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POWER September 28, 1981
co.

To: Presgident
Vice President, Finance
Vige Prezident, Power Genersastion
Vice President, Operations

Gentlemen:

Enclosed {or your 1nformation is m copy of ULPCo.'s
Pieneer Unit I progress report for the month ending July 21,
1981,

DA, Wilsen
Pioneer I PFroJect Manager

DAW:becr

Enclosures
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POWER September 28, 1981

Co.

To: Preszident
¥Yice President, Finance
Vice Preaident, Power Generatiun

Viee President, Opermtions

Gentlemen:

Enclosed Tor your Information is a copy of ULFCo.

Pioneer Uni{t I progreas repoert for the month epnding July 3
1981,

Sincerely,

D %)«7

. A. Wilson
Pioneer I Project Manager

DAW:ber

Enclosures

's




1. SUMMARY QF PROJECT STATUS

In general, construction progress on Ploneer I was
satisfactory with the projJect now approximately 34.7% complete.
However, ceritical path items have continued to fall behind
schedule due to difficulty in receiving vendor prints on eritical
equipment and congested placementsa for reinforcing bars and
structura) steel on major buildings. /The recovery schedule
fellowing the carpenters atrike in May Ils being implemented and
with manpower levels improving, at least a partiaml recovery af

chedule sl{ippage can bhe expected by the and of the verp,
Detailed status of construction Is shown on Figure 1 {attached).

The proposed ownership reallocations have bsen proceeding
very slowly and may result in a revision to the completicon date,
The biggest hurdle hes been the reluctance of the state PUC to
grant approval. These hearings have dragged out for over a yearT
and, unfortunately show no indication of a faster conclusion,

Dewatering activities have slowed the installatlon of
circuleting water pipe to a point where this work is virtuelly
stopped. A lack of chemical additlves for the disposal water has
forced m cessation of the wellpeint process and flooded open
plpetrenches.

In order to expedite production of "issued for
t ) construction” drawings by the project engineering consuliant, WAYLO
4 associates, authority has been granted for WAYLO to increase the
level of temporary designers and drafters to B85,

The Ploneer Trails nature park has been & very busy
attraction this summer. Over 200 visltoers frequented the temporary
information center, bringing the total to date to over 4,000, )
Several c¢ivic and educaticonal groups have indliceated a desire to
sponsor group tours of the proposed wildiife preserve north of the
rlant site.

Soll teating for the ash disposal area Is proceedling
according to schedule. Preliminary results show the posalibility
of a clay liner to prevent seepage from both ponds,

IT. LICENSING

Hearings are proceeding with the DNR regarding the
impact of the railromd spur {corridor C} on the proposal Ploneer
Trails wWildlife Preserve, Railine Consultants, Ine. have been
retalned to develop conceptual plans for proceeding with alternate -
access rougtes from the North-South line,

Preliminary findings from both the DNR and the Corps of
Engineers are ilmminent concerning our epplicaticons for waivers
for the make-up water intake pumping statiocn.



III. ENGINEERING-DESIGN

completed, 82% of equipment ia on order and contracts have been
let for 93% of the construction work, the latter based upon dollar
yalue., :

(::) Approximately 71.2% of the basle engineering design 15‘

Specific, detalled engineering progress 1s given below:

Tctal Number Completed
Equipment Specificationa 306 272
System Descriptions 74 65
WAYLO Drawings dubes®® 1,986 2,771
Procurements ngalg.a 217 178

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

@ - A total of 92 unresoclved Deslgn Change Notices(DCN's)
are pending.

Our field non-nuclear quality assurance progran continued ™
to be effectlve in its Inspection and reporting efforts, Significant

nonconformance reports Issued during July involved: undetermined
guantity of honeycomd cavities {in the turbine pedestal, storage
security, document control and weld inspection. These have been
investipgated and corrective action is belpnpg plsnned, 4/

IV, CONSTRUCTION

Constructicon diffieulties conitinue for items on the
eritical pmth, and durlng July three-and-cone-half weeks of added
slippage in schedule occurred. Difficulties mre primarily in
eireulating water piping, condenser erection, control room, cooling
tower vendor selection, rebar fabrication and placement and
migseellanagus steel instaellation,

Struectural steel erection for the turbine building has
slowed due to modificetions required In detailing of vendor shop
drawlngs. Efforts are underway to resclve these delays; nowever,
the complexity of the needed design and genersl congestion of the
work areas-is paking 8 solution very difficulit:— This is a eriticeal
problen aa we have scheduled the turbline building to be enclosed
before arrival of winter to permlt Installstion of turbine-generator
equipzent, i

The recovery from the carpenters' atrike in May was slowerh
than expected and shortages of carpenters end pipefitters hindered
the bulldup in manpower. Although a shortage of plpefitters now
exlsts, the reat of the manpower problema have heen resolved and

stertup work on some building piping i3 now belng affected.

Some of the constructlon highlights during July included
the delivery of the turbine generators, completion of the chipney
foundation, and expansion of the construction parking area.
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Package #1 (Excavation)

The summary beleow shows the status cof pajJor buildings:

_ Item Current Status Change Since Last Repn£?\\
Control Hoom 17 weeks behind lost three weeks
. *Turbine Bldg. 36 weeks behind lost eight weeks .
“}+'Botler House 20 weeks behind 1ozt two weeks
i ﬁchling Tower 28 weeks behind lost four weeks
ﬂhﬂ Crusher House . 3 weeks behind " galned-one-helfl week
) Precipitator 19 weeks behind lost two weeks
¥(¢Critical Path Items)

A surnmary of the total construction work completad &S \

£ July 31, 1981 follows:

Direct Direct
Manhours Manhours Percent Change Since
Ezstimated Earned : Complete Last Report
7,195,506 1,417,703 19.7 v+ 4.02%

Note: Under the panhour productivity eveluation plan
instituted at the gite, the percentage complete
of sach task 1g hased on physiecal evaluation of
progregss, These figures are besed upon the
January 1981 comnstruction estimate, but have
been ad)usted toc exclude all indireect craft
manhours,

Peak Forece During this Pericd (July 18, 1981)

Day Night Total

WAYLO 150 6 196
Contrectors 1,050 875 1,925

Type : Committeq On Hand

Constructlon Cranes py - i5
Earth_-Moving Equipment — 24 -- 20
Alr Coopressors 18 18
Concrete Trucks 1l 11
Rented Cranes 4 3

Construetlon Equipment Commitmenta )

A summary of major consiruetion packages and their status
listed bhelow:

The excavation contractor {8 substantially complete. Work

ls coptinuing on the office building extension.



Package #2 {Site Services} .

(::)(: Dewntering haz been temporarily hnlted:)

Package #5 (Structural Steel Vendor)

Shipments of structural steel are continuing.

Package ¥6 (Superstructure)

Work on the north and west walls of the turbine bui{lding
continues. Began Installation of beiler house stalrs and grating.
Miscellaneous steel in eonirol room and Fflue gas ducts to elevation

48 feet {3 ip progress.
Package #7 (Coal Handling)

Erection of conveycrs fg continuipg. HReceipt of crusher
equipment ‘ggntinues. . Work on primary crushers-has begun. Redesign--
of bunkers continues.

Package #9 {Cocling Tower)

@ First draft of procurement specification is In progress )
‘ AV LD, -

Package #10 (Eleectrical #1)

Subgrade grounding work¥ gontinues. Construetion parking
lot extension lighting has begun.

Package #17 (Piping}

(::><: Yard piping work has been stopped due to a shortage uf‘>

pipefitters,

¥. FINANCIAL

The project is currently preparing a revised Caah
Requirementys Estimate. Thiz estimate will not be Bvailsble until
E@E) the first quarter of next year at the earliest., Table 1 {attached)
— ahows expected cash flow as determlned from the 1975 estimate. Alae
attached as Table 2 is the Quarterly Cost Submmary Report which
details the estimate, expendityres and committments by FERC accounts.




Table #1
Ploneer Unit I

Estimated Construection Cash Hequirﬂments_

—r——

Expended through July 31, 1981 < EEQD,DGG,GGG)

Estimated
1981 August 2,60C,000
September 2,700,000
Detober... 2,900,000._.
Bovember: - 3,000,000 -~
December 3,100,000

1981 {total} $ 14,300,000

1982 58,000,000

15983 56,700,000

Estimated Total $£19,000,000

Note: Includes allowance for funds used during construction)
{AFUDC). ULEPCo. indirecis are not included.




Account

302
" 320
J21
322
323

324
325

981
982
983
984

985
991
992

993

f

995

Tabif)§2

Flonee.

Quarterly Project Cost Summary

unit I

Ll . Total Committed Y
_ Current Expended .in . Total Expended” and Expended
Plant Costa Estimate Thia Quarter Through 7/31/81 Through 7/31/81
Franchise & Licenase 1,500,000  scc-mmeaca | cccmmccamed O S
Land & Land Rightsm 1,000,000 @ cceme--- " " emmem—mwme— S ey g
Structures & Improvements 64,200,000 2,000,000 42,000,000 -
Boiler Plant Equlpment 40,200,000 2,400,000 28,000,000 v 44,200,000 -
Turbine-Generator b 23

Equipment ' 44,400,000 400,000 14,000,000 39,800,000
Avcessory Electrical

Equipment 15,400,000 200,600 10,000,000 17,060,000
Migecellaneous Power

Plant Egquipment 3,500,000 1,700,000 2,500,000 3,000,000

Eer ¥ Conaulianta 1,000,000 22,004,000 23,000,000
enera Administrative 4,500,000 150,000 1,900,000 3,700,000
Other Indlrect Coste 12,000,000 250,000 6,700,000 8,900,000
Earningas & Expenses ' .

During Conatructicn 4,300,000 ccecmeecmaw 4,000,000 4,000,000
AFUDC 126,000,000 W cccemmao--- 39,000,000 106,000,000
Spare Parts 1,800,000 W -ce;c--e--aa = | mmmmem——casmas | amatcremsaca
Temporary Conatruction ! -

Facilities 4,903,000 300,000 5,600,000 5,600,000
Construction Tools & :

Equipment 6,200,000 200,000 1,504,000 4,700,000
Suapense  \ =---e-o——-a. (400,000) {2,100,000) (2,100,000)
Eacalation 33,000,000  ~e----we- a= mmmamsaso=== | cedessma——-a
Omissions & Contingencles 14,500,000 ---vr----s dmmmmmccmmss mmem e ———m e

$££19,000,000 $324,500,000

PLANT TOTAL

pher
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SUMMARY OF PROJECT STATUS

In general, construction progress on FPioneer I was
satisfactory with the project now approximately 34.7% complete.
However, critical pmth items have._continued.to fall behind _ ..
gchedule due to difficulty in receiving vendor prints on eritical
eguipment -and congesied- placements for reinforcing bars and -
structurel ateel on major bulildings... The recovery schedule 4" :
follewing the carpenters strike In Mey is being implemented and
with manpower levels improving, at lesst a partlial recovery of
schedule alippage cen be expected by the end of the yermr.
Detailed gtatus of construetion is shown on Figure 1 (&attached]). -

The proposed ownershlp reallocations have heen proceeding
very slowly and may result in & revislon,tc the completion date.
The biggest hurdle has been the reluctance of the state PUC to
grant approval. These hearings have dragged cut for over a year
and;y*unfortunetely ghow.no indication ‘of & faster’'conelusiony--

Dewatering activities hove slowed the instellation of
elreulsting water pipe to a Polnt where:<this work is virtually
stopped,” A leck aof chemica) additives for the dlaposzal water has
forced a cesgation of the wellpoint process and {locded open
Pipetrenches.

