' • • 
~ -
2 Waterhox #2 50/50 -' ' ' 

• • ' 

. 

1"' " ' ,. Hot Wel4 01100 . • 1000;.;,:;~ 

' ' ' ' 1 ' ' . 
• ,.,_ __ . uruu . . Comp 

. . I'Y 

5 Tubo. Sh<'>tb "'.~~ 
~!';.:' >ffi• 
~ 150 50 

., ...... 
6. Ttanritinnt., ~ 

!li..clu Com 

Current COJt {thow.ands) 28 8 10 11 69 

Cumulati.,.. Con [thoUAndl) 28 36 46 57 126 

. 

. 

-
-

1\ULESTONES: 

. 1-1 Be~n Watecbox 1 
1-2 Complete Waterbox 1 
2-1 Begjn Walecbox 2 
2-2 Complete 1\'aterb.n 2 
3-1 ln.wl Hot WeU.. ..... 
" Complete Tu~ QuadrantJ 1, 2, 3 & 4. ..... 

5-I Complete Th.M Sheet 1 & 2 
5-2 Complete 'fubo. SIJ<'>tb 3, 4 & S 
5~3 Complete 1'uhe ShHll 6 & 1 
6-l -S.:gtn Tra.Mtiona, Nu.ka-
6-2 Complete Tranritiona, Nedu 

J A S o N o J F M A 

2 

'"" 

w r4c:~.o ~ :if.~ 

. -
0'1'YI\!' 

. -.. . 

/11 
"' 250 .50 

68 60 "'i o 8 13 S ... 1 "'i 31 314 31 314 322 335 1~345 

~----~------·---------------------

M Manhou1 

2,400 

' ' ' 
800 

' • 

1,000 

• 

' 
- . 12,000 . 

300 

¡f 1,000 
250 

I~.soo 

' 
350 



(' 
' 

N.. 
' 
1 

2 

e 
3 

4 

5 

• 

e 

CASE PAOBLEM #6 •• 

EARNED V ALU E WORKSHEET 
CONDENSER 

-~~~ 
' ' WATERBOX 

1 . .16,000 -- "~ ' 

WATERBOX 
#2 o o o 

HOT 
WELLS o o o 

TUBES 60,000 

TUBE 
SHEETS o o o 

" ~:.""'·)) _o 1 o o 

' 

l 

80,000 - ... 000 24,000 

o o o 

16,000 20,000 

80,000 120,000 60,000 

7,000 6,000 5,000 

o o o 



( 

.;. ' . . 

WATERBOX 
1 .. 1 -

WATERBOX-

' 
., 

e HOT 
3 WELLS 

• TUS ES 

TUBE 
5 SHEET$ 

' • NECKS l 

e 

CASE PROBLEM ,#6 

EARNED VALUE WORKSHEET·...,.,.r 
CONDENSER . . ' 

~~ 
Jm• 40~ No . ~boo 

o o o o 

O· () D' loo 

4 -o o o '!Jo oto 1{0)0 

o o o JfO o 

o o o o 

¡:::IY: 

!·l·'' ¡;wo 

o o 

1 OD=> IOob 

¡,uoo "&P o 

yo ¡z ,o 
o o 
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"MANAGING INDUSTRIAL PRDJECTS" {MIPS) 
MEASURING ACCOMPLISHMENT 
~ 

' 

MEASURING ACCOMPLISHMENT 

' ' :/ 1 
• ' ' 

• " . __., Cll•CRm --

' ' ' PII'IIIG ~-
! ' 

.. 
' 

~-• 
' ... 
. 

WHAT HAS BEEN 
ACCOMPLISHED? 

-·' '. 
" " 
' ' ' 

• DRAWINGS COMPLETE O 

• FEET OF CABLE PULLED 

-

• FEET OF PIPE INSTALLED 

BUDGETED VALUE 
FDR THE WORK 
ACCOMPLISHED ~ 

EARNED VALUE 

"0> .. "11 .. ·-
AFmtUR A~O!RSEN 1 CO, MUMPKR .. S 1 A'SOCIAT .. 
Al ~'ll•t& R ... ,...._ , 

' • 
' 

' ' ' 
' 

• 

.. 
MEASURING 

¡ ACCOMPLISHMENT _. 

m PRovme A METH.oo FoR 
MEASURING WORK ACCOMPLISHMENT :~ 
' 

rt{ bEitmNSTRATE THE APPLICATJON 
OF METHOD TO THE UTIUTY 
ENVIRONMEfH--- · r 

WHAT 15 THE 

\\V A IL lUHE 
OF THE WORK 

ACCOMPLISHEO? 

~0'-'-•l'j 

EARNED VALUE 
V 

• 

·~ ISA GOOD APPROXIMATION 

• 



·• 

•. 

--

e 

"MANAGING INDUSTRIAL PROJECTS" (MIPS) 
MEASURING ACCOMPLISHMENT 

• • • 
EARNED VALUE~. ---

• AN.OBJECTIVE. MEASURE__ . 
t OF WORK ACCOMPLISHED ti"Ji 
~ 1 

• BASEO ON THE 
~ BUDGETED VAlUE-;..'":': 

'--------'-

UNJTS COMPLETE- PLANNING 

.,_ - •• - - ,.,.._ 

·- ·- ·-"" ·- ·- ... ... 
8 ... ...... -- ~- ....... ...... 
"" .... 

• 

EARNED.VALUE OF A TASK -· 
' A 1 oll"l. -A 

TASK 1. 
1 
• 

A ?% 1\ 
TASK 3 1-' ·: 

TIME--
• 
' 

'11% rvA .~ 
TASK 2 •• 

NOW-·-· 
'-'---:::::_--~-



~----------. 

~ACCUMULATING ACTUAL DATA'------------------------------

.1; .... ~~· ' ' 

' 



' ' 

,, 

;. ' 
~¡! 

VERIFICATION FOR ACCURACY " ' ;·1, 

COMPUTLONS 

QUANTITIES 

TIME 

,, 
VERifY t 

ACCOUNTS ~¡~ 
CDMPLETE-

L __ :N~ES~S __ J~ 
·~ ACCUMULATE 

PROGRESS 

TIME 

MATERIALS 

l _ __.--'~ ~=,.= .. "~~ 
CALCUL.ATIONS 

CONTRACT 
COMPUANCE 

ACCOUNTS 

VENDDR PROCEDUAES · ./ 

PREPARE -------------+í.:::l / 
~"-'_"_"_'_j ~ 

FOR 
PAYMENTS, 

REPORTS 



-~-· 

_. 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 
ACCUMULATING ACTUAL DATA 
......... v ...... ,._,., ••• ,. -

ACCUMULATING 
ACTUAL<;-

SCHEDULE-- r· -
DATA 

-· n"'J.,-,~1 -~ ~ • -
1 f ~.EOUIPMENT- ,... ·1 --• 1 IIATERLll. -
1 UBORini. ' v-
• ' --- - ---

-

INCDNSISTENT CUTDFF 

~ 
euoGn EARNED 
311 sEf1' VALUE '\G ot.1 

5 OCT 

,. • '\11'1 ' -
t.J..' '" C.A. ti fa'! 