In order to expedite production of "lasued for
construetion™ drewlings by the proJect énglneering consultant, WAYLO
associates, authority has been granted for WAYLD to ifncrease the
level of temporary deslgners and drafters to 85,

The Pioneer Trails nature park has been a very busy
attraction this summer. Qver 200 visitors frequented the temporary
information ecenter, bringing the totel teo date. to over 4,000.
Severel cgivie and educational groups haeve indicated s desire 10
sponsor group tours of the proposed wildlife preserve norih of the
plent site.

Soil testing for the ash diasposal aresa Is proceeding
ageording to schedule. Preliminery repults show the poeasibility
of a elay liner to prevent geepage from both pands,

-

LICENSING

Hearings are proceeding with the DNE regarding the
impact of the railreoad spur {(ecorridor C) on the proposed Ficneer
Trells Wildlife Preserve. FRailine Consultante, Inc. have heen
reteined to develop conceptual plaps fer proceeding with alternate
aecesd routes from the Horth-South line,

Preliminary findipgs from both the DNR and the Corps ef
Engineers are impminent concerning our applications for walvers
for the make-up water intske pumping statliomn.
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V.

ENGINEERING-DESIGHR

Approxioetely 71.2% of the baslic engineering design is
coempleted, 82% of equipment ia oan order snd contracts heve been
let for 93% of the construction work, the latier based upon dollsar
value.

Speelifie, detailed engineering progress-is given-below:

Total Number Completed
Equlipment Specificetions 306 272
Syatem Deseriptions ... T4 . 63 .
WAYLO Drawlngs=--- 3,986 --F 2,77, - --
Procurements 217 178

There were-pno slgnificant-changes-Iin the required ..
guentitlies of materiel durlng this month.

A totel of 92 unresolved Degign 'Change Notlces {DCH's)” °
are pending.

Our flelid non-nuelear guality ‘assurance program continued -+
to be effective in itz Inspectlon and reporting efferts. Significant
nonconformance reporis lssued during July involved: undetermined
guantity of honeycomb ¢cavities in the turbine pedestal, storege
security, document control and weld inspection. These have been
Investigated and corrective sction is being planned.

CONSTRULCTION

Construction difficuelties continue for items on the
eritical path, snd during July three-and-one-half weeks of mdded
slippage in schedule ocgurred, Diifficulties Bre primerily in
circulating water piping, condenser erection, ¢ontrel room, cooling
tower vendor selectiion, rebvar fabriceation and placement and
miscellanesus steel Installation,

Structural steel erection for the turbine bullding has
slowed due to modifications required in deteiling of vendor shop
drawings, Efforts are underway to resolve theszse delays; nowever,
the complexity of the needed design and genersl congesation of the
work areas ig making s solution very difficult, . This Is & eriticsel
problem as we have scheduled the turbine building tc be enclosed
before arrival of winter toc permit instellation of turbine-generator
equipment.

Tha recovery from the carpenters' strike in May was slower
than expected and shoriages of carpentiers and pipefitters hindered
the bulildup Iin manpower. Alithough a shortage of pipefilters now
exlsts, the rest of the nenpewer preoblems have been resclved and
only startup work on scme bullding piping {3 now being affecied.

Scme of the constructdon highlights during July Ineluded
the delivery of the turblne generster. . completion of the chimney.
foundetion, and expansion of the censtruction parking mrea.
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The summary below shows the status of major buildings:.

Item Current Status Change Since Last Report
Control Roon 17 weeks behind lost three weeks
#*Turbine Bldg. ..o 36 weeks behind .. lost eight weeks- ..
Boller Mousze -- 20 weeks behind --- logst two weekg =
¥Cooling Tower... 28 weeks behind .- . logt four wasks _-.
Crusher.House.eu. 3 weeks.hehind -._ © gelined.one-half week._.
Frecipitator ~-~ 19 weeks behlnd i~ lost two weeka..:-

#{Criticnl Path Items)

A pummary -of the total censtruetien work completed ag ~~-
of July 31, 198l follows: '

Direet - Direest
Ranhours Manhours- -- Percent v~ Change Since
Estipated .« . Earned..-«w Complete... Lasi Report ...
7,195,506 1,417,703 19.7 . + 4.02%

Noete: Under the menhour productivity evaluation 'plam I_..
ingtituted &t the gite, the percentege complete -
of each task Is haszed on physical evaluation of
progress. These [igures are based upon the
January 1981 eonstructlon estimate, but have
been adjusted to exclude s8l) indlrect crarft
manhours.

Fesk Force During this Perieod {July 12, 1981)

Day Hight Total
WAYLD 190 & 196
Contrectors 1,050 B75 1,925

Constructlon Eguipment Commitments

Type Committed fn Hand
Construction Cranes 16 15
Earth Moving Equlpment 24 20
Air Compressors 18 18
Concrete Trucks ° il 11
Renied Cranes 4 ; 3

A summary of major construction packages and thelr status
ie lizted below:

Package #1 (Excavation}

The excavation contrasctor 1s substantially complete, TWork
ig continuing on the offjice building eitension.



Package #2 {Slte Servicen)-

Dewatering has been temporarily halted.

Package #5 (Structural Steel Vendor)

Shipments of structural stesel are’'continning’

Fackage #6 (Superstructure)—egs

Work on the north and west wallg of the turbine bullding
continues, Began Installetion of boller house stalrs and grating.
Mizeellaneous steel In ¢ontrel rocm and flue gas ducts to elavation
£8 feet'.ig in progrese.....

Package #7 (Coal Handling)

Eregticn 'of conveyors Is continuing,” Receipt of crusher’
equipment continues. .. Work.on primary:crusherschas. begun.urBedesign -z
of bunkergseontinues nar

Peckage #9 (Cooling Tower).

First draft.ol procurement specification ir in progress ..
at WAYLO.

Packsge #10 {Eleetrical #1)

Subgrade grounding work continues. Conatruetion parking
lot extension l1ighting has begum.

Package #17 (Piping)

Yard piping work hes been stopped due to s shortage of
pipeflittera.

FINANCIAL

The project Ie cturrently preparing & revised Cash
Requirements Estimate., This estimete will not be available until
the first guarter of next yesr Bt the eariiest, Tsble 1 (attached)
ghows ecxpected cash flo¥ as determined from the 1976 estimate. Also
attached as Table 2 is the Quartierly Cost Summary Report which
detalls the estimate, expenditures and commitiments by FERC accounts.



Teble #1
Pioneer Unit I

Estimated Construction Cagh Requirements -

Expended through July 31, 1981 $290,000, 000

E=timated

1981 - August uo. 2,600,000Z00
Septenher 2,700,000 °
Cetober¥=+ 2,900;0001:00

November" 3,000,000"°""
December 3,100,000
1981 { total)as? ' $ 14,300,000 59y
1gg82 58,000,000
1983 56,700,000
Estimated Total 419,000,000

-

Note: 1Ineludes allowance for funds used during construction
(AFUDC ). UL&PCo. indirects asre not included,



Ploneer Unit I

Quarterly Project Cost Suamary

LTI '

Totel Committed

Current Experded in Total Expended and Expended
Account Plent Costs Eztimate Thia Querter Through 7/31/81 Through 7/]1/81
. [ARN AN 1
302 Franchlse & Licenae 1,500,000 T T S, 1 m—————————
320 Land & Lend Righta 1,000,000 R T e ememmmmme-
321 Structuraese & Improvements 64,200,000 2,000,000 42,000,000 &6, 700,000
322 Boiler Plant Equlpment 40,200,000 2,400,000 28,000,000 44,200,000
32) Turbine-Generator T 1, Y
Tquipment 44,400,000 400,000 14,000,000 19,800,000
324 Accessory Electiriecsl
- Equipment 15,400,000 200,000 10,000,000 17,000,000
325 Migeellaneous Power
Plant Equipment 3,500,000 1,700,000 2,500,000 31,000,000
981 Engineering & Consultants 41,600,000 1,000,000 22,000,000 23,000,000
982 Generasl & Administrative 4,500,000 150,000 1,900,000 3,700,000
983 Other Indirect Costs 12,000, 000 250,000 6,700,000 8,900,000
984 Earnings & Expenses 150 ’ 3}
During Cansgtruction 4,300,000 me-ilkieaa- 4,000,000 4,000,000
985 AFUDC 126,000,000 cccemaao 39,000,000 106,006,000
991 Spare Partis 1,800,000  —---mmeooe m-e- S
992 Temporary Conatruction N it ry
_ Facilitles 4,900,000 300,000 5,600,000 5,600,000
993 Congtruction Tools &
Equipment 6,200,000 200,000 1,900,000 4,700,000
995 Sugpenae  —c—eoo------ (400,000) (2,100,000) (2,100,000)
Eaceslatlon 33,000,000 +==Z0heeen mmmmmmmmaoal | ammame—em———
Omiesions & Contingencies 14,500,000 @ -—aelilioo-- ' meciamm i ] mmmmmmm——e .
PLANT TOTAL $419,000,000 38,200,000 $175,500,000 $324,500,000
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= - - - - - SELECTIVE CRITIQUE =~ - - - ==

Utility Light & Power Company
Floneer Unit. I. .
Progress Report of 9/28/81

The [ollowing cemments apply to correspondingly numbered
markings-oen the-FPioneer-Unit=I*progress-report for-the month ending =
July, 1981.

1) There 1s a two-month-1leg from the end .of the reporting
period 'to Issuance~of the reportiT ‘'Consldering 'the-’
significance.of the information.given about.the project ..
in the “report, this'ls teeo long:

2) Thisaproblem_and.its:impact.are.described.very.
subjectivalyni~It saysglthingsihave:rbeeneslow ‘butowe o
hopé ~they will-‘get bettertlater‘on™~-"This:problensmr
ghould be thoroughly explained. Cost and schedule impact
(backed up by actual numbers) should be given, as
well as an outline of the corrective agtion, if any,

+ planned:

The "recovery schedule™ has bheen alluded 1o here az a
new schedule, bui nowhere else In the report iz it
pentloned. Has s new schedule been adopted? " ¥hat
is It?

3) Ag in (2) mbove, the problem of dewatering ig defined
very subJectively. MNo cost or schedule lmpmct 1is gilven.
As this 1g merely a summary, thie trestment may be
gatlsfectory - but we should expect a detailed discussion,
containing quantitative information, later {n the report.
Unfortunately It dcesn't exiszst. No informatlionm is glven
concerning the reason for the lmck of additives, how
long the problem has existed, how long It is expected to
exliat and what corrective esctlon 1s beling implemented or
planned.

4) WAYLO's job-shoppers have increased - how many were added?
What 1s the statue of drawing 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 cobtalned,

&) This engineering progress section is worthwhile in that
it doeeg detsil progresas by engineering product (as
opposed t¢ level of wffort or man-hours expenﬁed).
" However, it doegn’t relate the products completed to
the number scheduled {or budgeted) for completion elther .




for the reporting pericd or to-date, What {t says _
ig:” "Here's the number of items to be done over the
elght year project, and here's.what we've done g0 «o
far."® This glvea no early warning or estimated-to-
complete information, nor does it measure perfarmance
of the enginesring effort.. In addition, it Bays ..
nothing .of ctost.- Note-thata"Engineering andwwe
Consultants™ {acecount #3981 of Table 2) iz a ¥41,600 GDD
cost {tem_and_that  one_million_dollars.were- ExpendednhT
for:it durlng "the month et -It .{'s 8- -major ‘candlidatesfor~«r
control and performance reporting. As such, a baseline
budget sheould be prepared, actual progress accumulated,
and acconplishment memsured beoth in terms of cosgt and
schedulet.2 VariancesTghould._ be identified and.....
corrective action described and estimates-to-complete
ghould be listed.

7) Thia could be a very serious or & minor problem.
Exception reportingasls needed-.to isclate-gignifiicant a=:
DCN issues. Additional™informetion 'is required to
describe;

- the ifumber‘of DCN'Vs'Mlssued-to-date' nie.

- the nupber of "DCN's resclved~(and information’
concerning the significant ones}

- the nymber of DCH's issued during July.

' - major sources of nenconformancees.

B) This short parasgraph brings quite & few major problens
to our attenilon, yet does not explsein their Iimpact
ngr detsall the ecorrective action thet Is "being planned”.

G) As in 2) sbove, more impact data 1s required, along with
corrective actlon. Many questions remain unancswered,
f.e,: how long did the sirike last, whet d4iId4 i+4 {mpact,
why 18 the recovery slow {how slow?), how great are the
manpower shortages cited {number, percent, ete¢., ), what
can be done to allevigte this problem, what effects will
corrective measures have, how much will they cost?

10) This section deseribes how late some major buildings are
so far. Three primary deficiencies are apparent:

a. The progress, by building, does not metch the
form&t by which the work is performed [ see
discussion of consiruction packages, page 3}
nol how eosts are estimated {by FERC account,
tatle #2}, Meaningful compariscna between the
three are impossible.

b. Other major constiruetion ectivities are fgnored.
These include: plping (there f& n shortage of
pipefitter welders, tell us how this major
activity 18 doing), electrical work, circulating
water system, mejor equipment,turbine pedestal, etc.



While not pertmining to any particular
atructure, .these 1ltems are aignificant and
could easily 1ie on the critical path.

¢c. Again, no Information concerning estimate-to-
complete (will thingas get_better or worse?),
no reagons.for.delay and ne cutline. ol ...
corrective action. '

11} This.summary glves the appeerance-that’an "earned value" e~
epproach 1sg being taken regarding construction manhours.
However, it 18 not explained whether these Tigures
reflect project to-date or merely the current reporting
pericd;—~-Comparisong between-planned-and-actual -manhourg— .
ere missing, NHo actual or budpgeted costs are listed.

No varlances are listed. The following ltems should be
reported in order for'an "earned-manhour_evaluation=—-
preogram”™ to have merit:’

aotual manhours and

budgeted manhoura ]}~ - both to-date
earned.panhours=:) - thigiperiod.u

varlencesooéd . J— 1—enatcand:5cheduléulﬂ

estimete-to-poopliete

Where major variances exlist, detailed report isoclating
thelr caugses should be available, as well as corrective
agtion outlines,

12} This {nformation hes very little value. Like many of the
gther dates given in the report, it only Indicates the
peak forge. Manpower loading curves could be used to
isclate resource constraints in the mggregate and by
congtruction eraft, as well ag to show trends In staelfing
ability. All we know from this listing Is the gremtest
number of bHodies on the project for some particular day.
Strikes and manpower shortages have heen alluded teo
earlier in the report. What 15 their magnitude? Whlch
erafts have beern affected? Heow long have these
conditions persisted and how gevere have they been?

How will the manpower loading appear in the future?
How will this compare to required manpower, by eraft?
Manpower loading curves would give this information.
Also, partiecipsnts should know: How many shifts sre
being worked, what is the resulting productivity; how
onuch overtime {8 being used and to what effect; what
crafts will be heavily needed in the future, and will
they be gvailable: Why does WAYLO have one man for
every 5% contreector men during the day and one man for
every 145 at night. Are thesge numbers miytures of direct
and indirect, (manual and nonmenual}, ete?

13) No variances are explained. No cost data are given. For
congtruection equipment, the word "committed” could mean
scheduled, required, promised, or paid for. What does
this date tell ue? By the sape token, what does "on hand®



mean? Could all equpment be on hand Yyet 50% of it
cut of service due to malntenance, rvepairs, etc.

14) Please note comment {10), Almost no guantitetlive

results are given. Throughout this narrative we
learn.that.a lot of work hasg."begun®™ and a lot of ..
work "continues"..~ This tells virtually nothing of -
its schedule atatus. It tells &absolutely nothing
regarding cost..o .

15) See comment {23} abtove. In eddition, no status of

piping work not in the yard Is glven, Ho obhjective
information Is given regarding the progresa of this
contractor<to date, . his schedulesstatus,~or corrective .
action pleans to work around the dewatering problem.

16 ) Iten.(10.}-tells .us that;thewcnoling_towen.15 28 weeks . ..

behind schedule and that it 1lies on the critical path.
Apparently; WAYLO-1s- 28 weeks-behind -in preparing the-+~
bid specifications. Here we {ind out that their
specification ig In progress? When I8 it expected

to be completed?mHowslate will:Zthissput-the:cooling i
tower.construction toncetit beging?rn:Whattls being 'doneczne
to expedite WAYLO® I, D

17) See items (3), (9) and {15) above. Earller we are told

18}

19)

20)

21)

22)

23)

A

that circulating water plpe installatlon has been
halted due to the dewatering problem, and here we

find out that all yard piping has ceased due to n
shortage of pipefitters! Again, how great is the
ghortage; how long has 1t persisted; how long should

we expect it to persist; what will it do to cur project;
and what can we do about it, This points out the need
for exception reporting. This item, aleng with its
extent and impact, should be headiined up front.

"ecash requirements estimate” ghould be prepared more often
than yesrly.

The amount expended through July 31, 1981, shown here, is

dramatically different from thet shown on Table #2
{see item (26)).

Note the inconsistency among the trestment of AFUDC snd

UL&PCo. indlrects between Tables #1 and #2. In general,
cash flow reporting format should sgree with cost
reporta and any deviations should be fully explalined.

Again, no performence data Is given. No budgeted to-date

or this period; na varianee; no estimate-to-conplete.

See comment (10). A cost summary by major property

accounting code 1s virtually uselese in understanding
performance of the project.

Committed and expended amounts for accounts 321 and 322

already exceed those estimated, Some explanation of



these accounts leg Iin order. In particular, a variance
enalysis 18 required and it should describe the. .
estimate-to~-¢complete for structures and ioprovementa .
and boiller plant eguipment.

24) See comment {6). -,.

25) Thege items should be dlsturbing. What is "suspense®?

What.is the .cost-iten-"omissicne’?” There-.appears-to——-
be no reserve or "contingency"-other than on. the-groas-arc
praject level. Recommend contingencles, ae well as
escalation, be ldentiflied with the ccost item they

pertain to and_their use moenitored. This report says
that'no contingencies " nor-escalatlionamounts have.heen ...
expended or committed during the first four years of

the preoject! Recommend a reserve manegemént program be

implementeds_ "

26)}-5ee comment (19):=x:

27) It appesars that the forecast hes been changed to match

28) A

the tactual:percent.conplete-to-datessometime z:in early.riv
198005 Howraftenils thig i done?nuWhatiuzseyis it to tp -

compare .actuals to forecast-when.the-latter-is.changed .~
to mateh the former.

significant veriance has occurred during 1581. The
effect on "estimate-to-complete” {which is not shown)
demands furither explanatien. This graph Is éifflcult
to resd, and no numbers are listed for prolect forecast
at the end of the reporting period.
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WBS ELEMENT DESCAIPTION

WAS glament title: WHS elemant no.
COOLING TOWER 03.04
Parmnt Was No.; 03 was leved
Perent WES tithe: .
TURBINE GENERATOR EQUIPMENT 3
Peogram: ~ ° Contract:
600 MW FOSSIL UNIT ) BCILEA — TURABINE
WEBS element description:

A singla unit, hyperbolic nztural draft wet cocling tower, constructed of ~

reinforcad concrets, camplets with basin, pumphouse, core and all associated
machanical and ulectriq:-al oquipme'nt and ::nnu-u.::. This alement doey NOT
include tha circulating water pi;n. The internal piping and distribution
systemn (included) beging at the thrust blacks of infet of CW piping and ends

at outside of faca of collactor basin flumsa,

Revision no.; Pam 4 WES alement no.
Revision datw:

of 27 03.04




600 M¥ FOSSIL UNIT
WORK EBREAKDOWN STRUCTURE.

CASE PROBLEM #2

The Utility Light apd Fower Company plans itc build a new

600 Megawatt Fossil lnlt. The unit hgs been desighed, but

the Vice 'President for Construetion wants sometbhing which he =-
gsays "breaks all the work down into mahageable pieces so I

can make somebody respeonsible for ecach plece.™ He alsc wenis
to use this "o decide what work the vtility will do and what
it will econtract cut." The Project Manager has told your tean
"What the boss wants is a Work Breekdown Siructure. I think it
ought toc go down about three levels'. -

FROBLEM '

Based on your experlsnce with power plant comstruction, construct
a WBS, You will need to consider &t leagt the following elements:

1. Boiler Plant Equipment 23. ProJect Services

2. Silte Improvements 24, Ponds, Intake/Discharge

3, Stesm Genarator Equipment 25, Ceoal Yandling System

4., Turbline Generaior 26. Condensing Systen

5. Raceway Systenm 27. Grounding System

&, Intrasite Compunicatlons 28, Service Alr Systep

7. Project Management 29, Home Oifice Services

B. Turbine Generstor Equipment 30, Permanent R. R. System

G. Plaeot Fire Protectiion ZIquipment 31. Circulating Water Sysienm
10, GCenerator Bus Systen 32, Central Vacuum System
11, Site Services 33, Apveesspory Electrical Equipment
12, Turbvine Building 34. Wet Ash Handling Systen