TYPES DF DATA NEEDED 

• ACTUAL COSTS 
• COMMITMENTS 
• CHANGE OROERS 
• PROOUCTION 
• ESTIMATE TO COMPLETE , 

• 

-·-'--' 
; j __ ,n 

l 
• 

-

~~~----------------_;, ' <eoP><Ig•o tiOO 
• .um<UR ~>ICU$[>1 & CO. "UWPI<..,'I'$1 AlSOCU.n• 

AIN'ohb No ......... 

--
.,<&--, 

ACCUMULATING ACTUAL 
; DATA"-'· --

oo;msCUSSWHAT DATAWILL BE.'::' : 
< NEEDEO THROUGHOUT PROJECT , 

o(OISCUSS:WHEN.AND HOW,TO:-:c:. -
COLLECT ANO VERIFY DATA-

'-'-'------_;. 

LATE REPORTING 

.... ~ 1'" 

IDENTIFYJNG THE DATA 



e 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

ACCUMULATING ACTUAL DATA 

IDENTIFYINQ THl DAU 

.. ,_,_,.,m • .......... . .,. ''"'"'""'" ........ . ''"""" "-''"""'"""' . -•. / .. , __ ~..,~ ....... -
.. "'" """""" ",r' 
::.~::.:..:: . . ":."" ~ -.. ---. ':;..; ~ --:;.. - .. -

• ~--:o_~ .. 
: ~ ~;,...-.-;:-: ..., 

--~ ·:::;-· 
·. ·,:~,..-. · .. -'"'-.:_ _....... ___ _ 

' '-.:. ........ "" ....... ,.. "'"'"' .......... ~ .. ----"''''"" ~ ...... .. _"""' ..... , .. ... _ ... ITI.II --

IDENTIFYING THE DAlA 

COHlllOL V&. PROPERn AtCOUHT 

AQ QA --·-
-- ---- -

' ' 
' 

• 

PLAN AHEAD FOR OADEFiLY 
DATA COLLECTION 

• IDENTIFY NHDED DATA 
• DETERMINE LEVEL OF DETAll 
• DETERMINE SO URCE OF EACH DATA ITEM 
• DEFINE DATA IDENTIFICATION CODES 
• DESIGN FORMS 
• DESIGN ANO WRITE PROCEOURES 
• TRAIN rfRSONNEL 



CO!>!?ARING PLANNED 

----------~--/ A~D ACTUAL PERFORMANCE'------------------------

. ' '• ' ,, ' 



.. 
B. 

o. . 

o. 
E. 

'· 
o. 

H. 

I. 

cosr, (U-Aé. " 

:,clifO~'' ~v- .'P 

VARIANCE CALCULATJON EXERCISE 

COMPARlSONS MEANIUO 

SCHEDULE COST SCHEDULE = 
Eerned Actual 

Budget Value Coet (Qn/Ahead/Behindl (On/Over/underl 

$100 $100 $100 ' -ISO·I~G>o- " 
"o >50 "' ·50 D . . 

"o "o lOO - 50 DI 

lOO lOO 100 ~ 50 

lOO >50 200 -S"D 

150 lOO 150 -50 -so 

"o >50 100 () 5o 

100 "' lOO :JD <o 

200 >50 lOO -51) 61) 

EARNED VALUE - ACTUAL COST ~ COST VARIANCE 

EARNED VALUE BUDCET • SClllWULE VARIANCE 

o • • • 
• , 
~ 
" • 
' • 



~ '" 
L. 1

_WATERBOX 
_ _,#1--. . 

WATERBOX 
2 • . · • # 2" ..<: -· 

' ' 
. HOT-=-... • 

3 WEllS 

. . 

• TU BES 

TUBE 
5 SHEETS 

' 6 NECKS 

TOTAL 

e 

CASE PAOBLEM # 8 

VARlANCE CALCULATJON WORKSHEET 

(COST 8o SCHEDULE VARlANCESI :.-~;) 
CONO ENSER-...:""-

..... o;- ... -~-

$~ ... E" V- ~ 

~'*::!!:~~-
8.000 {H'!P'.11: 80.000 48~ _ 

~ ' - -: : -~ , __ "': • .,.... · . .-: .... - ! ----~;. 
. . ¡ 

o ... o ' .. o .o o . ' o •• ¡ o " : o o . 
' ' ' ' . ' • ' . . 

20,~ Izo~ 40o~ • - . .. . 
o o o "' o 16,000 

- . . _, . .. ~.,.; . . - ·. 
80,1100 60,0011 o 80,000 

·~ or 

o o o o o T,IIOO 6,1100 ·-~t· .. \ 

o o o o o o o Q 
. 

{1•Uo) 
' 

1 1 1 

. 

;; 

o• 
• 

. - ... 
17 

f'•"'' 

1 ,,.o\ 

o 
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. "MANAGING INDUSTRIAL PAOJECTS" (MIPS) - ·- . --
COMPARJNG PLANNED.AND ACTUAL.-~­
PERFORMANCE::::: 

COMPARING PLANNED ANO ACTUAL 

PERFDRMANC~E /''""" 

• • • 

SCHEDULE VARIANCE 

• EARNED VALUE MINUS BUOGET 
• DO LLAR VALUE OF WORK 

AHEAD!BEHIND SCHEDULE 
• ONLY AN INDICATOR 

'-

5AMPU CCNTRC~ AC!;CUHT 
EAA,.ID VUUE VARIANCIS -· • • • • • • 

• A 
.. l" ·-· ~--· ·- .•. 

• .. --- """l:J. ""' -- ·, .......... - ·' ' -·- •• - • .. •• --.. ~~-- •• - --- - - • .............. • "" ·-· --... ·- • - ·-
•• ~ ··-A~TMU~ ANOERSE~ 1 CO, HU .. PMR[YS 1 ASSOCIU!I .. ""'"" •... ,.., .. 

---· ·- --

• 
' 
' 

' . 
. . 

' 

. . : . -

COST VARIANCE 
o EARNED VALUE MINUS 

ACTUAL CDST. _ 
• 

o 'DOLLAR VALUE OF WHAT 
;YOU ACCOMPLISHED- • 
MINUS WHAT IT COST YOU 

VARIANCE CALCULATION 

COST = EARNED VALUE - ACTUAL COST 
VARIA NCE 

SCHEDULE= EARNED VALUE - BU[)GET 
VARIA NCE 

LABOR COST VARIANCE 
COMPONENTS 
~l¡n<ii.IIAit 

1 ¡--I'U""'O IUit---, • n-
l~ 

IUDGfT l • 
~~ •• ¡ . >2 

~:· . """' v••,.•ct 

·, . 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) C•.' 

COMPARING PLAN NEO -ANO. ACTUAL··:·. 
PERFORMANCEc···•, 

..... o-...... "' " 
MATERIAL ANO ECUlPMENT COST 

• VARIANtE CDMPDNENTS • 
f-:li,"Tll.ll fRICI 
IPUH•IC PR•Cl-------¡ 1 

' ' .. 
r ~ .. " .. 

. . 
. .. • . 
' ~l'l~·· 

l 
• 

' :li •• ,., 1 .. ;:¡ ~ •. 
' ";;! tUCGET 

' ·- . ' . 
• si ~ · l . 
. ~ . . 

:· UUil!Vl.R\tNCI""'- + 
. 

-, - - "' 
¡ ' • 

• 

¡ 

' 



REPORTING ANO ANALYSIS 

1 

:1 1 ii 
1 

i.l 'il ' ¡, 
' '" ' ,¡, 

' 

' ,, 

!' 

i ; 



PERFORMANCE 
STRUCTURE 

WBS ELEMENTS 

"' '" FOSSIL UNIT 

STAUCIUA!S 1 IMPRQV!f.-[NIS 10.000 
IOIL(A PUNI EOUIPM!NI 10.000 

IUAIIN[ GENER~ICA !QUIPMM[NI 10 000 

ACCESSGAV H!CIAICAL !01./IPM[NI l-500 

MISC I'OWIR PLAN! iGUIPMENT ~ 

PAOJ!CT SEAVICU l9.000 
' 

US!liNi 

TOUL 

REPORT-WORK BREAKDOWN 
¡, ~ . ~;;¡:¡¡ .· 

CUMULATIVE TO DATE Al COMPLETION 
EARNEO IUOGEJ VAAIANCf 
VALUI ' . \ . 

' " • ' '" "' ' '" "' .. -1 11 ~ • -m 

' 22.000 11.000 >o® ••• 50.000 16.000 U® 

li.OOD J9.000 ll 000¡ il 0001 200.000' 110.000 110.000) . . . 
·~ 12.000 11.0001 '50.000 50.000 

' ' ' ' '" J.OOO UGO 11001 "' 'Js ooD 'lS.OQO 
' ' ,. •• ,. "' ... ·s ooo .. 

lJ,ODD li.OOO 12.0001 IUDDI ID 000 JUDO 15.0001 

' ]~~' ' 
' . ,¡ 1 ! ¡,¡_ 

'" . ' . 

' . 
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PERFORMANCE REPORT- PROJECT ORGANIZATION 

PROJECT 

,,, 
'" 131 ,., ,,, 

'" (7) ' "' "' AJAX UCAVATION 6,000 '·"' 4.900 (1,000) "' 12,000 '12,000 
ACf SITE SERVICES • 4,000 22,000 4,000 3,700 '"' 16,000 (6,000) 
AIABOANE SUAVHORS 1,000 1.500 1,800 Wllll (300) •3,000 3,000 

1 '' 
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600 MEGAWATT FOSSIL UNIT 

VARIANCE ANALYSIS REPORT CRITIQUE 
CASE P_ROBLEM_. '.~ 

DO TJlEY LOOK FAMILIAR? 

Attaehed are four diff!'re-nt versions of a Varianee Analysis Report 
on the same Performance Measurement data .. Using the eheekliat 
(A t tachmen t .1}, .spend·-15 minutes ·-analyzi ng these· reporta, -u si ng :_-
the attaehed critique.· · 

The seminar leader will then leed a diseusston of the questions 
below: 

l. Choose the best Variance Analysts Report. Why did you r~Ject 
the other three reporta? .. Be speeific .and ·note comments~on ~-­
each report. 

• 2. Are there snY weaknesses in the report you have chosen? 
Whet are they? 

• 

• 

-1-



V AA lANCE ANALYSIS AEPORT 

WBS: Coml~nser REPORT PERIOD: July, 1981 

NO.: 62-09I-1-ll2-6 

,,,.-.. BUDGET-'-·EARNED ,_.,.,·ACTUAL'''' i SCHEDULE··"• •' -•% 
VALUE' ··- VARIANCE ' CUAAENT 68 64.8' 96 (3.2) (S) (31.2) (·18) 

. 
CUMULATIVE "' "" "' (65) (44) (58) (68) 

TOTAL ESTIMA TE VARIANCE 

BUDGET--350._ AT AT 1-COMPLETE=::-:350 ~-- COMPLETE=-~o -
•. 

1 

IMPACT 1 

e 
. 

' 

' ~no~ 

' 1 

e ~ 8 4--81 8 5--81 

DATE TilLE DATE 

• 
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' VARIANCE ANAl YSIS REPORT . -

WBS: f'..ondenser REPORT PERICO: jul), 1981 
. 

NO.:,,. 62-091-l-82-6 ~ • ' " . . ··- - - . 
($000) 

. 
BUOGET EARNED ACTUAL. SCHEDULE • COST • . VALUE VARIANCE VARIANCE 

CURRENT -···· 68 64.8 .. (3.2) . (5) . (31.2) , .. , 
' 

CUMULATIVE ,,. 109 ' '" (85) (44) (58) (68) 

. . . ' . ESTIMA TE.-;-::_ 
TOTAL-:::.' --

. . VARIANCE~"'"-. . 
AT . AT --

BUOGET '"' COMPLETE "' COMPLETE o 

PROBLEM ANAL YSIS • . 
' 

. Curren\ peritxl CV io $31,201) and cumulalive CV io $04,000. Both are •·aused l>y more l~bor __ -
time ~in¡: upendtd in the troub\erom~ inotallalion uf .. -atubo:< :io. l. The problem io not in our 

!abur uoe, bu! in poor fahrication of the wa\erhruoeo by the condense< nndoo-. ·n,;, io also the cause 

of ochtdule •lippa¡:e. 

IMPACT 1 

e Cost impacl io suh•tantially unknown al this time. lf we don'! l<'l better .. ~t~rhoxe• from thi• 

nndor, we sh<KJ]d take them off the biddero li•t. Titi• problem cauo .. our compan~· to ,irtuall~ ...,. 

duip¡ the boxeo in the field by our engineen .,.ho are working out..ide their ex~rti ... A lot of fome 

is wa.ted talking lo vendur repo. 

CORRECTIVE ACTION PLANI 

f.xtcnoive "e Id prep. and welding io being donr lo uru~ toleraneeo for pro pe~ riHtp• and allpt· 

"'"ni. Thio prublem hu tite pen<mal al\ention of ,\lr. Baily, Q~ engineer. · 

EAC JUSTIFICATION . 1 

:'lo updale of EAC al thio time. 1\'iU ha,·e a bettrr idu as lo additional corto in the future. 

-L CONTROL ACCOUNT MANAGER APPROVAL · 
R.S. ~lao:ter Jack Smart 

Condrn ... r Supt. 
.... _., 

Coolin¡; Syolem Supt. 8 ,_., 
TITLE DATE TITLE DATE 



e 

VARIANCE ANALYS!S REPORT . 

WBS: Condrnoer REPORT PERICO: july, 1981 

NO.:. 62-091-l-82-6 -~ .. . 
' . . . 

($000) BUOGET EARNEO ACTUAL SCHEDULE • COST • VALUE VARIANCE V AA lANCE 
CUAAENT 68 .... 96 (3.2). (5) (31.2) , .. , 

• 
CUMULATIVE "' >09 167, (85) , .. , {58) (53) 

ESTIMA TE.::-"·;-·. .. VARIANCE.:-:.: TOTAL--' . 

BUDGET 350 AT AT 
COMPLETE 450 COMPLETE (100) 

PROBLEM ANAL YSIS . 

lluth coot and odtedule-•·arianceo a,.., caused by 
July, and we're otill behind for June'o work. 

di.stortioQJ due lo unruli•lic •chedulin¡;: for-

!MPACT 1 

:Vo impact on condensing oyolom .._-hcdulc milcslon~•. 

CORRECTIVE ACTION PLAN/ 

Completion of o,·crdue inotal]~tion will be atlempt~d u O<>QO a. possihle. 

. 

EAC JUST!FICATION 1 

NewEAC= 350 • 100 = 450 

CONTROL ACCOUNT MANAGER APPROVAL 
RS. Jl.!.oter Jack Smul 

Condrn""r Supt. ........ C<>Oting System fupL 8-5-81 

TITLE DATE TITLE DATE 

• • 



VARIANCE ANAL YSIS REPORT ... 

WBS: f'..ondcnoer REPORT PERIOD: July. 1961 . 
NO.: 62-091-l-82-6 • • . 

($00(1) ___ BUDGET EARNeo-:- ACTUAL-. SCHEDULE •• cosr--% 
VALUE . VARIANCE VARIANCE 

CURAENT 68 64.8 96 (3.2) (5) (31.2) '"" CUMULATIVE .. ·- "' . )09 167 (85) . (44)- . (58) (53) . • 
. 

TOTAL . ESTIMA TE._ VARIANCE . 
BUDGET --350 -"--· AT 7-~ " 

.. AT~c; . 
COMPLETE 350 COMPLETE o 

PROBLEMANALYSIS 1 

. W al~rbox•s arrn't on ochrdule b.-CauS<' of proh!~ms wi ¡¡, •hop f •brical ion of plat~o.--·--

IMPACT 1 

e None, 

. 

-

CDRRECTIVE ACTION PLA~ 

WiU wurk 111 ro u do o•el1ime •• !loe men can stand in ordu to cal eh u p. 

EAC JUSTIFICATION 1 

No change, VAC it alrudy lost .. it io. 

. 

e CONTROL ACCOUNT MANAGER 

~ 
. B.S. \!a•t~r 

Condenscr Supl 8-4--81 8 5-81 

TITLE DATE DATE 



VARIANCE ANAL YSJS REPORT 

\ WBS: Cond~n~r REPOAT PEA lOO: ]uly, 1981 . 
NO.:- 6!!-091-1---82-6 . . 

' ·-·-
{$000) BUDGET EARNED ACTUAL SCHEDULE • COST ' VALUE VARIANCE VARIANCE 

CURRENT 68 "·' 96 (3.2) (5) (31.2) '"'' CUMULATIVE "' 109 167. (85) (44) (58) 03) 

TOTAC' ESTIMA TE---=· V AA lANCE- • • - AT .. 
BUOGET "' 

AT 
( 1 20) COMPLETE 470 COMPLETE 

PROBLEM ANALYSIS J 

Unaccrptable fabrication toleranrr• of watcrho.~ rompont·nt.o ha>·e lrfl no tolnencr• for in•lak . 
lation, Field flt -up ha. bern e:ttremel y difficult and co,tly, Exten.i•" re,.ork - drilllng:, grindin~ "eld-
ing, hu Cortsumed rnanhoun and lime in "alerbox inJ!albtiorL 

IMPACT 1 

Coot- \'ariance lo date io ""''"''"rrahle. 
Schedule - Scho•dule slippage lo unreCO>erable without •perial efforl. This d<!ay could fudher 

impede tu be lheel in•talbtion and pul tuhing on th criticalpoth of th~ ~ond~IUI· 
in' l)<lrm in•t.tlhtion. · 

CORRECTIVE ACTION PLA~ 

Manufacturer'o ~ngineu-, h~ve been uUed in and are on •ile. f_xpediting of de1ign infonnatinn 
,.1th the >endor hu improved. Ad<litionlll welden1 ha>e h,...n assign....:l. Co.t record. are h~ing main. 
tained for eventual hackcharge lo the condl•nser manufacturer. 

EACJUSTIFICATION 1 
t'ew EAC: 350 • 120 = 470 

CONTROL ACCOUNT MANAGER -· APPROVAL --
R.S. 'la"'!' Jack Smart 

Cnndenser SupL 8-4-81 Cooli11¡;: Spteno Supt. 8-5-81 

TITLE DATE TITLE DATE 
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CASE PROBLEM f 

ATTACHMENT 1. 

VARIANCE ANALYSIS REPORT CHECKL!ST -~"' 

·- ·-- ---

HEADING 

l. Are all the heading blocks complete1 

PR0!3LEM ANALYSIS 

2. Hsve I clearly explained end quantified the effect of anY errors 
on the data el_ements? 

J. Have I clearly explain(!d and quantified the effect of any 
distorticn en the data elements? 

4. Have'l identified' and quantified any si¡¡nificant labor usa¡;e 
rate variani:es? Material usage and price variences? 

5. Heve 1 given.e clear concisa explanation of the reason for the 
veriance, including any significant variances Which ere evi. 
dent efter the eliminetion of errors and distortion? 

6. Heve I evoided simply restating thet there is a variance? 

TASK/PROJECT IMPACI 

7. Heve I considerad the impact on: 

A. The immediate tasks; 
!3. Other work in the control eccount; 
C. work in other control accounts; 
D. The project es 11. whole? 

8. Have l considerad cost, schedule and technicel impect? Long­
en<! short-range? 

9. le mY explenetion sPecific? Does it tnclude d11.tes, schedule 
estimates and ccst estimates? 

10. If there is no impact or no prcject impact,-have- ¡-clearly­
supported that view? 

CORRECTIVE ACTION PLAN 

11. Have l discussed a specific 11.ction cr set of actions which will 
correct a problem or minimi:~;e the effect of that problem? Have 
r included what, who and when? 

12. Have I put my estimates oC futura performance in the impact 
block: and evoided substituting optimistic forecasts for 
specific corrective action plana? 

_,_ 
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CASE PROBLEM M! 

CORRECTION ACTION PLAN RESULTS-

lJ, Ha ve I included the results nf new. correctlon action plana 
whic;> have already been complet,ed?.--. 

14. Have 1 included the results of new corrective action plans 
from prior Variance Analysis Reports? 

U.C JUSllFIC!üiON 

15. Jf 1 have a significant cost Varisnce, )lave I exa"lined my 
Estimate at Completion? ··•· 

16. Have I either Justified why the Estimate at CoQpletion should 
be changed or expl!lined lrhy it shnuld not? 

SIGNATURES--

17. Are all of the required-signatures present?.-

_,_ 
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600 Megawatt Fossil Unit . . 
PERFORMANCE EFFICIENCY~ FACTQRS,"<''·'"---------· __ _ 

AJ'ID.":=:o 
ES'IIUATE AT COMPLETION METHODS 

CASE PROBLEM 110 

PROBLEM STATEMENT; 

Control Account (1): 

Slopit Concrete lnc. hes been aYard.,d the contrect for furnishlng 
and instsl11ng elevated concrete decks for the turbine building. 
The~eontract amount lB $116,000;- After their first full month 
of work, Slopit'a job superintendent invoices"$20,000 for .a pro­
gresa payment·;-~According to quantity'-installed reporta f'or that--~­
period, Slopit has installed st a lesa productive rete, earning 
only_$16,000 value ror work performed, 

Control Account (2): 

Wrapup Insulation Contraetors has a $900,000 contract line item 
for ineulating 8.52 miles (45,000 linear feet) of 12n 16 oil 
piping. 

After three months of •ork, Wrapup has completed ·4 ,500 feet and 
been paid $100,000. 

Control Account (J): 

Clifford Resistance, electrical engineer, is responaible for 
having our utility's •crk ere•8 install alJ.. yard subsurface 
grounding. lfith $100,000 budgeted, he hu accomplished 75:C: of 
the work, while charging the Job only $60,000. 

Your company has previously prepared the estimate at complete 
shown on the attached •ork sheet. No• that control account 
status shown above has beeD gathered, it is your Job to review 
and validate these EAC'a. 

OBJECTIVE: 

1. Calculate the Cost Perfor~:~ance Indu {CPI) and the To Complete 
Performance Index (TCPI) for each of the above Control 
AccouDts. Use these calculations as the basis for a discussion 
of the probable validity of the EAC. 
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Case Problem 110 
.. .. 

2. Calculate the EAC for each control account, ustng tbe two 
eample EAC prediction methods' sbown· below.'.c Use ·thes·e_ predio. 
tions to discuss the probable :v~l_id_:;.:~!-ot' the EAC; _:. 

A. BAC 
EAC •-

"' 
{assumes that perf'orcance will continue at tbe rate that 
has been eJ:perieneed ·1n the past) 

B. EAC ~ ACTUAL COST-+ {BAC -_ EARNED VALUE). 

ACTUAL COST + REMAINING ~ BUDGET 

{as suce11 pl anned perform11.nce. for- remaining effort) 



e 

The !orcul.aa are:---

EARNED~. ~ 

VALUE "'-t 
CPI " " 

ACTUAL 
COST 

WORK. ACCOli:PLlSHED-r• . 

. ·---- ------ --- .... -_ ··-· 
ACTUAL COST 

'" EARNED V ALUE BUDGET FOR REMAIIIING WORX 

TCPI : ~ ----------

EAC - ACTUAL COST ESTIMATE FOR REMAININO WORX 



' 
Í) \ 

--' . 

PERFORMANCE EFFICIENCY FACTORS AND F.STIMATE·AT-COMPLETE 

" (Data in S Thousands) 

Predicted EAC 

' ·---------------------
Earned Value Actual Cost BAC EAC CPI TCPI Method A Method B 

[ 1) 16 20 116 ¡ 2 o o;~ 1- o /</S l ;2tj 

[ 2 ) '" lOO 900 1 0(10 ¡ ' .. - ' 
-