13. Hyperbolie Cooling Tower 45, Central Plant Control System
14. Wiscellaneous Equipment 36. Stert-Up

15, Structures end Ioprovebents 37. Steam Generator Building
15. ¥Yent and Drain Systenm 318, Crane
17, D, C, Systenm 39, Control Reoonm
18. Consensate Sysatem L0, A, C. Systenm
19, Precipitator 41, Feed Water Systenm
20. Instirumentation 42, Misc, Power Flant Equipment
21. Sewage Treatment System 43, Nitrogen Systen
22, Chemical Wash Systen 44, Ash Handling Facillity

45, 5ite Fire Protectiion System

-
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600 Megawatt Fossil Unit

ENGINEERING/DESIGN WES

BACKGROUND INTORMATIONM . )

Assugptions;: Utility has hired’a typical Architect--Engineering Firm (AfE) to
design the 600 HW Fossil Unit. As such, the A/E's scope of work
includes #11 the pure design and coordination of vendor designs. ::
and submissions”(shop drawings;. 0&M Manuals, etc.) necessary to-
procure, construct, and operate the facility,

45 the Utility Company has decided to be its own Project Manager: .
and control the project itself, it will retain responsibility
for project services. in. the home. office and at. the site.i.s.
Howevar, it is assigning scow design-related activities to the ' -
AfE. Principal among these is Licensing (permits, studies)
Support. The Utflity will perform {ts own procursment, labor
relations, safety,- QC, contract administraticn, scheduling, _.
estimating, dccounting;- construction~ management,- etc: ™~ The = -
Project Enginker (lead A/E person) and his people will integrate
into the Utility's project organization, reporting to the Deputy
Project Manager. The A/E will also have "liaison engineers” at
the site, once constructionm begins, who will supplement the
Utility’'s rResident Engineering staff. Lisi{son Engineers wiil
intarface with the A/E's home officea eaffort when field
angineering problems occur, i.e., when something can't be
constructed as designed and quick fixes are needed.

Development of Enginesring WES:

A basic Inconsistency Always axists when applying WBS criteria to the
activities of design and construction of s power plant., This Is because a
Froject is designed by SYSTEM, yet coostrudted by STRUCTURE, EQUIPMENT,
COMPONENTS, and COYMON SERVICES., There is no one+to-one correlation between WBES
tlepents used to define the design and construction processes. For this reason
it is difficult to establish contreol accounts, numbering schemes, ste., which
would span both.

It iz beneficials {f not essential, therefora, to establish ceontrol
systems, over design &s wel] as construction, which are commensurate with the
way the work is done and end-product-orisnted. Just as our censtruction WBS is
product-oriented (foundations, structural steel, elevators, cabletiay), so is
our design WBS. The products of the design effort are essentiamliy drawings and
specificarions, and the development of these products can be moniteored with

progress, and cost gessured against established standards. Earped Value can ba
caleulated.

In that an A/E contract i3 typlcally cost-reimburseable, it is a prime

candidats for application of Psrformance Measurement technigques for cost and
schedule control.



The design WBS depicted here is based on the systems commonly encounterad
in a fossil unit design. Although nomenclature may vary from one user to
gnother, the WBS levels descend from "groups of systems” to "systems” rto
"subsystemsz."” In erder to reach a product-oriented level, we have extended the
WBS to types of dravings and specifications, arranged by engineering discipline.

All activities conducted by-the A/E are not directly:.allocable torar =
specific system. For this reason we have' estahlished—a.Ycore activities™.. .’
alement at level 2 of our WBS, Items such &s Licensing Support, Records
Management, etc., are included in this elesent.

Although it .may appear tediocus to break down the engineering process to= .«
such an extent, it has pany benefits., Among these ate:

. Comgon basis for work assignment; progress medsuredent & reporting.—,

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

. Aids compunication betwesn ASE and Urility.

. Onca done,-can be:-used. for any power plant conStruction' project =
(transfarable].

Rather than pressnt an entire WBS scheme for & fossil unit to the lowest
level of detail, wa have shown two paths which reach elements associzted with
our case study examples (Exhibits 1 & 2). Examination of both paths wiil
demonstrate the incompatability {one-to-one) of engineering snd construction
WBSs in our condenser example,

In order to show the relationship between the WHS and the engineering
organization [Exhibit 1), & plece of each it matched where vork is parformed on
condensar systeas design (Exhibit 4),
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{WORK DEFINITIDN)

SCOPE DOCUMENT

PIONEER UNIT I

PACRAGE
C-18 _ Installation of Cireculating Fater System. ..-.

General Deserlption of Work --

Install Owner-furnished underground circulsting weter plpe from condeénser
te coocling-tower,-meke-up- system and-intake structure ipneluding excemve-v--
tion, shesthing and backfill,

A, Scope of ¥York:

1., Excavation of plipe trenches.

2. Local dewatering: -~

3, Furnishing aud installing tremech shesthing.
4. Instelli;g and connectling to thrust blocks.
5., Furnishing and installing plpe bedding.

6, Instellipg the undergroupd circuleting water piping from the
rondenser to the sooling tower,

7. Instelling cireulating water make-up piping system.

8. Installing underground suxilisry ceoling water piplng systen,

9. Installing underground circulating weter blowdown piping system.
10, Furnishing end insgtallipg rill1 materiel,

11, Testing eof all pipilng eystems instelled,

B, Teehnieal Specificetions HReguired:

No., 394 Circulating Water System MejJor Yard Piping.

Ko, 107 Earthwork {including excavation, sheathing, pipe bedding,
deslgn, local dewstering, compaction, and backfill),

Ho, 166 Structural Concrete.



Technical Specifications Reduired

{Continyed}:

No., 186 Miscellapeous

Ho. 188 Miscellaneous Steel

No. 21%. Relnforcing Steel . =7

Drﬂl’inl?_ﬂ R'Eﬂuil"&d: 11,

Diseipline

Layauf

Piping
Btructural. Coneretesv=

Civil

Structural Steel

Standard

Attachments feouired:

1, Geeloglieal Survey.

Sheet 2 of

Fab. and deliver.. ux

Eregction,

Sub Tdentification

Flot Flane

Ground Floor Plans

Cross Sections

Flans and Sections - Pump Structures—

Clirculating Water Syestem
Clreyleting Water System~——
Elreulating Weter Systen
FPlot Plans

Site Preperaticon
Clreuleting Weter System
Concrete

Stee]l

Civil
Piping

Cloczely Helated Work Not Tneluded:

1. Furnishing eireuleting-weter pipe including bBifurcetions.

. Geperal Aree Devstering.

3. Furnighing #nd installing mechanical equipment (inclqding pumps,

screens, ete, ).

4, Coollng Tower Pump House Constructlon,

5. Cooling Tower erection, including basin,

6. Condenser instelletion,
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F. Closely Releted Work Hot Ineluded
{Continued}:

7, Ingtalling eirculating weter znd blowdown plplog from condenser
to termipal point of underground thrust bloeck.

8, Turbine Building Foundation,
%. Intersecting yard piping systcos...
10, Plling,

1, Supply and delivery of concrete to contractor's receptacle st -
grade elevetion.

12, Intake. . structure coogitruction.,.—..
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600 MECAWATT FOSSIL UNIT

RISK ANALYSIS

-CASE PROBLEM #3 '

For the funecticons specified by the Irstructior, disouszs the
following items In your group:

1,

Based upon your knewledgse of or experienice with the
funetion, what issues are likely toc be importent regarding:

a, Technical risks,

b, 5Schedule risk.

e, Cozt risk,

Based upon these issyes:

a. What contraecting form(s) are most likely desirable to
the cwner end why?

b. ¥hat conireciing form(s) are most likely desirable ta
ihe coptracter end why?

¢. ¥Whet level of supervision by the o¥ner or construction
medager would be needed and why?

d. What feetors are impeortant for cost Iinformeticn and
eontrel:

{1} for owner?

{2) for contracior?
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SYSTEM DEFINITION -REFERENCE MANUAL

REVISION MG EXHIRIT

One of the underlying concepts of the Construction Froject
Management 3ystem Is the application of eontract controls on a selective
basis depending upen the riszk wssccifated with B specifie cuntract'and

the type of aervice or product bhelng prowvided..

Execution of the control approach should 1lnclude a
description, in each request for propasal (RFF), of the controcl and -
reporting requirements--io whieh 81! contractors will be subjected.._ In
eddition, a specifiec risk analysis should be performed on each selectied
contracter prior to negotlation and aigniné of a written contract..
Bsaed upon the results of the risk analysis, & apecific control program
should be developed for the ecntractor and, where appropriate, the
reporting and control requirements will be incorporated In the terms

and conditions of the contract.

A general 1ist of control techniques 1s provided below, along

with a brief description of each. An overall Seleciive Control Profile,

which Is provided {n Exhibit D-1, relates the various conirols te the
meJor types of contracts, services, and special conditions which may be
encnunteredL This profile represents only a guideline and must be
expanded and tallored as each specific situation Iz addressed, The
various types of controls mey be applied by an owner or his
representative to all conilractors or by a major contractoar to

subecontrectors.

——
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Chenge Contrel. A program which keeps changes {contract,
budget, schedule, ete.) to a minfmum and Insures that esll potential
changes are {1) recognized at the earliest possible point, {2}
thoroughly evaluated in terms of cost, technical perforamence and
schedule impact, and (3) approved or disapproved at the proper
level in the orgenlizaticon.

Schedule Contrel. A seriess of procedures and reports
designed to provide early warning of potential delays In contract
perforonance a0 that the cause of the delay can be praoperly
evaluated and the necessary corrective action taken to keep the
projeat on sechedule,

Retainage. A portion of the contraet price may be withheld
by the cwner until the conirsctor hage substantlally completied his
performance under the ceniragt,

Schedule Penaltiies/Incentives. Arrangements In the terms and
conditiona of a caontrect Wwhereby finanecial Incentives or penalties
are applied teo a rontractor based upon demonstrated performance in
meeting agreed-upons schedule dates., The cbhJective 15 te Bpply
special emphagie to the timely completlen of tasks which are
parilcularly eritical to overell projJect timing.

Work Packeging. A control technique which segments the
project or contract into nmanageable unite of work based on how the
work Is to be sccomplished. Speciflc eriterla ipnclude visibility,
single responsiblility, limlied duration, and defined start and
commpletion., The principal obJective 1ls toc insure thet contractors
have a acund basis for evaluating the progreza of ithedr work and
1dentifying variances and potentinl problema Bt an esrly peint in
the contract,

Audit of Records. An Independent and pericdie review of the
aceounting and control Teeords of a contractor, CM, ARE,
cansultant, ete. In order to insure that the work 1s bweing
satiafactorily controlled snd that rellance can be placed on
lnvoices and other dets submitted by these companles,

Reporting Freaquency. Releting status reporting frequency
to the degree of rigk Inherent in a contract.

Control of Pergonnel Aspignments. Contractual agreenent
stipeleting that the owner, or his representetive, will spprove
the aseignment and transfer of all key project perscnnel. This
partieularly applies to contrecta where the experience of selected
peraonnel 18 critical to the success of the project.
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Establishment and Audit of Reimbursable Contracis. The
negotiation and contractual doecumentation of specifie reimbursable
casts Tor "eeat plus™ and "time and materials" coniracts and the
subsequent review of chargeg for conformance with contracet terms .
and conditions,

Control of Contractor Procurementis, When the owner is
required to reimburse the ceontiractor for equipment end material
which is procured by the contruacter, the eguipment specifiestions,
vendor bids, delivery schedule, ete., azhould he Teviewed to insure
that the procurement-cycle is performed in a cost-effective and ..
efficient manner,

Progress Payments Based on Performance Reports. In situetions
where physieal progress is difficult to guantify, the contrmetor -
should gunpport his percentage-of-completion estimate (basis of ~
progress peyrent-jithrough detalled performance reports.- {Relates .=
to work packaging controls discussed shave.)

Deslgn to Cost, Costs at completion should be pericdically
reesticated during the design phage to Inaure that the project ean
he completed ¥ithin planned costs.

Verification of Deported Quantities. On contracts inveolving
unit pricing, all reported gquantities should be ¥erified prior to
epproval of submitied irvolces.

. Review of Contractor Systems. Contractor accounting and
prroject control systems should be reviewsed and eveluated for
adequacy of conircls and ability to setisfy the owner's informetion
requirements. Any needed enhancements should be inecrporated by
the coentractor. -

Early Quotes/Purchase Orders. Quotes and, where pessible,
early comnmitmente sheuld be cbteined for long leed and esealstion
sensltive materigls end equipment Bs soon asg thelr reguirecents
can bhe determined. The oblective ls to abtalp early cost
vIgibility and minimize the cost Impact of inflatioan.

Specinl Escalation Reporting. For contraets involving
escalation reimbursement, resource trend reports end other
technigues should be utillzed %o monitor the escalation rate of
selected resources and estmablish a forecasied cost at completion.

fy
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Engineering and Configuration {ontrols, A progranm to
maintaln deszlgn Integriiy over the life of the profectl Thie
includes, but 15 not limited to, reviewing design &nd englineering
output for conformance to original concepts and insuring thet sll
engineering docunentation ultimately reflects the "as bulli®
status.

Report Staflfing Level vs. Plan. For nonfixed-price contracts,
particularly where A2 high degree level of effort work 1s lnvolved,
the contracter should be required to pericgdically report actual
staffing levels in comparison t¢ planned levels.

Report Spending Rate ¥s, Plan. This 1s similar to the
staffing level reporting and encompesses mll rescources being =
expended.-

On-Site Expeciting. The owner may provide on-site expeditlng
of contrectora or venders at remote locaticons to help insure timely
avallability of required equipment. This would particularly apply
to eguipment whieh Is highly develcpmental in nature or ¥here there
1s limited capacity for manufacturing the product.

Analyze Rate Varlance. On cost-reimbursable coniracts,
hilled rates sheuld he roppared Lo standard retes and all variances
enalyzZed for cause,

Progress Narrative. The contractor should be required to
submit detalled progress narratives with pariicular emphasie on
potentlial problen mress and suggested solutions.

Eguipment Scheduling. Detailed schedules should bhe maintained
for the procurement and receipt of materials and equipment whieh
can cause delsys In construction progress. The schedule should
inelude development of speeifications, specification approval,
issuance of RFF, purchese order relesse, asnd delivery to the Job
eite-

Progresa Phologrephs. Periodie photogrephs should be ilaken
of in-process canstruziion to suppori status reports and visually
portray specifie problem areas.

Detaf{led Test Records. Detalled records of all technical
and performance tests will be maintained as & record eof contractor
and vendor performance and {or review by the owner prior to final
acceptance. ’
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Drawing Approval. Beforc drawings and specifications are
released for use by construction and estimating personnel, the
owner or hls representative should review and apprave theo to
Insure thal’original design intagrity haas been maintalned. -

Progress Meetings. Perlodis presentations should be made
hy contrAactars, congiruction panagzrs, etz,, Lo the oTner managesment
to deseribe project stztus and discuss potential preblem areas.,
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CONTROL ACCOUNT EXAMPLE #1

TURMKE GENERATOR EQUTMRENT

COKDEMEIXG SYETEM

Leapruuit

wis
Eg::::lsi!ﬂlﬂi YALULUM EYETEM TURE CLEAMING STSTEM
PROMCT o -
ORGANIZATION w 2 E “
3 E wla | B
HENEA R
xE¥| | *
e . =
HTLT]
o | Z
15 =
NOLER :,::: wordl ﬁ/
UPT, TR s "
GEMERAL GENERAL iz emat _./__,;-"
COMTARCTOREUPT. 1 =
(110, -1 /
[T V
COQLINGL __mrus o
el -
STsTin G

et BUM ATl

KDDL g TOWIRY
T




\
\

MM

% 37

N\

CONTROL ACCOUNT EXAMPLE #2 -




CONTROL ACCOUNT EXAMPLE #3
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CONTROL ACCOUNT EXAMPLE #4
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Caze Problem #4

-600 Megawatt Fossil Unit

CONTROQL ACCOUNT ESTABLISHMENWT
CASE PROBLEM #4

The Utility Power & Light Company wants to begln coustructlion

of its 600 Megawatt Fossil Unit in February of 1980. Mr. J.
Wagner %as appolinted the Project Director. Mr. Wagner wented

to assure that hls project organizatien would be structured

to manage effectively, so he wanted to establish responsibilities
for the work he had already broken down Into manegeable subdivi-
sjona using his ¥ork Breakdown Structure {WBS).->~ The next atep
was to Integrete his corpanization with the WBS to identify
Control Aceccunts. Wepgner recognized the eacellent Job thet the
special WBS tegnm_had-done in Its first assignment and felt that
the famillarity with the ¥BS would-help them in the next task of
recontending the contrel sccounts for the Project,

PROBLEM

Your veam 1Is to Prepere s recommended set of contrel accounts

for the econstruction project., Using the Centrel Acecount Matrizx
{Attachment 1) vhich indicates these intersections of the matrix
where work has been icdentified tc an corganization, deiterrine your
recdomended control mseccounts by blecking the X" patterns
horizontally end/or vertically. "X's" may also be gonsclidated
by moving some to include them with others, Use sarrows to
indicate this type of grouping. Be prepared to Jusiifly each
recommendetion froz the point of view of:

{1) degree of mapagement control {beth product and orpganizationsl
levels), considering coat, schedule and technicel critiecality
of the WBS elepenis: and

(2) level of reporiing detail.

Uge the "Seope of Work Assumptions” 2nd "Fagtors to Consider When
Developing a Conirel Account Matrix."



600 Megewett Fossil Unit

CASE PROBLEM #4

CT TO_GCONSIDER WHEN DEVE NG A CONTR ACG T IX.

When developing & matrix, s pumber of' faciors must be considered.-::
The list below, stated in terms of questions arnd factors, should
be congidered,

1.

Doeg the proposed WBS provide a home for every charge activity
co the project, and does it minimize the difrficulty with which
identjificetion can be made? '

Are elements sppearing at the game level of ihe WBS epproxi-
mately equal in magnitude In terms of manmgement interest’
Management-interest-is defined-io terms of technlesl complexity, =
cocgt and schedule importance,

Does each element represeni mn agprageition of all the subordinate
elamants below 147

Cex 8ll of the Item=s eppesring oo the WBS be indentified
to a gchedule?

Can cost be easily identified to ap Individual Control Account
without allocation to two or more Control Accounts? Cen costs
te ¢ollected and sgummarized upward without bypassing lower-level
elements? t

¥ill the integration of the lowest level of the WES with

the project orgapizetion produce contirol eccounts that ere
oot too small; i.e,, the administiretion ceogt ls mot Justified
by the control gelned?

Scme activities ceoceur Iin meny hardware elements of the WBS.
Are these esetivities gignificant encugh to werrept being
identified ms specific slements?

Can significant contracter and contracted effort be
identified on the metrix?



Cage Problem 14

¥EB 2ATRIZ - H600 M FOSSII PLANT

USCOPE QF WORE™ TIO
1. Excavetlon {fixed price, lump sum)

8, The folleowing sysiems are conmstructed with foundations
dneluded in the contract {(i.e,, general excevetion con-
tractor does not excavatel:

. Railroad Systenm
. Ponds, Ipnteke, Digcherge
. Preclipitator
Coesl Handling System
. Coecling Towers
. Clrculating Water Systen

b. Excavatlion Contractor does not excevate trenches or
dewnlter,

2. 8ite Bervices (ceost plus. 8 percentage)

e, This 18 a general contractor present at site for most
of the project, He {Joes sita preperaticn and services
and general pickup work, much of which is comt-plus,
Ianeludes dewatering If reguired., He Is a good candidate
for excavetion on scme systeme In 1.a. above az =
subcontrector. Installs fencing, gates,
construction fecilities, ete,

3. Surveyor [(time und material)
8. Hired by the owner to lay out plant grld system, baselines
6nd bepchzmarks, and verify locetions avd elevatlons,

quantities, ete,, of coniractors' esnd force account work.

4. Foundetion Contracior (mssume no plling required ) (fixed price,
lump sum}

8, Same comment as 1l.a.;

applies t+o foundationg.

b. Baslcslly a concrete and rebar plaecer with some embedded
work,

¢, Installg turbicoe pedestal,
2. Structurel Steel Vendor (unit price with escalmtion)
8. Only suprliep Bteel - po erection.

€. Supersiructure Contrsctor {combinetion lump sum end unit
price) :

a, Respeonelble for exterior wallse, mascory, siding,
deckp, strairs, roofing, ste.

b. Erecta atructural steel,
_3_



10.

11.

12.

13.

14.

Case Froblem 14

Cosl Hendling Coniractor (fizxed price, lump sum)

8, Furoishes and ipstalls complete system except for
large eguipment (pulverizers, crushers, etc.).

Field-Erected Tanks contrector (fixed price, lump sum)

B. Furnishes and installs large .tanks (i.e.,. firewater
storage, fuel oil gtorage).~

Cooling Tower Contractor (fixed price with escalation}
#., Under direction of "Supervisor - Towerg,!

b. Cempleie "foyndeticn-up" responsibility.

Elactrical Contractore #1 and #2

a, #1 appears early Iip congtructicon periecd. . Hamdles ...
construction power, temporary electrical work, apdr:
yard grounding system., He is & candidate for subcon- -
tracting to do electiriecal work for sarly contracters.
Cost plus a percentage,

b, #2 errives later end basically doeg all electrical
woTk (huge cootract, much of it unit price, 1.e.,
$/ft. of cable, $/rft. of tray, $/termineiion, etc.).

Mechanlcal Equipment (cost plus a fixed fee)

a, Mechenicel Supterintendent #1 handles early, 1ight
service equipment (building HVAC, sewage treatment
fasility, ete.).

b. Mechanicel Superintendent #2 handles later, heavy
equipment erection (turbines, large pumps snd motors,
ete.).

Insulation Contrector {fixed unit price)

2, Insulstes generelly mll) buildings, piping and eguipment.

b, Does not {pgtell) turbine-generator legging, or precipi-
tator ipzuletlion.