[ 3) 75 60 lOO '" 

n 
• • • • 

" " o 

" H 

• S -H 

o 

• • 
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Case Problem #10 

Solution 

PERFORMANCE EFFICIENCY FACTORS AND ESTl/.l.ATE AT COMPLET!ON 

($ Thousands) 

Earned Actual Predicted EAC 
yelue ccst lli_ EAC CPI '~'CPI A' ill 
(; ) " 20 H6 u o . S l. o 1 L. 5 1. 2.0 

( 2 ) 90 ;oo 900 1000 . 9 .9 100(' 9'0 

( 3) 75 60 'DO 90 1.25 ·" 80 S5 

• 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

REPORTING ANO ANALYSIS 
..... v .... 

REPORTING ANO ANALYSIS 

TRENO ANAl YSIS 
MONTHLY 

- AEPORTS 

~& r:::: =':w=J - •• ::::::. " ~ ' ~ 

KEY INDICA TOA 
REPORTS 

CASH FLOW 

COMMITMENTS 
~~·r"•"'-

sCHEDULE 

PROCUREMENT STATUS 

RESERVE APPUCATION 

CHANGES 

PI:RFORMANCE 

MllESTONE AEPOAT 

PUo acnoo¡ PU• ocruoJ. tsnMlf! 
DU.CRlP1lON lllfll liJAR! tli!OPUTI COMI'UTI CCIIPLrn 

lliM!MT 

............... 
Uf><UN ANDt~SE>I O CO, IIUM ... AE'n O A5SOCIATI!I 
AIRig.lORuo,.._ 

' 

AEPORTING ANO ANAl.YSIS 

¡}!' REYIEW REPORTS AVAILABLE TO MANAGEMENT 

¡? PROVIDE A REPORT TO RELATE COST 
ANO SCHEDULE PERFORMANCE 

11i PROVIDE TECHNHlUES FOR ANALVZING 
PERFORMANCE 

-· 
'""""""~ 

SCHEDULE 

• ~~ ••&<""'''" • • • • eo•JIWTOO .. ~~· """'""'"'"" ·=· ""' "'"" ••• 
" 

• ' 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

REPORTING ANO ANALYSIS 
.._v,...,,.,., 

......... - -­........ 

LABOR HOURS 

~--

'"'"""" PUS ··- - 1- O>. 

ANYONE CAN DO THE 
ANALYSIS 

TRADITIONAL 
APPROACH 

''""'" " ··-
·-

PLANNEO - ACTUAL = VARIANCE 

76,000 80,000 = (4,000) 

• 

PUII~II.ls• CIRDU 

.................. _._. .... ·- -...... -
--· _,....,., 

PERFORMANCE MEASUREMENT 
APPROACH 

EARNEO SCHEDUlE 
VALUE BUDGET - VARIANtE 

$70,000 - $76,000 = ($6,000) 

EARNED ACTUAL COST 
YALUE COSTS - VARlANCE 

S70,00D - $811,000 • ($10,000) 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

REPORTING ANO ANALYSIS 

WHO DOES THE ANALYSIS? 

THE OWNER 

PERFCA .. UCE UPCRT-WO .. IRUKDDWN 
STRUCfURE 

• 



" ' ' 

,,---,CcHA::CCNCGCE--:cCcONCTORCOCLc-\ 

' 
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"MAN.~GING INDUSTRIAL PRDJECTS" (MIPS) 

CHANGE CONTROL. 

1. POLICY 

' -...... , .... 
AAI"VA ~~"<RK•. CO. HUMPnAH$. _.S<O<:IUU 
liAoglrbAOM,...._ 

' 

t,;HANt..t: t;UNIHUL. 

OBJECTIVES 

a{ DfSCRJBE A CHANGE CONTROL PROGRAM 

a{ REVIEW TYPICAL CAUSES Of CHANGES 

a{ SUGGEST WAYS TO CONTROL CHANGES 

I1Í OISCUSS IMPACT OF CHANGES ON A 
PfRFORMANCE ORIENTED APPROACH 

ELEMENTS 
OFA 

CHANGE CONTROL 
PROGRAM 

MANAGEMENT PARTICIPATION 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

CHANGE CONTROL 

3. TIMELY & ACCURATE 

15. EFFECTIVE PLANNING, 
NEGDTIATION & ADMINJSTRATION 
OF CONTAACTS 

"-

SOME TYPICAL 
CAUSES OF CHANGES 

• 

4. FORMAL TRAINING 

1. FORMAL 

2. INFORMAL 
(CONSTRUCTIVE) 

IIHECTIV~ OR INCDMPUITE ORAWINGS ANO 
IPECIFICAnONI 
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"MANAGING INDUSTRIAL PAOJECTS" (MIPS) 

CHANGE CONTROL 

LATE DR DEfECTIVJ;: OWNER-FURNJSHED 
MJI.TER!ALS ANO EDUJPMEIH 

CHANGED 
SITE 

t-.· U· 
COLLATERAL WORK- ''IILPPLE EFFECT' 

• 

CHANGES IN REGULATORY 
AEOUIREMENTS 

INCAEASEO INSPECTION OR 
ACCEPTANCE CRITEAIA 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS). 

CHANGE CONTROL 

' 

RESTRICTIONS IN WORIC 

EFFECT OF CHANGES 

O~IGIO.ll. USEUIII 

INTERNAL REPLANNING 

' 
--

CIRIG!II.I.C~~· _,,.:.•e-'--­lo\SEUNE -
--

1 'ltfYitfll 
- IA.SWNE 

• 

ah o.-~(. 

DEFINE SCOPE 
OF WORK 

CLEARLY IN THE 
CONTRACT 

VISIBILITY OBJECTIVES 

• MAINTAIN A BASEUNE WHICH 
REPRESENTS THE WORK 
BEING DONE 

• MAINTAIN PERFORMANCE 
TRENOS 

AUBBER BASELINE 



1MP LI:MJ::N"IAT l UN :, ____ ---

" ' 

• 



\ "MANAGING INDUSTRIAL PROJECTS" (MIPS) 
IMPLEMENTATION 

·--

e 

e 

.,,,~y"'" 7H>1 

PERFORMANCE 
ORIENTEO APPROACH 

IMPLEMENTATION 

IMPU[MONUTODN PADCUI 

..,¡_ 
\ -·-~ 

1 r··;: 1- ·--...... - -~ ... -~ 
·~·" 

_._ 
1,--- -
~ 7-::. • 

IMPLEMENTATION EFFORT 
OWNER IMPLEMENTS DETAlL SYSTEM 

• WDAK DEFINITION 
• RESPONSIBILJTY ASSIG/IMENT ANO CONTROL 

ESTABLISHMENT 
• 1 , ESTIMATJNG ANO PERFORMANCE 

' . ' 
• 
• 
• 
• 
·~n•IQ•• '"" 
ARTHUA ~NDERSE>I 1 CO, HUUPHAEYS l&S!<>CIATtl .... "'""' ........... 

' 

IMPLEMENTATION 

!!{DESCRIBE A TYPICAL PROCESS 

l1f DISCUSS IMPLEMÉNTATIDN 
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IMPLEMENTATION EFFORT 
HlGH RISK CONTRACTS OR PROJECTS 

• CONTROL SYSTEM REOUIREMENTS IN 
AEOUEST FOR PROPOSAL (RFP) 

• RIVIEW Of BIDOERS RESPONSES 

• IMPLEMEIHATlDN REVIEW 
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"MANAGING INDUSTRIAL PROJECTS" (MIPS) 

IMPLEMENTATION 
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I;IJOjDUCT OF AEVItWI 

SVSTEMS 
RE\IIEW 

WI<'RE ONLY 
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REVIEW OF 
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j IMPLEMENTATION CONSIDERATIDNS 

OWMU 
0WM!R 

OWMER KICM MOMITORS 
l!V!l OF IMPl!M!MlS 

PROJ!CT 
IMVOlVEMEMI FORCE ACCOUMT CHAl~ 

OR DETAll C.M. USTUI SUMMAR1 OWMER 

1 OEIAIL OPERAHS OR 
MONITOR$ 

SUMMART 
SlSTEM 

cow 
MOMI!Ofl!MO 

IHROUGHOIJT 
PROJECT 

Uf! 

OWMER OWNER 
COMIRACTOR REVIEWS COMIRACJOR MOMITORS 

< COMIRACT mGH IMPLEMEMJS OP!RAHS PROJECT r RISI OUAil 
... 

O!TA!l. 
SHHIII APPROY!S USTEM SUMMARf 

SYSIEM & OETATl 

' ' , .. 
CON TRACTOR 

OWMER 
COMIRACTOR 

QWN[R 

IMP\[M!NTS 
R!VJEWS 

OPEfiATES 
MONITOR$ ... PROJECI 

CONTROl APPROVU SUMMAR1 
STSIUI SfSUM SYSIU! 

SUMMART 
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' "MANAGING INDUSTRIAL PROJECTS" (MIPS) 

AUTOMATION 

e 

e 
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AUTOMATION 
CONSIOERATIONS 

REDUIREMENTS INCREASE 

DWNER'S 
CO.II.PllltR 
REQUIRE· 
.II.ENTS 

OWNEA LNVOLVEME~T 

WITH DWNER INVOLVEMENT 

CONTROL SYSTEMS MUsr 
BE IN PLACE BEFORE 
MOB/LIZATION 

CO" HUWP'I<~EYS a .0.SSOCO~TEI 
• 

AUTOMATION CONSIDERATIONS 

rl
1

1DENTIFY FUNCTIONS THAT BENHIT 
FROM AUTOMATION 

a{ DEFINE AN OVEAALL AUTOMATION SCHEME 
[!{ DISCUSS AUTOMATION ALTERNATIVES 
ri PAOVIDE APPROACH FOR USE OF 

A COMPUTER 

AUTOMATION ALTERNATIVES 

• USE EXISTtNG SYSTEMS OF A.IE, CONSTRUCTION 
MANAGER OR CONTRACTOR 

• DEVEtOP CUSTOMIZEO OWNER SYSTEM 

• UTILIZE SOFTWARE PACKAGES 

• COMBINATIDN OF ABOYE 

SYSTEM ESTABLISHMENT MAY 
AEOUIRE SUBSTANTIAL 
AESOURCES 
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FUNCTIONS WITIH AUTO~ATION POiiENYIAl 

PROJECT PLANNING 

• WBS 
• ESTIMATING 
• SCHEDULING 
• RESDURCING 

(LABOR, EDUIPMENT) ~ t'-----1 
DATA ---1~ 
BASES 

¡_::C:::O l:::l::::E C::..:T:.::I N:.::G...:.R:.::E:::SU::lc::TS:...._---1/ 
• PAYRDLL SYSTEM 
• ACCDUNTS PAYABLE SYSTEM 
• MATERIALS SYSTEM 
• PURCHASING SYSTEM 
• GENERAL ACCOUNTING 

REPORTING RESUL TS 

• PRDJECT 
MANAGEMENT 

• ACCDUNTING 

• 
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PROJECT PLANNING 
WBS SYSTEM 

¡--;:.~~~~,:~·-l------+ ~ -------•1 

SCHéCULE / NETWORlS .. 
SCHEDUlE SYSTEM 

ESTABLISH .I.VAIU.BLE ·~ 

RESOURCU SCHEDULE$ 
SCHEOlJL[ 

DATA 
BASE 

lABOR 
ESTIIUTES 

OTilE A 
ESTIMATES 

CHANGES 

... 
DATA 
8ASE 

I'RDlECT ACCOUNTING SY 

ESTABliSH 
ESTIM.I.HS 

4 

COST 
DATA 
BASE 

STEM 



IREPOIRTI!\!IG IRESUL TS 

SCHEDULE 
DATA ---!>1> 
BASE 

SCHEDULING 
SYSTEM 

COST 
DATA 
BASE 

PROJECT 
--i~ ACCOUNTING 

SYSTEM 

o MANAGEMENT STATUS 
SUMMARIES 

o DETAILS BY RESPONSIBILITIES 

o EXCEPTIONS 

o SPECIAL ANAL YSES 



SOFTWARE PACKAGIES - SCHIEIIJULIE 

MINIMUM 
PACKAGE VENDOR COAE SIZE LANGUAGE 

MSCS M cAUTO 140K FORTRAN 

SUN 
/NFORMATION 

PREMIS SYSTEMS 200k BAL 

PROJECT 
SOFTWARE 

PROJECT 2 OEVELOPMENT. INC. 200k BAL!/CETRAN 

PMS IV IBM 75·100k BAL 

PROJACS IBM 144k Pl 1/ASSEMBLER 

PMCSt66 HONEYWELL 104k FORTRAN 



SOFTWARE PACKAGES - COST 

MINIMUM 
PACMAGE IIEN¡JOR COAE SIZE LANGUAGE 

COPES M cAUTO 190k BAl COBOl FORTRAN 

SUN 
JNFORMATION 

PICOM SYSTEMS 200k BAL 

FINPAC AA&Co. 120k COBOL BAL 

CONSTRUCTION 
INFORMATION 

CCES SYSTEMS 256k BAL 

PROJECT SOfTWARE 
PCP DEVELOPMENT. INC. 256k BAL IC[TRAN 

PMCS 66 HONEYWELL 104k FORTRAN 
CMAS lB M 16k RPG JI 

PMS IV lB M 75k-101l0k BAL 

PROJACS lB M 144k Pll ASSEMBLER 
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GLOSSARY QF TERI.(S A~D ACRONYMS 