Painting Contractor

8, Paintg ell buildings (outside) and some equipment sand
piping, ipeluding reguired touckh-up,

. Basieglly unit price or T 4 M contract,

Interior Architectural Fipishes Contractor (combination fixed
price, lump sum and unit prices)

a, Furnisghes and Instells flecr coverings, interiocr partl-

tiong, doorg, suspended cellings; paintg bullding interiors;
ete,



“MANAGING INDUSTRIAL PROJECTS” (MIPS)

RESPONSIBILITY ASSIGNMENT AND
CONTROL ACCOUNT ESTABLISHMENT
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“MANAGING INDUSTRIAL PROJECTS” (MIPS) '
CONTRACT ADMINISTRATION

Apdes Vipgal TR 751

CONTRACT ADMINISTRATION CONTRACT ADMINISTRATION

o | i
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“MANAGING INDUSTRIAL PROJECTS” (MIPS)

CONTRACT ADMINISTRATION
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“MANAGING INDUSTRIAL PROJECTS” (MIPS)

CONTRACT ADMINISTRATION
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“MANAGING INDUSTRIAL PROJECTS"” (MIPS)
CONTRACT ADMINISTRATION
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“MANAGING INDUSTRIAL PROJECTS" (MIPS)

CONTRACT ADMINISTRATION

Auda Vigual T Fat

ADMINISTRATION

3. ISSUING CHANGE ORDERS & __. _
i EXTRA WORK AUTHORIZATIONS

—— e

y

ADMINISTRATICN

5. BACKDHARGES %

I ]
L]

St R RN A T IR L PR
-'5?‘1'__-%1:;';- Fi% LATIC VAL AFPRCACHES
Eﬁtiw k| ; y miiliaieh

w '*:Tr';{

i ) are u PR 4
iryrivti Lk R PR o ey 2 o g
e . g FX LAk Wt
g BT
Y b i L

R lrn 2 T L '
e P

—~ . Ly
o - .ﬁ? ~nte
- 4 & d e
- o T ~h - r!&-rw T g e

—

IDMI:I_'HIE'I'I.lﬂDH
L AR
4. RESPONDING TD PROCESSING CLAIMS'

ADMIMISTRATMEIN

B, FOAMATION OF BRIEF-FORM COMTRACTS i

ORCANIZATION APPROACHES

THE "PURCHASING™ APPROACH (.1 . -
+ REPOATS TO HOME GFFICE PURCHASING {PROCUREMENT)
# LITTLE EWGIKEERING CONSTRUC TION EXPERIENCE

= PHYSICALLY REMOVYED [UNRESPONSIVE)




“MANAGING INDUSTRIAL PROJECTS" (MIPS)

CONTRACT ADMINISTRATION
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H
- « POSSIBLE CONFLIET OF INTEREST
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1
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ESTIMATING, SCHEDULING AND
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“MANAGING INDUSTRIAL PROJECTS"” (MIPS) ™

SCHEDULING, ESTIMATING AND
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“MANAGING INDUSTRIAL PROJECTS” (MIPS)

SCHEDULING, ESTIMATING AND
PERFORMANCE BUDGETING
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“MANAGING INDUSTRIAL PROJECTS” (MIPS)
SCHEDULING, ESTIMATING AND

PERFORMANCE BUDGETING
Awdic-Viauat T TS
COST/SCHEDULE MISMATCH -~ | - PERFORMANCE .
BUDGETING
SCHEDULE REPORT EOET REPORT
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CONTROL ACCOUNT #68

o befiee
TURBINE BUILDING SUPERSTRUCTUHE

"I‘

Boundaries N-"A” Lme Wall. S--B” Lme Wall

E-B" Wall W- Column 1 Elevation 260 -420°

(J\ e pe- S BRI AT
™ BEF Engmeerlng Design Drawungs

D2 134. D3 115,
D2 136. D3 116.

( D2 135. D3 120. e
“-l'u-‘:! [.;__*_ H!,',r.:
Remarks: Inciudes Main Stream Tunnel —

Structure Work Only. Also CIRC
Water Lines/Encasements.-
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CONTROL ACCOUNT

MATERIAL LABOR LABOR MATEAIAL LABOR LABOR
CODE DESCRIPTION QUANTITY UNIT _ SUNIT _ HALUNIT $HR. 3 $ HAS.
2RI " HEINFURCING BAR 200 N 400.00 — - BU, (00 — -
2HIOM | WEINFORCING TIES 200 ™ 10 08 - - 2.000 — _
24100’ NEBATE PLACEMENT 200 W - 40.00 12.00 — 36.000 8 0G0
JRAOM  FOORMS 80.000 SF¥ " 200 — _ 160.000 — —
2650 FDHMS PLAGE 80.000 SFyom — 0.75 10.00 - 600.000 60 400
ZB56M  CONCRETE 1,00 CY.'e 4000 — — . . 160.000 — —
ZB0L  CONCRETE POUR 4.00 CY - 2.00 10.00 — g0.000 8000
anneM EMAFD IHON &0.C00 L8 1.50 —_ — q¢.a00 —_ —_
A2 EMB RO SET 50.000 L8 - 0.10 1040 - 60 000  b.000
ANIM  ANCHOR 80LTS 30 LB 1.50 - - 120 — —
0Dl ANCHOR BOLTS PL. i L8 - 0.25 11.00 - 220 20
AN0BM  PIPE SLEEVES 200 EA 60.00 - _ 12.000 - —
A08L  SLEEVES PLACE 204 EA — 10.90 16.00 - 20000 2.004
TOTAL CONTROL ACCOUNT 504,120 856,220 - #4020
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CONTROL ACCOUNT

PREC  SUCC et

TASK  EVENT  EVENT DESCRIPTION DURATION ™ STARY COMPLETE
1 248 269 AT WALL. 1-10. 360° 5.0 1 AUG, 78 10 OCT. 78
2 281 283 “A" WALL. 10-12. 360 43.0 24 APR.'79 19 FEB. ‘80
3 380 384 ~B" WALL. 15, 10.0 19 DEC.'78 27 FEB. ‘79
a 384 390 “B" WALL. 5-12. 360 16.0 27 FEB.'79 19 JUN. ‘79

.5 518 520 “B'" WALL. 1.5, 420 13.0 6 NOV. 79 12 FEB. ‘80
6 520 522 "B WALL. 5-10, 420 6.0 12 FEB. 80 26 MAR. 80
7 522 524 "B WALL. 10-12. 420 25.0 26 FEB. 80 17 SEP. ‘80
8 534 536 AT WALL. 112, 420 12.0 26 MAR. 80 18 JUN. 80
g 654 654 "B WALL. A-B. 420 10.0 31 DEC. 80 3 MAR. 80



CONTROL ACCOUNT SCHEDULE

78 79 80 81
|A|5|U|N|D|J|F1M1A|M|J}J|A|S1U|N|U{J|F|m1n|mu|J[A|S|0;N|D|J|F|M|

1.0___] "A" WALL. 1-10. 360
| ] A" WALL. 10-12. 360
C——1 8" WALL 1-5. 360
C——] B WALL. 5- 15. 360

[ ] B WALL. 1-5. 420
3] ‘B WALL. 5-10. 420
BT WALL. 1012, 430'1 )
“AT WALL. 12-12. 420 { N

B WALL. A-B. 420 T—



2. “A” WALL, 10-12, 360

SUBTASK
# DESCRIPTION QTY  UNIT  MTL$ LABOR$  LABOR HR.
1. REBAR PLACE 5 TN 2.200 2.400 200
2. FORMS PLACE 2.000 SF 4.000 15.000 1,500
3. PLACE SLEEVES 110 EA 6.600 11.000 1.100
4, CONCRETE PLACE 100 CY 400 2.000 1 200
5. EMBED IRON 200 LB 300 200 20
i
$13,500  $30,000 .3,020
} ,
START COMPLETE DURATION

24 APR. 79 11 FEB. ‘80 43.0 WEEKS

1 Do
] L



3. “B” WALL, 1-5, 360

SUBTASK

# DESCRIPTION QTY UNIT MTL§  LABORS$ LABOR HR,

1. REBAR PLACE 15 TN 6.600 7.200 600

2. FORMS PLACE 5000 SF  10.000  37.500 3.750

3. CONCRETE POUR 300 CY 1.200 6.000 600

4., EMBED IRON 600 LB 900 600 60
$18.700 $51.300 5.010

START _COMPLETE DURATION

19 DEC. ‘78 27 FEB. ‘79 10.0 WEEKS



—
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Case Problem #5

600 Megawstlt Fosgil Unit

PERFORMANCE MEASUREMENT BASELINE ESTABLISHMENT
FOR CONTROL ACCOUNT
CASE PROBLEM #5

£
- J;F";L{ £
The General Constructicon Manager hag ispued & schedule for
the ‘condenser erection.,-'See Exhibit:=1.* %

Mr. Wagner, the Project Manager, has had a Control Account
work ststemepni prepared for each Control Account. See Exnidbit 2,

Since you are responsible for the Contrel Account, it is your

Job to eatablish a baseline plan for the Control Account., Use

the Baseline Plan Workshest, Exhibit 3, to record your work task '
Earned ¥alue Lechhliques and to develop your bvaseline,

Aefer to Exhibit 4 for the recommended Farped--velue-technigques.

Assume thelt esch man-hour-costs §20,



Cage FProblem #5

EXHIBIT 1

CONDENSER ERECTION SCHEDULE

TASK

Install Waterbox F1

Install Weterbox #2

Erect Hot wWells

. Tubes

Tube Sheetn

Transitionsg, Necks

EMARK

Start February 1, 1981, finpish
July 30, 1981, continuocus opersa-
tion, no interpediate milegtones.
Takes 2,400 oman-hours,

Start January 1, 1982, {finish
February 28, 1982, same sz #1
sbove. Takes 800 man-hours.

Start Februery 1, 1981, finish
February 28, 1981; takes 1,000
men-hours, no intermedlate
nilestones,

Start June 1, 1981, finigh
Septecber 30, 1981, 4 equel tube
quadrants, 3,000 men-hours

per quedrent.

Start April 1, 1981, finiszh

June 30, 1981. 300 man-hours
total.

lst month--2 sheets, 100 man-hours
2nd wonth-.3 sheety, 150 man-hours
3rd month--2 sheets, 50 man-hours

Start Februery 1, 1982, finish
June 1, 1982, Continucus work,
no intermediete milesztones,
1,000 man-hopurs,

-F=



.
P

CASE PROBLEM #5 EXHIBIT 2
CONTROL ACCOUNT WORK STATEMENT !