Actual Cost (AC) -Actual co:;t:; which are recorded for work 
perforQed on an applied cost basls (see ;,pplied Direct 
Costs) and repon.ed in intúrnal cost reporta ~nd surnmarized 
l:Jto tbe Perforr.,ance R¡;¡port (PR). 

BAC - See Eud!';Ct at Go~:~pletion, 

Budgct at Co~:~pletion (BAC} - The BAC is equal to th<:! suc of 
all cost account budgets. 

Eurden - See I!ldirec~ Cost. 

CA - See Control .'.ccount. 

phart of~counts - A foroally maintained end controlled 
identificetion of thc cost clcrnents (labor by type, material, 
flllocation overheed, etc.) . 

. ~ontract Tar¡;et Cost (CTC) - The esticated cost ne¡;otiate~ 
~n a cost-plus- or fixea-fee cor."\.ract, or the "negotlated 
Contract '!'ar¡;:et Cost in either a flxed-price-incenti·;e 
contract or a cos~-plus-incentive fee cont,-act. 

Control Account (CA) - An identified level ,.-ithin the WBS 
and o¡·ganlzaTion structure nt which costs ere collccted in 
arder to compare p~anned and actual direct labo,-, material, 
and other direct costa wi th earned budget for rnRna;;c!.~eni 

control purposea, It iS for10ed by thc intersection of the 
organlzational structure and the WBS. It is the focal point 
of cost/schedule cont,-ol, wlth a specific respOI!sible mana.-:er. 

Conorol Account Manager (CAM) -A r.Htnager who is directly 
responsible for the pe,-for~ancc of the CA task. 

Cost Ele.ccnt 
Fleoents arc 
and indirect 

- Synonymous -..1 th Elementa of Cost. Cost 
types of cor.ts: dlrect labor, <Hract l:".aterial 
costs. 

The value ear!led for every 
expended, 

Cost Variance (CV)- The alge"t>,-aic difference bet·,een Earned 
lalue and Actual Cost "'l thin a reporting tiloe period ( CV : 
Earned Valt.:e - ,;ctuals). 

f..:!:.f - Se e Coz1tract Target Cost, 

CV - See Cos-;. Varlance. 
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- A milestone T-hich has s dcftnite, 
in tine, signallng the finish of an 

activity, ss "release dra..-ings," pipe inspOJction cor:,plete," 
and/or slgnaling the stort of a new !iCtlvity, 

EAC- See Esti~ate At Completion. 

Earned Value {E\') - Thc sum of the bud¡;;ets for completed 
v;ork packages and comple',ed portlons of open work packa¡;es, 
plu~ the appropriate portian of the budgets for level of 
effort snd apportioned effort. ' 

The cstlmated total cost for 

ETC - See Estimate TO Cornpletion. 

- Esti~nte of costa to complete 
to completi.on. 

Functionnl Organi~ation - An or¡;anization or group of 
or¡;&nizations with a com::~on operetionRl or.ientation, such as 
Quallty control, Englneerlng, Purchasing, Accounting. 

lndirect Cost - ResoUl'Ces expended and not dlrectly identified 
with any specific \','3S p,-oduct or service, 

Internel Replannlng - Replanning actions performed for 
~ining effor~ withln the racognlzed total allocatcd 
budget and schedule. 

Labor R~te Varlances Dií'ference between planned labor 
rates and actual labor rates. Labor rate vari&nces are 
derlved -oy subtracting from {actual hours X pl~nned ratea) 
the (actual hours X act~el rates). 

Objcctive lnCicstor - Sec Discr~te Milestone, 

ODC - See Other Direct Costs. 

Othe"' Direct Costs {ODC)- The rern&ining direct costs, other 
than labor and material, which carry administrativa burden. 

Overhead - See Indirect Cost. 

Percent CoE'.E,lete Earned Value Technique - Tasks thst do not 
hsve a definitiva nessurable output for cost and schedule 
perforcan~e !:leasure.r;ent ~:Id are consequently controlled by 
time-phesed budgets establlshed for that purpose. The 
anount of Percent Cornpleoe should be kept to a minimurn. 
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- Tha timo-phased 

~;~r:;;~;n::":~: is neasured. 
by the ~ to schedult>d costs 

and thc applicuble 1ndirec budgets. For future 
not planned to the <Jontrol account level, the 
. e Measurement Baseline also in~ludcs bu<!gets 
to higher-level ~.'BS element¡¡'. Jt equals the 'otal 
budget lees lJ.ansgement Reserve, 

• 
Performing Organization 
resources to sccomplish a 

The organizational 
task. 

element expending 

- Diffe,.ence be'vv;een the planned cost of a 
its actual coat. Price variance is 

from (actual quantity X planned cost) 
actual cost). 

Rolling ~·oa·oe Concept The p:rogressive refinement of detailed 
work defi:litiO"il"""byContlnuous subdivision of downstrean 
actlvlties into near-term tasks. 

Schedule Varisnce 
and budget vd th.in 
Vnluc - budget}. 
perfornance. 

(SV) - The difference beh:cen E,.r,eo:! \'alt:e 
a reporting time period (SV ~ Earned 
Not an accurate I:leasure of project schedule 

Task- A task has the following characteristics: 

(1} It represents units of work at levels where 
work is perforrned. 

(2) It is clearly distinguished from all other 
tllsks. 

(J) It is assignable toa single organizatlonal 
element. 

(4) It has scheduled start and conpletlon dates cnd, 
as applicable, intcrlm l'lilcstones, all of v.hich 
are representative of physical ~ccomplishment. 

(5) I' has a budget or ansigned valuc expresscd in 
terma o!'. dollars, man hours or ocher measurable 
units. 

(6) Ita duration ls subdivided into discrete value 
nilestones to fecilitate the objective nessurement 
of work perforrned. 

(7) It is integrated with detailed engineering, 
construction and/or other schedules. 

To CoQplete ?erforQance Index - The projected value to be 
ear~ed for every rneasurable unit to be expended in the 
future. 

Usage Varience {UV) - The UV is the difference bet~een 
pianned quen-:..ity of Qat.erials and actual quantity used, 
expressed in doll(!rs. UV is derived by subt.raetlng from 
{plS!!ned qu¡wtity X plan,ed unit cost}, t.he (actual quantity 
X planned unit cost). 
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VAR - See Va.rience f,_nalysis P.eport. 

Varlance Analysis Renort (VAR) -A report r.:ade by tbe respon­
s(ble nanager to explain a significant costjschedule variance, 
ita probable impact on the projcct, !lnd the corrective 
actions taken to resolve the proble~:~(s). 

Yariance Thros!lold - Tbc amount of vsrlance beyond which a 
?roble;:; AnalysiSI!"eport is requlred. Variance paral:leters 
differ, depending on the function, level and stage of tbe 
project. 

flork Break~own Structure (1\'BS) - Thc 'IIBS is s product­
Qriented family tree dbiSionor har~ware, software. services 
and other progra~-un~que tas~s. 
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1 Sloo"· ls Rebuital lo Co.-~mgf 
Of Firm's :\udear Plan! 
By '60 )finutes' un 

""Thls <razy tl"Jn; do.sn"t ,..,m w QUl~·· 
sa)"! a spoi;= lc.r Illmo>o p .. .,. ,...¡.,.. 
M; "' tht 6emand !or ""O) MinutO>: Out Re- . 
<p>DSe."" • vid..,t.opo 11 prOOutod •!tu tho 
oloo""""''.IJY ~ l&mbuud mAOafO" ' 
DlOCI ....S =t o=tnlat lb o ••• C"Uotoo DU· ·. 
clu.t !""" plillll. Tilo De<alur. lll·lwod. 
Ull!l!y )),u <hsttlbu~ ""'"' lh>JI ~ <opio5" 
""...,...., lb• ¡ru1 r...- mooths. 

A loot at tho '""" !.0 ibe editor 1ll Oll)' 
'"""P'P<'' Wlll >bow "'"''"''"" .. d roiJ"-fl· 
o~os· DrW1 ~" dorn :L!w>yo ~t... 
Som• compat.l.,. "''""''l)r .. , .. ,.!" .• thrlt 
I'XO<utivos" TV lnt<mewo llltllO!S """"''"'! 
•• """"..,. ptOfnrn"" pes • "'P lunllor. • 

lli"hal bourno • ""pollll-<""""r¡xr.ot"" 
¡,."'""" t)>o util!ty ond OJiumbJa Bro.od<:UI· 
b>( Sj."Sttm bqalo .. a pn;:••UCII •ll<n U 
boc.aJno cJou lo lllil>::>ls Powor 111>1 a!S 
""dldn"t <Ctt"o< oot lo do • lovo sto¡y;· lllo 
romp.:u¡y spoi;=w sayo. Tbo utill¡y 
~ lh! ""fll MI>..,.. •. pi .. o • ...., ID 
about >! m!llloo borne< oo Nov. l:> l.ut )Uf. 
W>.S fu]¡ e! orron &lid lna.loquacl ... TU!o¡ 
tbo ..... Ml.oules"" """""' ud lnt<"P<'r=.r 
tts own u.po and Ct>frlm<!>t. lho u!illt¡; putlo­
t"iber a <2-<runuto ~. d<>tlllod a¡ !int 

, .. c •.•• _.,.,~.,.".,, p, .......... s .•. 

.. ·- --· ==;:-r-;;:===:;;;;-J!W employ<s. ~de,.. a~~d oostom- Tl>o !<lea 1s lntt1¡1J!Ar 10 Commoao. .. J:b 

llul word spreo.l, al>l ""'" lllinOJS Ptowtr 
wu bwiod 1o '""!U<SU !or """'""· •tuch 11 
t .. pro;1<lod r.o UJ)'OD< .. bo ..,, !.o a b!ao); 

"" -• 
' , 

Edloon Co., 111,., ctll~burcl u!!J¡ty thM: 
¡:<nor.tes ,.,,. oud•.,. power tlla.o llllY i 
otllor. StmllWie<JUsly !&¡>in; DOW'S <O><nc< 
.. ls .,,.....hlnf we'd (1•< rtroo; co.u:~dm.· 
bon to," a '!'lhsrnan "'"' altrr '"""'C 111¡­
""'" !'Uw<r'o upo Tb< '""""' PI'OftOIII "oor-..aloly "'"«! lWI>ot! Po·..,, ..-.n. ""<~ 
li'S """"<lunf W<'d thinl •bouL" 

Tbt "60 Mll!uo,.·· -.rs ltilm. .,.,.,. 
..-hiJo. ~»sa·t had "'>)" ot!i.or cwnparun u m­,.,.i..,. !o!lo'w Illmols l'm>er's '''-"'PI<. o 1 
>f'Ot....,o=n U)'$. Sh< .. ys ''60 Minutes'' ' 
>l"•YI bu lllowed slmuil>l!«>U> aodlotap- ~ 
!n~ o! lts inlt'n"i.,.., Whilo llhnms P~Jo,·or 

""' tilo firsl <:OfJl¡w~y 10 '"'~""' >idf<)t.l¡>­
m:. u.. Prornm >llc'l\'!'d 11. lll<l ~111 =· , 
"""' 10 do OO. "'' 5&1d- 1 
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PROJECT RESERVES 
A kfY TO MA""'CING COST li.ISKS 

¡<>hm w_ "'""'' ... 
Williom F !!->.""""'· 

Anhu< \..&.,,.., l Co .• 
w.,h;orton. D C 

Hloto~lcally, eoot cotiAAteo !or o~cl!ic 
lonq-term projecto have inclu~ed a contin­
qency amcunt te eover - hope!ully - ~e 
coot o! uncertain rioko or ·un~nowno", 
The A~t~CW\t o! the continqoncy vades by 
project de~ndinq en ouch varial>lu u the 
'ototo of the &rt', fi~el& of project 
de>iqn ocope, and !or other 'W>dOcuroented" 
u~•ono. 

llo vHl ducribe procedw-u that hove t-on 
preven to pr<:>vide o l>o.oia t<> help o-Id In 
the control of coot rhko. OUr approach 
diHuo !ro,. t1:1o hiotodcal oppro•~h by 
UtabliAhinq project coat ruerveo a the 
project cost esti~to for opec>fic coot 
ru~s. Project reserves prevido U>e 
Oppo<tunity !<>r """na'iernent to focuo otten­
tion and reoourcu on the ma¡or ru~s. 
The un o! project reserve< ohould !>e o 
key !octor in a ~roJect coot control 
proqr.,.. 

Project renrve• are opecul prov»iono 
!or W>CHt~intieo d!<"ctinq the con o! 
t.~e projcct. A variHy o! reserve• ohould 
l>o includ~d ;n the total phnne~ coot for 
• lon;-term project •• contin~encieo 
•9aonot i~occ<>rate prelll>.in..-J' utimatn, 
ochedulc olipp.oqe, techn>c•l problerno, 
potentiol mínor chan'iU in project ocope, 
opedtíc ovonu "hich """Y or a:..oy not 
occur, etc., and u an overol! hed9e 
•'i•inot prcble!U nct antidpned at the 
time when the prdi.m.inory project cono 
"""" apprcvO<I. 

'rile uoe of th• Uno 'rue.-ve• u ddined in 
thio p<OJect ""'na-;eooent oenu io nct the 
• .,.. •• an~ ohould not be equatO<I "olith that 
term u it io <>!Un de!ined on~ uud in a 
!inancul aceountin'i ond reportin'i ocnu. 
In addiUon, the project rUHve ohould not 
be conoid~re~ ao part o! orlq>n•l le~al 
requin.,.<"nto of ony o~cif>e contuct U .. e., 
llnticlf>'ltinq formol chonqe ord.ero, in!orm.ol 
ch&nqeo, d.eloyo, ouopenoiono of wor<, etc.), 

lt h il>perotive th.t noerveo be ;iven 
proper vioibility and that U>cir utal>lloh­
-nt, 11U, and rau of con•""'!'ti<>n be 
IIIOnitoriOd clooely ot U>e proper lovcl ¡n 
Ule project or9aníution. The oo-ctiono 
thot follov describe" proced.uru to erute, 
utili•c, ond ~n-ltor project reoerveo, 
'rheu procedureo ou beinq uoed by tbe 
project .......... -=o.nt d.ef>'lrtmont o! o utillty 

on o project to desiqn ond conotruct two 
lor9c electric 'ieneutlnq unito. 

F"ollcvinq to a detinition o! Op<>cific 
to.,._. "hich are uoe~ te dcs~ribc ~he 
project reserve procedures. 

'!"he approved bu~9eted co•t :or ti>• 
project. Project reoerveo ore 
includiOd in the to~d phrm-.1 coot. 

Com-..dc-
ThO plonne~ C"Ost tor project oe9""nts 
"hich hove bun co,...Hted to controc­
toro ond venden b.ooed on ~wH~ed 
e<>ntracto ond purchue orden. 

The current ~Ot <Stimote of cost• u 
co<nplH;on. T~c uoe of !orecuted 
coot in the pro¡~ct coot control 
uporu doeo not requ;re t..~e fo~"•l 
opprovol U5ocuted Wlt~ plonned 
coots. 

-r..o types of controct reserveo are 
uoed- SpecH1c And Generd. Spec>!ic 
contract reoerve5 are eouhlUhed for 
·~cific eoot ~u~o !or projcct 
oe9"'flnto or contracto. In ooJ>C cuco 
then "111 be ,.uHíple oped!l<: 
reurvco uoocuted "Hh • controct. 
c.neral controct ruerveo are uta!>· 
JHhed !or otinor chon~es .. ~ich "'-"Y 
oecur durinq the contract. 

A rc•erve !or t~e prOJect not u•on­
ated With opecihc project n'J"'ento 
or contracto. 

Thue are tour ,..jor principlu ... oc>oUd 
with project ruerveo. 'rhue princlplu, 
"olhlch ou deocril>ed belO'If, are. c:ll 
Asoeu Rioks, U) E:otahlioh P.<"Ouv .. ~"hich 
Arc oo Sp<~ci!íc ~· Poooible 1 ,lll Dcvelop 
Project Coot Utim.ateo, .ond 1~) """i9n 
Speci!ic U•erve P..eoponsib>llty to 
Jnd.ividUOlo. 
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,.h., proj..:~ 1011n ~ revh·vood to 
deten>ine U.o rbh no<><:hte<l vitll 
each aeq=ent or contract. ~e level 
ot detail for riak identification 
ahculd reflect U.a magnitude cf the 
rük and t.he pila .. of the prcjecL 
On many projacto, thia riok aooeoo­
.. nt .. ,.,¡y fo~lileS .n info~l 
project procedure. 

A •ajor !actor in aueuing riü ia 
detc,.,.iniM U.e d..,.-.., in vl>ich the 
deaign, ~nuf&cture, eonaLructlon, or 
inotallation of a certain ae~nt of 
t.he proj .. ct repnaanu an &~Hnce in 
the &tate of Ue ut. In our axperi• 
ence, tl'le•e r.loks are _typicdly 
undeutoud to a dgni!icant deqree. 
A aecond factor in riok aooeooment 11 
to ident>!Y material• or equipmcnt 
vhich are >n ohort aupply or vh>ch 
are partit:Ululy auoceptible to 
inflationary preosureo. Clooaly 
nhted h the idantificotion of l<>n9 
Iead time material o and equi~nt 
vhich, by their estend~d pr~~ur~ent 
cydu, ,.,.y upreunt a ~igh ~egree 
o! cost uncartainty. ~base procura­
'"""~ unceruinhu eu cfun ba 
m.inirniud thrcugb eftectlve purchasing 
policieo and procticeo, lncluding 
obtainlng ~otcs and finsl11in9 
ccntract• for lon9 lead or short 
supply !te~s at ~e earliest procticol 
pO>nt In tb project. Bo.,.ever, s 
key to Ntedal and equipl>cnt control 
in the urly plannin9 and budgeting 
ph.,.e o! o project h t<> identity 
potentlolly len•>tive ite=s so that 
the reQu>r~nt for re~erves can be 
deteno.ined. 

~he r.ature o! the ccntrocu antlci­
peted for uch Seql>ent of a prcject 
muot al so be con<idered vhen evalUAting 
ruerva require...,nu. "'""" an e>~rnu' • 
aundpOint, fcr ex....,le, &ny u,.-nu 
of the pr<>ject vhich .-y be performed 
on a cost-plus-f~od-fee (CP'fl bosis 
or under • price subject te escdation 
vould generally involve qruter con 
uncertainty tho.n U.ose Ui""'nU 
~r!orm.d on o fira prico, lump-sum 
buh. ';he CPFF or>d ~~c&lauen 
contra~••· Uloreforo, voul~ normally 
ra~uire ¡orger r~oarves to cover the 
increoiO'd cost unccrtunty. 

EoUb15h 1_,-. .. WhldtA<o A> 
Sf-if;c ... ,~ 

Tho 1110re opecific the reserve con 1M 
d~hned, t.be grutor vi U be .... no9e­
-nt' o ab>lity to IIIOnitor the use and 
avoluou ~. odequocy o! t.he reservo 
os the project proo¡ruses. Por 
~~lo, s specific contract rooerve 
could be Utoblhhod for uuo b.ocHHl 
chuges te eovu tl>e rio~ t.h.ot tho 
fill -ateriol ohrinksge all~ance 

wculd be axcoiOded in an a&rthvark 
controct, 

When opec>fic ruerve n<¡uiu ... nu 
ue eoco.bined vith oU.oer contin<¡ency 
amounto, it 1o for IliOn d>fficult to 
1110nitor ~. usorvo usa<¡o u the I'Otk 
pr09runo. 

H tho reservo is D<>t r....,ired for 
ito intended uoe, 1t io outoNtlcally 
roturned t.o ~o ovoroll monoge10ent 
reservo tor t.ho projoct, Convorsely, 
H probleJC5 dovelop, t.ho ope~1fi~ 
r.urve would prevido tho visibHity 
neeessary te ovaluoto tho additional 
cost requira=ento. 

A noriiLill procod<Ue h t<> idenufy 
<¡anerol controct ruervos os weU u 
opecific ruorveo, Ter UO.Jnplo. most 
len9-to...., contracto on • projoct 
vhich overlop enginoering L~d eonstruc­
tion vork ,.;11 incur chu9es, ~hu•, 
a 9oneral e<>nUact reservo f<>r ch.onga 
orden wou.ld be uubliohiOd for t,h., 
ot.hcr contraet eoot rioko that ue 1>0~ 
¡>40V'-cled for in o opee>!ic reoerve. 
Exhihit 1 >lluotrates type• of controct 
tUCn'OO. 

.unr.u.T1NO v.o.~•.onc• 

. to..- ...... .O.D<>S 
• ,..1T "'"C! .O.Ot>S 
·"- a .... T. loDD$ 

[)(loi101T 1 

!IY ll:GM"" OR 
eoo<T~•cn 

~he estobtis~nt of contract •~•erves 
deos not, ~.ver, preclude the need 
for a .....,.~~nt r .. ervo for u.a 
project. 'rhe ~~~ana~ement reoervo u 
noeded LO cover ovents wbich invori­
ebly occur during lon9-term projects 
b~t vhich CanbOt bo •pec>!ically 
anticipoted vboo project cost• are 
approved. 'rhe ~gamcnt resorve 
shoul~ b<> estohliahod, baw•ver. only 
dter the ruerv .. for spec>fiC 