{ ORGANIZATION: SUPERINTENDENT: WES: REV.
initials
GENERAL CONTRACTOR date__ L3100 CONDENSER (0}
Boiler/Cooling Tower . .. B.S Magter. ... i ;
BUDGET: SYSTEM SUPT. PARENT WBS: -
inftials
date_ 1.31.80 CONDENSING
Labor $350,000 J. Smart SYSTEM
PROJECT: CONTRACT:
600 MW Fossil Unit
C—10
SCHEDULE START: SCHEDULE COMPLETE: PROJECT CONTOL Dats
MANAGER P repared:
02.01.80 06.01.82 12.1.79

STATEMENT OF WORK

1. Erect Hot Wells

r2

ETect Water BaoXxes
3. Install Tube Sheemts
4. Install Tubes

5. Install Transitions, Necks

CLOSELY RELATED WORK NOT INCLUDED

1. Condenser fabrication and shipment.

2. Receive, unload and store material at site.
3. Erect Condenser Shell.

4. Crossover Piping (HP, IP, LP}

5. Condenser. piping connections.

§. Vacuum System.

7. Tube Cleaning System,
B. Electrical, I § C installation and connections.
9., Hydro test.




1 ]."l."

CONTROL ACCOUNT BASELINE PLAN WORKSHEET

CONDENSER
=Tl 1881 MONTH 1982 Tou
No.[' TASK"™ |EVT|[F M A M J J A S O N D J F M A M |Minhe
WS TELL .
U IRTCCART- v RGN 1720 N O ] D Y 740
LTLLL _'—_;_'"“—"—'*:—‘* === == == —
" Be
2 luireoonz | MY | A 4
eECT T
3 ST T e o
WELLS
4 feE B2 A 2000
EE . )
9t by 4] -
LHEETS 3
G LHL TS o 1 =111
£ MELLS U 4 -—'irmﬂ
Current Coxt (thousans)
Cumulstive Cost (thousands) '




Case Problem #5

EXHIBIT 4

EARNED VALUE TECHNIQUES
A, DISCRETE
1, Incrementel Mileatone
2, Units Complete
3. 50/50 '
4. 07100

B. SUBJECTIVE MEASUREWMENT (Percent complete)



Case Problen #§

600 Megawatt Foasil Upit »~:

EARNED.VALUE "CALCULATICN Io4
CASE PROBLEM #6: +« . ..

Since you are the Condenser Erection Control ‘Account Manager, -™
it is your Job to evaluate the 'status of work each month and -
davelop the Earned Valus. Attached you will find the status

af your control account. See Exhibit 1, Using the Baseline
Plan Sclutlcn from Problem f{r and the status, determine the
Egrned Value for sach task wfihin your contrel mecount.

Record your results on the Earned Yalue ¥orksheet.



Fxhibit 1

&00 Megawatt FOSSIL UNIT

_Case Problex #6

-

CONDENSER - CONTROL ACCOUNT STATUS

Month of July, 19381

Ho. TASK CURRENT CUMULATIVE
1 Weterbox BOO0 MH usad 4000 MH used
1. #1 10% complete 504 complete
2=[ - Waterbox === | No activity Ne metivity
S F Ty
x #2
3 Hotwells Ho aetivity Comnpleted
800 MH used
4 Tubes Quendrent #1 completed Quad, #1 ccoplete
4000 BH used 4000 MH used
5 Tube Ho activity 5 Sheets complete
Sheetn 350 MH used
& Transitions, No activity Mo activity
Necks -




CASE PROBLEM #5

CONTROL ACCOUNT BASELINE PLAN WORKSHEET SOLUTION
CONDENSER
- 1981 MONTH 1982 Total
No, [w-TASKnvw [EVTI[[FiM A M 4 J§ A S O N D J F M A M |Manhou
1' | Waterbox #1 1 I 2 2,400
: [ ]CompL I’4pﬂ ~§001300[ 300( 500{300
- i i - f i
2 | Waterbox #2 |50/50|) - e 800
\ . \ 400] 400 1.0 |
! - 1
3 | Hot Wells 0/100 1,000
- : . |[T000 | - ,-
i i 5
4.\ Tubea = |Units [} S U I -] 12,000
i * Cnmpl, 1= 1 2 3 41| =-- : - . =
30| 30 3000 3060
5 | Tube Shetts Increm, 300
Mile-
Hones
6 .| Transitions, % 1 A 1,000
Necka Compl 230] 250] 230] 250
_ . TV 500

Currant Coxt {thousands)

5

o
N
=N

10 llﬁ?ﬁ&‘ﬁﬂﬁﬂ'{ﬂ of o s 13
Cumutwtive Cost (thousands) [| 28] 36 | 46| 57126 194] 254 314/ 314)314] 314 322! 335) 340l 345]350

MILESTONES:

- 1—1 Begin Waterbox 1
1-2 Complete Waterhox 1
2-1 Begin Waterbox 2
2-2 Complete Waterbox 2
= 31 Install Hot Wella.
4-1
to Complete Tube Quadrants 1, 2,3 & 4.
4—4
S5—1 Complete Tube Sheet 1 & 2
5-2 Complete Tube Sheets 3,4 & 5
5-3 Complete Tube Sheeta 6 & 7
6--1 ~ Bepin Transitions, Necks —
6—2 Complete Transitions, Necks




CASE PROBLEM #6 —°

EARNED VALUE WORKSHEET
CONDENSER
- : e CURRENT.-_- . CUMULATIVE -~
: TASK ===|| ACTUAL |-BUDGET=:]s EV = |- ACTUAL:[ BUDGET:.|: EV .=|"
Fl . i i :
WATERBOX
1 . L16,000 |-— 8000.] 4,800 80,000 | ~ 48,000 24.000
WATERBOX
#2 0 0 [H 0 0 0
HOT '
WELLS 0 0 0 16,000 20,000 | 26,000
TUBES 80,000 60,000 | 60,000 10,000 120,000 | 60.000
TUBE
SHEETS 0 0 0 7,000 6,000 | 5,000
TRANSITIONS,
NECKS 0 0 0 0 0 0




CASE PROBLEM #6

EAANED VALUE WORKSHEET " "

CONDENSER ~ i
: : = CURRENT = _ CUMULATIVE—>
Na. TASK ACTUAL | BLOCG E'l_' EWV ACTUAL | BUDGET EV
watersoX | 4. . .
T S B0 ¢ Hol ) 240 |. 4500 j-L[:ﬁD 1109
WATERBOX . '
2 T:-zm D O O £ 0 O
HOT
3 WELLS & O 0' {00 (O |lood
. TUBES [ dpop 00 (%000 | 4090 (4000 | 3000
TUBE — : y
5 SHEETS O O o [259, | 2oe 5o
TRANSITIONS,
8 NECKS O < o & o O
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“MANAGING INDUSTRIAL PROJECTS” (MIPS)

| -

MEASURING ACCOMPLISHMENT

LY LS .S I

At Al

Ao

— ma s
e rmawm

MEASURING ACCOMPLISHMENT

- ¢*{

: i

o~

WHAT HAS BEEN
ACCOMPLISHED?

¢ DRAWINGS COMPLETED
* FEET OF CABLE PULLED
e FEET OF PIPE INSTALLED

|

BUDGETED VALUE

FOR THE WORK
ACCOMPLISHED =

EARNED VALUE

=Copyriphi 1080
ARTHUA ANDERSEN & GO, HUMPHRETS & ASSOCIATER
Al Righte Rgnarvad N

J‘h

MEASURING
j ACCOMPLISHMENT _.

[ PROVIDE A METHOD FOR
MEASURING WORK Accompusumsjf

! DEMONSTRATE THE APPLICATION
OF METHOD 70 THE UTILITY
ENVIRONMENT— -

' ACCDMPLISHEDJ

g

WHAT IS THE
VALUE

OF THE WORK

'_—
gres r

EAHHEE.I VALUE

£057
EARNED VALLE

\#

TINE
IS A GOOD APPROXIMATION




“MANAGING INDUSTRIAL PROJECTS” (MIPS)

MEASURING ACCOMPLISHMENT

Audie Wapual T TE 4%

EARNED VALUE ..

- .~

W EL]

e AN.OBJECTIVE. MEASURE__

i OF WORK ACCOMPLISHED]:

e BASED ON THE

* BUDGETED VALUEZ::

[N

UNITS COMPLETE - PLANNING

' T
WONTH F B 1 1 ) LB a THIAL
etk 1,50 2.9 Lim 1. XL
i
L1
[N ) }I'IH,- a0l | 1M e imp0d | TR
FER MIET |

p S

e —

(

ik .|

re W

TASK 1.

~

EARNED.VALUE OF A TASK
r i

A 100% A '

TASK 2 ™

A % FaY
TASK 3 |¢ oA I

TIME™ "
NOW —~---
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JACCUMULATING ACTUAL DﬁTﬁ;\-_




OWNER PROCEDURES

REPORY

COMPLETIONS

COMPANRY
EVENTS

VERIFY
VENDDR
PAODUCTS!

| SERVICES |

VENDOR PROCEDURES

QUANTITIES

'hhhhhhh‘“““ﬁ-h, PROGRESS
TiME

PREPARE
INVOICES

MATERIALS

\_,_/-—

VERIFICATION FOR ACCURACY

VEALFY

ACCOUNTS '

COMPLETE- '
NESS

N

VERIFY

CALCULATIONS

CONTRACT
COMPLIANCE

ACCOUNTS

ACCUMULATE

FOR
PAYMENTS,
REPORTS




“MANAGING INDUSTRIAL PROJECTS (MIPS)

ACCUMULATING ACTUAL DATA

Ao Vrbun) FB-T51 v T

-

i ACCUMULATING
gg.{,gnm"“ " SCHEDLLE™— |

=

Bt

TYPES OF DATA NEEDED

v 4o ~_ 000 | |- .cus
y ' : »\EI]I.IIFHEHTw o~ ; _
r ' MATERIAL - '

t

A
ot B o

e ACTUAL COSTS - !
o COMMITMENTS

e CHANGE ORDERS |
e PRODUCTION

|

ESTIMATE TO EU!‘v‘IPLETE . J

SCopyrighl 108G
. ANTHUR ANCERSEN & CO_, HUMFHREYS & ASSOCIATER
AR Nighty Meparvrel

rZ
ACCUMULATING ACTUAL
L: DATA"‘ e ]

[rf DISCUSS WHAT DATA WILL BE. =| -
¢ NEEDED THROUGHOUT PROJECT |

O, DISCUSS:WHEN: AND-HOW.T0: 55 | -
COLLECT AND VERIFY DATA -

h‘l

_J-rl:

T

LATE REPORTING

IDENTIFYING THE DATA




—_

“MANAGING INDUSTRIAL PROJECTS" (MIPS)
ACCUMULATING ACTUAL DATA

Andil-Yriual TH-TE1 T F=

IDEMTIFYING THE DATA : W

WL PR . (A MEm T
FLEME AT OF BATA Mg aTalalin 10 MARDWARL,

aA T CLAYSIFRLATIONE * vr vy MROCHAET, REAVICE DA TREA - -
OF DATH ACCOATING TO N

IDENTIFYING THE DATA
CONTRDL WE. PROPERTY AGCCOUNT

ey w7 ’:‘? .
= N e
X 0 - —— -
W T =
: "l:\ il
! al
'.& -
.-d“'::.-—
. * | -
= h T © FCTIGEAL (ke ms Teim e
= M “*\ THE GRCAMLZATA0N | LEWIWTE
AN TWf FURCTgR) —— -
IOYOH YT T A
DM TRAET EFFRT DR
L - WFAL WML
v
r ™y

YEMFICATION FDN ACCURAEY

i
i

‘\\‘ |

13

PLAN AHEAD FOR ORDEFRLY
DATA COLLECTION

IDENTIFY NEEDED DATA I
DETERMINE LEVEL OF DETAIL
DETERMINE SOURCE OF EACH DATA ITEM
DEFINE DATA IDENTIFICATION CODES
DESIGN FORMS

DESIGN AND WRITE PROCEDURES J

TRAIN PERSOKNEL

!
-




t/’— ‘COMPARING PLAHNE\
" AND ACTUAL PERFORMANCE




eost:  fy- AL
6(_[1,?0‘3{“ v~

VARIANCE CALCULATICON EXERCISE

COMPARSON - MEANING .