n<¡»enu and conuacu Uve been 
de!ined, ovotuated, and approvo4. 



e 

Du<~ ~toft<t 0:.1 ~-

It io critlcal ~t the ~jor eoeu=p­
ticJIO .,.ed to devd<>p the rnet'Ve 
eetimateo be thorou~bly d~umente~ 
al>d ut..in~ !or rdennce. Thio 
~oc~ntation of tbe eot~ttn~ lOqie 
provide• management vith a ~•i• for 
revirv and approval of the eotimAteo, 
allovo for ouboequent rea••••~ent <>f 
the eotimateo •• the project pro­vr•••••• and provi~eo a hiotorical 
~ta beoe for developin9 eotimate• on 
daUar project. in tho !Oturo. The 
level of dotail bAY vary subotantiolly 
by projRet oe,...,nt. EotimaUn~ of • 
reserve r~ire=ent for a otste-of­
ut taslr., for e~..,ple, ,..,y be le"" 
ufine<l than thou developed !or ...,._ 
conventional construction worlr.. In 
any event, the eotimatin~ lo¡¡ic 
ohould be retüned for subse~uont 
analyoh, 

The projeet reoerv• procedureo muot 
be inte¡¡rat~ with tbe eoat eotimatinq 
function. TO be effective. coot 
•o~il>atu =uot 1>o or~anhed the .,.ay 
that tho woü vill be conotrucud ancl 
mana9ed. ln additi<>n. eost ut~ton 
and project manage=ent =u•t ~rlr. 
clo&ely together to i~ent1!y the 
rio~~ aosoclated with speci~l prcject 
u~ento and their nopective cost 
nti.Jo.tes. 

lt io eooenti~l that the !o~t !<>r 
presentinq the project eost @ltl~ate 
id~ntif~ the reserve• uo<>ciued wl tk 
uch project oe.,..nt controct. 11 
•~ry cost est~te rcport is ohown 
below. 

St.NI.lARY Of OHINITIVE UTIMATE 
(Ocltor> "' $!)01)¡ 

- -~ -m ~ 

• '"" • "' • '-""' ··- ~ '·~ 

"'"' ~ ,..., 
1 1 
1 1 
1 1 

"'·- 100,000 --··--- IOO,CDJ 

~.-

~ "Tht c!eta;~ el ,....,.,... lot -~ «>n......, on ,_, ln 
• _.,.,. coot en"""'* ._.. 

EXHIBIT 2 

lt lo very t..pcrtant that thc manage­
ment rcoerv• be indapeodently analyz~ 

• 
and approv~ at periodic project coot 
,..u.,_.te nvie,.o. The atete of 
dravinqo, <:.,...t....,nt•, actuel axpcndi­
turea, and physical con•truction 
eo=pletlcn percentage are lr.ay !actors 
in thh mana~"""'"' reut'Ve analysis. 

~· Spedlc ._.... .... p,-e.ny 
fob.d;; 'u+ 

Ea<:h reoerva =ruot be auio;no4 to an 
individud. lit the l"""lt lavcL. 
uurvu ohould l>o auio;rned to 
individual• l>avinq lina respcnsibility 
for a opecitic .. ~nt or eont.ract 
for the project. Higher lavel 
re•erveo ohould l>o aniqned to hi9her 
lnvelo <>! JOana9e-nt. 

Eacb individual havin~ reopcno1bility 
!or a projact reoerve ohould perfcrm 
the follovinq lt,U>Ctiono: 

•• 

'· 
'· 

R<>v;..,. and approvo tl\e uoerve 
Ut'-"<Stu and thdr W>derlyini 
uou=ptions. 

llpprcve t.~e t.ran~!er o! reserve 
....,u.,u. 

Honitor the .. atuo o! t.he ruorvu 
and theü nU o! usa9e, uoinq 
proje~t <:<>•t control reporto to 
.td 1n thio anAlyois. 

d. Participate in eotlmaünq t.~e 
~unt of oddltional reoerv~o 
"hich rnay be required to complote 
the toul project ora opec>!lc 
oe.,..ont of the projeet. 

In ..,_. cuu, the ectual tnnofer of 
~eoerve ....,unto rosulta !roa. the 
c<><rpletion of • prior event, ouch •• 
thft a.,..rd>n¡¡ o! a contract cr the 
approval of a chan~e <>rde<. 1\n 
int.,gul part of t.he cont.roct cr 
c~llnqa control approval proceu io a 
dotermination of ita ~aet on 
reterveo, includin9 tl\e need to 
uuli.., pa.rt of the mana9.,..nt ruarve. 
Therefore, respcn~ib:il1ty for control 
of reoet'Vea ohould r"st .,¡ th thooe 
wh<l have ll.ne reoponHbility for 
project deeioior.• in the U<;ment 
~nvolved. In all ueas of a pr•¡•ct. 
per><><llc and independent analyoeo o! 
reserve usaqe ah<>uld be performed to 
belp enoure "'"~imwo control 4nd 
prudent uoe ef pro¡ect fundo. •n 
addition, all b"Uioforo are avaluated 
in relati<>n to budqet avaUo.t>ility 
and conotrainu. 

A~•lgninq •pecific responoibilltieo 
fcr the control of projeet reoerveo 
U a pur,...uioite to U.. coot.rol ol 
co•t r1oH. Atrhlog ..-:tfie 
ruponolbility for aach ru•rv• 
includin~ t.ha ,.._,"9"""'nt rooorve Al><! 
ocparatoly idenufyln~ each at tho 
appropriate level in tha prc¡eet 
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If perccnt uuqo o! o contnct 
qcnerol roaer~ •~e•~• the pbyolcal 
percant ec.plcto by .ara tb4n 20 
pereon~qa pointo. 

At loaat onee o yoor. 

LOatly, an tmportant olemant e! reoorvo 
ccnt.rol 1a t.hat reurvea can only be uoed 
for the purpoaoo !or vhicb they wera 
utablial>.d. Rllurvu that o.:re not uaed 
will be el~oted !rom tho planned coot ... ~ ... """"--A c=prebonai~ repordnq ayn..,. h 
nocuury to the e!hctive lDDnitorinq o! 
planned coato And ruuvu. It ean 
provlde urly vornin11 of potenthl problel:IO 
and idontify uurv. tranohu and uua. 
:rhe reporto vould aloe be uoe<l te evolune 
tha rote at wbicl> reaorv.o are boln9 
conlwooed. ovar the c<>uroo of ccntncu M4 
tho projeet. 

An aK~plo o! a oucm.ry projoct coat 
atatu report for uecutha """'"9"""'H 1a 
ohown in Cxhlbit 5. 

--~ ... _ ... , --
""""'~""- 1100.000 1100,000 • • 
-~- =·- =·- !10,0001 ... ~.,._ l\0,0001 , . .,._ 120,0001 

"-"""" ·-,_ -·--- ,.._ 
T....,¡AtCoi< ....... o C$11,000 """" 

E»>IBIT 5 

In thio uport tha foreeuted ccot h 
co.,pared to the pl<o.nned ccot !or uch 
contract to dH.,.,>.ina th'" potentlal .i.Japact 
on Uo ......,09.mant .... ~. 

1bo ~otbly Project Coat S~ry la pra­
OHit.od l.n .ara detall for each lower leHl 
<>! .. n•~-nt. For a~la, the proj~ct 
""""•~•• vould have a llne H..,. for aach 
'Btwh Riak" Cpen Contract. In &ddiUon, 
tha <:<>luan• o! th• proj-.:t Mna9ar'a 
r~port """ld .. parata Pl~.od Con lnto 
the Cc~ttad Con, ,_.nerol Ccntsact 
Leoerve, and Sp.ocific Controct Raaarv• for 
uch line !tU>, 

~e need to idantify fcrecaated coata """ 
l>i9hliihted in tha C<>nt.ract L>fe Cycla 
¡;.,_.17 u:Mil>it '1. J'or eumple, tila 
cooto of potentlal chan9e orden and 
c:ld.,. ue eotimat&d. and includa<l in tha 
forac:aated coat for the appropriate >t~. 

TVo additional key reporta vhicl> aupport 
tl>e IIOnthly Projact C<>n S"""'"ry are. 

~Womina;R~rt 

nia repon """"" the ccntrocu 'and 
reoarvna which vill potantially 
l10¡>act the ,..n&i•'""nt ruerve by IIIQU 
thAn a aalaned uoount. It aH,..• 
man&qel!>eH to diract project n•c<>rCH 
te crlt>cal aun to reoclve probln• 
and mini.Joiu coau. 

The oarly warnln9 report ahot>ld doc 
re!lect projected balances for reserve• 
vhich t\.ave potcnthl chanqe or<ler and 
claia. 14Rnt>f>ad. 

7hü repon ahov& ""'n•9ement reserve 
trAnohro ovu a aclected lll'OW\t ><ith 
a deocription o! th'" reucn !or each 
tran.ter. ~lo uport allo><o 
aucutiv .. managu>ent te ..,nitor, 
aftu the fact, tha actiM& thu hove 
batn dde9ated to pro)ect mana9e,.nt. 

Perh•F• the """"' lmportont, yet <lofhcult 
••pect of •••~rve ~na9~~nt •• the n~ed 
~o evduate the rote at ><hich reurve• are 
bein9 conoWbed and to auuo the ·~~quacy 
o! the unuoed ro .. rva to cover th• unco=­
pletad p<>rtion. of t.'>e pro¡oct. 'too 
oft,.n, reurvu or conHnqenca• are 
allaved to be virtually depl•ted b~fore lt 
h ne~ni .. d tl>&t addlticnal fundinq "'ll 
be roquiud w cooo.plau the F<<>j.,ot. A 
rucr"Ve uug~ ~raph can aaoiot in a~druo­
in~ thia prol>l,.m. ~il>it ' 1lluotratn a 
oi.Bpla 9r&¡>hic •Fproach to -n•g-nt 
rap<>rtin9 o! .-. ....... otatua. 

-IIVIOTATUI.-

_:j 
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l:xl>íbit ' oh""" t..!lat t..bc dUiill and datail 
tAke<>fh are oppro><t..tely U\ ~leu 
l>ut over 60\ cf the naerve hu t>een uaed. 
Thl& could mean that the eat~tin9 vari­
anca (dif!crcnca betv~n a.ounto in the 
order of .._...,h..Je .. tl..mate u.d tha eoti­
.. teo raoultin9 !ro~ detoil t&keo!fo) vill 
""""" the • ., .. .,.., to be uc&C'<I@<l. On t..bc 
other hand. the ercu for .,ich tahc!h 
l>av• l>een CO!Opleted .Ug~t up:eoent the 
.:>ot <'<,.,pln .. g¡oenU &n<l t.bere!ou t..ba 
..... variance or reo&.,.e c~•~tion rata 
ai9ht not continua. In either caoe, 
&P<'ClfiC evaluation of t..!le uucn !or 
b19hor-than-planned r•••~• co~&U%ption 
..,., be -.de. 

The re•erve control concepto here of!ered 
&Hll rcly on tll• nacuury underpinnin9 
thlt total planned ce&to t>efore co=pletion 
au the but utimate availobh of vhH ít 
"'11 Ul<c to de the job under drcut>$t&nceo 
u they uin. 

Xf!ectíve i~lonentation of the project 
reaerve proc~dures requireo good de•ígn 
and opeciflc ""''""'U d<>cWM~tat>Qn. 1t 
aloe requires tho~ the eoti=aticg function 
bec""'e project oe..-nt u.d controct 
oranted, ao cppoaed te end-product or 
occeunHng oriente~. ln e.any índunriu 
~~e e!fective i~ple=antatíon o! contract 
oríented eotim.otoo W1ll have o lcarn¡ng 
curve auocio.ted vith h. 

Core "'~"' be eurcioed that too mony 
level• cf re.erve• le.~ .• contuct. dio­
npUne. functlonal orea) .re not eotab­
l¡shed. Al~~ouqh a oevoral level opproach 
""Y '"""' theoret>co.lly ccrrect, it h""""" 
prcblem vioib>líty and can cou•e o largo 
n~er of tr~•fer• botveen reoerveo vith 
ll.ttle ~aning ond o Jet of confuoion. 

In oddition, tlla crution of reoervu ot 
too detailed o level e~ provide ~ 
ir.fon.a•.ion but tn reality HUle control 
n a hiqh coot. rcr UMOple. crutíng o 
OP<"dfic reserve for (1) I=¡>-"'""• 11) woit~ 
price, and !l) co•t-pluo chonge<, reopec­
tívely, en a ccntract CQuld províde qcocl 
in!cr~tion but Jittle control frgm • 
reurve otondpoint. In thi& cue. o 
change crder plan by contraet te,.,. and 
repon>ng ogun•t the phn vould ~e o 
bettor proced~o for mon1toring this 
project actívity than the project reoerve 
proced=c. 

Tl>e principal objectíva o! the reoerV<O 
e<>ntrol proceduro i.o to provide llo4noge...,nt 
Vit..b the urly and contlnuing víoib>lity 
naceaury to evoluate t.ho U>tal =•t 
Hatua o! uch projeet. Thh cu. beot be 
oeeomplishod by opplyinq each of the majgr 
control taoko u !oH""'' 

l. De~lop ond do<:ua.nt lQ9lcal oatimoting 
au,...ttono. 

J. Atl~i'P' apeeHic r .. roonoibílity for 
raoerveo. 

4. E»;:.h .. ize the aarly recognhlon of 
potenti&l cha"gu a.od cloi."-0. 

5. Control the uae o! nurveo vith 
&¡>eci!ic opprovah of Uonohu . 

6. lleport reoerv• change& in tbe project 
co~trol ayate». 

L Allalyu t..be ut• ot re .. rve con&"'"Ption 
.In ralaticn to tho prQject &tatua. 

~rii••t poa&ible violbllity prevido o 
.. na9e~nt víth maxim~ fl.,xibilíty in 
reocting te potonthl coat proble!U. Tha 
otep& which can be Uken, if potentlal 
problema ara rec09"i1ed early, lncludo ~l•• 
follDWing. 

1. h!juot projoct ·~-

l. O.fer portíono o! the project. 

l. l!Aqunt &dditiond !un~inq. 

4. Concentrote ,..nage~Nnt reoourceo on 
the =oot ••noltive elemento of the 
project. 

Projact reurvea are not intended te be o 
veh1cle for ab~orbin; or concaalíng cost 
perf<>nMnce prcblern• at anY level in the 
pro¡ect orgonhaticn. ThiS includeo 
controctora. oubcontractor•. architact/ 
en;ineon, connruct1cn ,..r.aqero or ovner 
peroonMl wHh pro¡ect reoponolbilitiu. 
lleurvn. dave.ioped in a Joqicol mannar, 
are inUnd@<l t<> previda protacticn lgaínat 
the "'"Y uncartaintíeo auodated wi th 
cc=Plex, high-coot project• apanning lonq 
petiocb o! t;-. 

The ,..jor t>enefi.t frOI!l applying the proj•ct 
raoervo procodw-eo io thc di•ciplino it 
forc•• ot vorioua leve lo o! ~rc¡ect 
manaqe...,nt. "l'he pro¡ect eotimate ldantHho 
contrae< ruerveo and maMge,...,nt reoervea. 
"l'hue, in turn, .ro approved u put of 
thc mano9e:oent approval procno. 'l'ronof-r 
bet.,.een resa.,.e• re<i'Jireo >OAI1agement 
apprcval and poot approval raport1n9 to 
t..be nex~ hiqher level of ""'no~e>ment. 'rhil 
vioibllity enai>lu prcject u.d necutive 
~naqa~ent to be 1nformed. An info~d 
110naquoent h far len oubject to e<>ot 
problem aqrprioeo~ 
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MAIIAGING INDUSTRIAL PROYECTS 
1\ PERI OR,'óiii!CE oRI F.Nl F.O APPROACIJ 

FACUl TY REPRESEIHAT IVES 

!'.R. ROSERT GILBREATH 
HU/",PREYS s ASSOC lATES 
1300 QUf,IL STRr:F.I SUI'(E 209 
r:E'.IPORT BEACH, CA. 92660 
PIW~E (BUSINlSS) (71~) 95~·2981 
PHON( (HOIIE} (IJQI¡) 1¡1,8-~062 

r.R.· SHPHHI L. OSBORN 
HUI;PHRF.YS G 1\SSOC 1 .~HS 
1300 QUAIL STREET SUITE 209 
IIHI?ORT BEACH, CA. 92660 
(PHOJ:c BUSINESS) (}14) 955-2981 
PHOIIE (HOHE) (202) ;J65-U55 

HR. JOitN D. SH 1 Tll 
ARTHUR 1\flOERSEN & CO. 
33 '.1, f\O~mOE ST. 
CIHCAGO, II.L. 60603 
PHO:IE (BU$11/ESS) (312) 580-0033 

ING. JORGE SOLDEVILA R. 
ARTHUR ANOERSEN & CO. 
REFOPJ1A §76 ler PISO. 
r;[XICO, O, F. 
TEL. (OFNA.) 566 3688 
TEL. {CASA ) 570 1993 

OCTOBER 23 - J5, 1980 
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11ANAGitiG INDUSTRIAL i'ROYECTS 
A PERFORMANCE ORICIHED APPROACil 

' 

PARTICIPAlHS 

ING. (R11ESTO J. tiOIITAilO CORRIPIO 
PE~.EX 

COORDINACIO:I PROGP.A.'\AS DE VIVIENDA 
AYUD.'\IHE TFClliCO 
HARI~IA N~CIONAL Np. 329 ler PISO EOIF. B-1 
COL. AtiZURES 
M(XICO,. O. F. 
HL. 254 7633 2507058 

\NG. FERllAUOO SERRANO 
CI"E 
CO!ICURSOU Y COI:TRATOS 
CU,,UTEPF.C No. 9 
COL. VERGEL DEL SUR 
HL. 594 ':!1\83 511 3934 5Jif 1711 

ING. ALBERTO CRUZ MERCADO 
ARAIIGUREN y C lA. 
Jr.I"F. COHPRAS INGENIERIA 
PARA ISO No. 1936 
COL. DEL FRESNO" 
GU!IOALAJARA, JIIL. MEXICO 
12 141& 12 1206 EXT 19 

ING. CESAR CONCHA BORr.ES 
BUFETE INDUSTRIAL 
SUB-DIRECTOR 
TOLSTOI llo. 22- 8" PISO 
r.EXICO 5, D. F. 
525 4076 

ING. JOSE FRANCISCO MENOEZ 
!CA INDUSTRIAL 

SUPERII/TtNDENTE 
5 OE MAYO SUR No, 72 
ZITACUARO, MICHOACAN 
TEL. 1 PUi 318 31 

ING. CARLOS l. CORTES 
ICA INOU~TRIAL 
RET. 35 LIC. CECILIO ROBELO 63 
JARDIN BALBUENA 
HEXIC09, O. F. 
S71 ~995 

OClOB(R 23- 25, 19SO 
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MAf/AGING IIIDUSTRIAL PRDYECTS 
A f>ERFORitANCE ORIENTE O APPROACH 

PfiRTICIPAIHS 

ING. CARLOS URIEGAS TORRES 
PEr,fX 
G[R. INFO.~MATICA 

CHICHEN ITZA 301 
IIEXICO 13, O. F. 
TEL.OFNA. 531 63 25 

1 NF. RAF Afl COROIIA SOL 1 S 
RU 1 Z URQUI ZA & CO .A.A. 
CONSULTOR 
REFOR11A 76 lar Pi;o 
Tf.L 566 36 88 
DOM. PARTICULAR f.MILIANO 7APATA llo. 53 

COL. SAN LUIS TLATII.CO 
Nf,UCALPAN 
HL. ~66 36ÜS 

LUIS EIIRIQU[ URBINA 
1 M11ASA 
AllALISTA 
GLAOI OLAS ~36 
FRAC. LA FLORIDA 
NAUCALPAN, (00. DE MEXICO 
562 12 68 

ING. ROBERTO GARRIDO TOLEDO 
INrONAVIT 
SUB JEFE PROG. Y COIH. 
110NTE ATHOS 515 A 
MEXICO 10, O. F. 
TEL. 510 9969 
DOM. OnJA. BARRANCA DEL MUERTO 280 

MEXICO 20, O. F. 

H.L. 53~ 3199 

1 NG. ES HBAN PENSADO GRAN 1 El 
COIHAtlURlA MAYOR OE HACIENDA 
JEfE DE Of>TO. . 

LOPEZ COTILLA 18\0 
COL. \'AtLE 
TF.L. 5>24 9078 

OCTOBER 23 - 25, 1980 
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I'.ANAG 1 NG INDUSTRIAL 
A PERFORI\AUCE ORIEIHED 

PARTICIPANTS 

ARQ. ELENA TRABADO CASTREJON 
CNIC 
ASIST, HCNICO 
COLIP.A 25~ 
COL ROMA 
1\I::XICO 7, O. F. 
533 oo6o 

ING. l,UIS 110Rf11.F.S rLORES 
OECFI 
COORO. OE CURSO 1, 

- fACUBI\ No. 5 
MEXICO l, O. F. 
521 4020 f:ST. 118 

C.P. CARLOS A. COLIN S. 
HOTEL PRINCESS 
CONTRALOR 
ACAPULCO, GUERRERO, MEXICO 
431 oo· 

ING, 1\RHAI.'OO I10RAN ROLDAN 
li'CMEX 

PROYECTS 
APPROACH 

' 

ANALISTA GERENCIA PLANEACION EXPLDTACION 
CRISAIHE!-',A No. 79 (DOM. PARTICULAR) 
11[XICO 21, D.F. • 
TEL. 549 30 59 
1 BSEN ~3 2o PI SO (OOM. OFNA) 
TEL. 254 09 69 

ltiG. JUAN MANUEL ESCANILLA 
. ICA INDUSTRIAL 

JEFE OPTO. TECNICO 
ROCHESTER 14 - 4o PISO 
543 7019 536 0184 

ING. JOSE PELLON DORIA 
SUHRINTEIIDENTE GRAL. 
ICA INDUSTRIAL 
ROCHESTER 1~ - 4o PISO 
543 7919 536 0184 

OCTOBER 23 - 25, 1980 

' 
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HAIIAGING INDUSTRIAL PROVECTS 
1\ PERtORI1ANCE ORIEtHED APPROACH 

PARTICIPAIHS 

MR. PEKKA F.. pyy·. 
CASA 115 2~ AVENIDA A 
COLON lA MATMOROS 
TEGUCIGALPA O. C. 

·HONDURAS, C.A. 
TF.L. 321&61 

ING. ARMA:InO ALifARES DE LA ChDF.NA V. 
111 CARE 
GERENTE ('!Al. 
ROM/IN CI:PEOA iJORTE 
PitORAS NEGRAS, COAHUILA, HEXICO 
TEL. 232~2, '37.!J3, 21}25 
CASA.- PINO sUAREZ 100 

PIEDRAS NEGRAS, COAHUJLA, HEXICO 

ARQ. OSCAR RENE VELASCO COL IN 
PEM~X 
PLANIFICADOR 
LUSITANIA 50 
LOMAS ESTRELLA 
MEXICO 13, O. F. 
JEL. 581 83 43 

LIC. JAVIER LAVIN HIGUERA 
VEKTDR, S. A. 
GTE. FIN. 
JOSE LUIS LAGRANGE 103 - 10 PISO 
MEXICO 20, O, F. 
TEL. 395 07 21 

ARQ. ClJAUHTEMOC VALOEZ BEJARANO 
rEMEX 
AYUDANTE TECNICO 

' 

COORDINACIOI/ DE PROGRAMAS DE VIVIENDA 
EDtf. B-2 ler PISO 
MAR tilA IIAC 1 ONAL J29 
COL. MIAHUAC 
MEXICO, O. F. 
TEL. 25~ 2€.33 

OCTOBER 23 - 25, 1980 
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• 

MAtiAGIHG · HJOUSTRIAL PROYECTS 

A PERFDI\fV,NCE ORIENHO APPIIOACH 

PARTICIPANTS 

IIIG, ERIC MOREilO MEJIA 
C8111SION FEDERAL DE EI.ECTRICIDAD 
1/lVESTIGAOOR 
MELCHOR OCA~.PO I¡J6- 5" PISO 
COL. CUAUHTEMOC 
MEXICO 5," D. F. 
lF.L. 286 12 61 286 12 11 
DOMICILIO: CHIAPAS 202 

COL ROMA 
~.EXICO 7, o. F. 
58~ 8265 

• 

OtTOBER 23 25, 1980. 