SCHEDULE COST SCHEDULE cost
Earned Actual .
Budget ¥elue . Cost {on/aheed/Behind) (On/QOver/Under)

A. 100 ;1(:5 $100 * v

3. 100 150 150 150-}9_,‘:,; T O -

c.” 150 100 100 . - 50 D!

D. 100 100 150 0 =50

E. 100 150 200 L& -50

F. 150 100 150 -50 S0

G. 150 150 100 O So

g, 100 150 100 30 o

I. 200 150 100 ~s0 oD

EARNED VALUE - ACTUAL COST = COST YARIANCE

EARNED VALUE - BUDGET = SCHEDULE VARIANGE

g TATA0Ld ASED

-



51J= EV- o
CASE PROBLEM # B
VARIANCE CALCULATION WORKSHEET .
: {COST & SCHEDULE VARIANCES) =73} T
X CONDENSER v .
E - - .- - LR SRR ]
CURRENT ({JULY '81) CUMULATIVE -
No, TASK . | ACTUAL] SUDGET | EV - LV SV | AcTuAL | BUDGET [-EV. [- CV¥ 5Y
WATERBOX 16,000 | 8000 [4,.800 {\mﬁ\iﬂ@"} 80,000 { 48000 | 24,000 3 coo)f 240 o)
bpt e VT 5 I EEIR IPISE PE TR T VSRSV U A R
F)
WATERBOX
2; - :#2'_';;_,' 0 ——t - ﬂ ' u '-G c: |ﬂ J}iu “'-ﬂh [ ] - Lt
3 5 - 3 % H H H i H 3 . i.
SR RN+ SO RSP B o N T T Il B e
3 WELLS o 0 0| © | o |16000] 20000 zu.ooul oo | 7
4 “ TUBES |40 000 | 60,000 60,000 (o] & | 80,000 |120,000 m,oujl}oé:ﬂlﬁm‘)
TUBE \
5 " SHEETS ol 0 o| @ fe 7000 | 6,000 s,omlbw\ hﬂﬂ“)
TRANSITIONS,
6 NECKS 0 0 ol o o 0 0 o § g
TOTAL | 96000] 68,000 64,800 (31200 [(3320) 183,000 194,000 109000




_,“MANAGING INDUSTRIAL PHOJECTS” {(MIPS)-

COMPARING PLANNED.AND ACTUAL. .i.
PERFORMANCETT

Al MR o

[

e

EBMPAHIHG PLANNED AND ACTUAL
PERFORMANCE °*

\

SCHEDULE VARIANCE

o EARNED VALUE MINUS BUDGET

s DOLLAR VALUE OF WORK
AHEAD/BEHIND SCHEDULE

s ONLY AN INDICATOR

e
7
) SAMPLE CONTROL ACCOUNT
EARNED VALUE VARIANCES
nin v ] ;
uwy swewe | KT 5-1 '''' 1 A
LT ] "ﬂ ||E
wmy nooew | &Y . il N
TR T E ] }'.'l .f"l _f,h
It U [ - m [L] um n
[T T VY ] [ -
T ) iy ™ - i)
oty [ m | A | om 7
- e LTI RIETE -] 1 s | 1 t

——

TEapyrighl 1H9
ARTHUR AMDERSEN & CO,, HUKMFHREYS § ASSOCIATEY
&R Aighla Aasrrvad

- A

”

COST VARIANCE

o EARNED VALUE MINUS
ACTUAL COST. .

o DOLLAR VALUE OF WHAT
-YOU ACCOMPLISHED ~ -
MINUS WHAT [T COST YOU

f

\__ - J

VARIANCE CALCULATION

£ost
VARIANCE

SCHEOULE
VARIANCE

= EARNED VALUE ~ ACTUAL COST

= EARNED VALUE - BUDGEY

Y

LABQR COST VARIANCE
COMPONENTS

ACTUAL RATE
r——-—PLMlN ED AATE——

)

SUDGET

ACTILUL UAGE—
PLANMED (EAGE

RATE YARIAMLE

[ —

&
J USAGE YAAIAMEE

‘h—-
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“MANAGING INDUSTRIAL PROJECTS” (MIPS) —

COMPARING PLANNED AND ACTUALw .
PERFORMANCE=:: | L

Auchie- s P
e -~

Y ™

MATERIAL AND EQUiIPMENT COST
VARIANCE COMPONENTS . -

]

4

-

-3

KED LEAGE

_I L—rLan
i L
2

=5

-

[

£

i

[

uhv—u.-ull‘i

ACTUAL USAGE—

PUCE VARLAMCE

-
—r '




_—/REPORTING AND ANALYSIS\
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Al wnlfme

PERFORMANCE REPORT—WORK BREAKDOWN
STRUCTURE

L

P EH

CUMULATIVE TO DATE ‘ AT COMPLETION
WBS ELEMENTS BUOCET | EARNED ACTUAL SCHEOULE casr BUDGET | ESTIMATE | vARIANCE
f VALUE £0Ss VARIANCE VARIANCE PO R T
' - £ ECRTH
! 1 12) 13) (4} i5) (&) O} (R --iiiljd - 4D
v FOSSIL UKIT .
STAUCTUAES & (MPROYEMENTS 20.000 22.000 18.000 1005 4.000 50.000 16.000 4.000
BOILER PLANT EQUIPMENT 40,008 17.000 19,000 13.000} 12.000 200000 | 210,000 | (16.000)
TURBINE GENERATOR EQUIPMMENT | 10.000 | 10000 |  12.000 - (2.000) 50000 | 50.000 _
ACCESSCRY ELECIRAICAL EOUIPMENT 2.500 3.000 2.400 {5003 200 ' 15.000 *15.000 -
MISC POWER PLANT EGUIPMENT %00 700 600 709 100 5000 ’5.pui: -
Pnu'.ncr SEAVICES ' 29.000 27,000 31,000 12.000) (4,000 :-'n.nm;: n:r:ml 15,000}
b - 11,
PERFORMANCE MEAS. BASELINE 101.000 93,700 101,400 {2,300} {3.700) 410.000 41000 | (11.000)
PRDJECT RESERVE R ——SSSEOEETEETT
TOTAL ! 103 000 99,700 103 400 13.200 lJ.':'lllll '41n.uu_?- . Hl;lgﬂ:l.’: -
' s T T i
2ap e oh




PERFORMANCE REPORT —PROJECT ORGANIZATION

PROJECT CUMULATIVE TO DATE AT COMPLETION

EARNED ACTUAL SCHEOQULE CDST .
ORGANIZATION BUDGET VALUE COST VARIANCE | VARIANCE | BUDGET { ESTIMATE | VARIANCE
in .2l 13 i1 {3 L] i L] 9
AJAX EXCAVATION 6.000 5,000 4.900 (1,000} 100 12,000 * 12,000 —
ACE SITE SERVICES 4,000 4,000 3,700 —_ 100 15,000 2,000 {6,000}
AIABORNE SURAVEYDRS 2,000 1.500 1,800 {0y {300) 13,000 3,000 —
. - 11
PERF, MEAS, BASELINE 103,000 99,700 103,400 {3.300) {3,700} 410,000 421,000 (11,004}
N N -~ S Y .
PROJECT RESEAVE T T T TrRHtaiIIYY s.00 [ 1soo0 | 11000
TOTAL . 103,000 99,700 103,409 {3.300) {3,700) '440,000 440,000 -




600 MECAWATT FOSSIL UNIT

VARIANCE ANALYSIS REPORT CRITIQUE
CASE PROBLEM, 9

- - - - LR - -

0 Q AM R? .

Attached are four different verslons of e Verfance Analysis Report
onn the same Performance Measurement data.. Usging the checkliat
(Attachmentql},ispendulﬁ minutes=analyzing these reporis, -uglng-=- - -
the eitached eritigue.- - }

The szeminar leader will then lesd g digcuesion of the guestions
below:

1, Choose the best Variance Anelysis Report, Why did you re ject
the other three reporta?. Be spavific .and -note comments-on -~
esach report,

2, Are there any weaknesseg In the report you have chosen?
What are they?

=la=



VARIANCE ANALYSIS REPORT

wBS: Condenser REPORT PERIOD: July, 1981
NO.:  62-091—1-82-6
(8000}ttt BUDGET=-.EAANED ~»:- ACTUAL AL | SCHEDULE.. % _|. cOST. %

VALUE™ "™~ VARIANCE™ -~ |VARIANCE '~

CURRENT 68 64.8 96 (3.2} {5} (31.2) (48)

CUMULATIVE 194 109 167 @5)  (44) (58) (68)

TOTAL ESTIMATE VARIANCE

BUDGET 350, AT e AT

- COMPLETE ==:350 == COMPLETE==0

PROBLEM ANALYSIS

IMPACT

CORRECTIVE ACTION PLAN

EAC JUSTIFICATION

CONTROL ACCOUNT MANAGER APPROVAL
H.35. Master Jack Smart
Condenser SupL g-4-41 Coaling System Supt. _ 8-5-4l

TITLE DATE TITLE ' DATE




VARIANCE ANALYSIS REPORT "~ °

wBSs: Candenser REPORT PERIOD: July, 1981
NO.:r. 62-091-1-82-6 5 u . L
{$000} ~  BUOGET EARNED ACTUAL™ SCHEDULE % COST %
* VALUE VARIANCE VARIANCE
CURRENT -+~ 68° - 648 96 (3.2) - {5) -| (@aL2) (8)
CUMULATIVE 194 109 - 167 83)  (44) " (38) (68)
TOTAL=T: —= _ ESTIMATE.Z_ - - VARIANCE =™~
BUDGET 330 - AT AT
COMPLETE 350 COMPLETE O
PROBLEM ANALYSIS s |

- Current perivd CV is §31,200 and cumulative CV is $74,600, Both are caused by more labor...
tine being expended in the troublesome installation of waterbox No. 1. The problem is not in our
labur use, but in poor fabrication of the walerboxes by the condenser vendor. This is also the cause
of schedule slippage.

IMPACT

Cost impact is substantially unknown at this time, If we don'l get better waterboxes from this
vendar, we should take them off the bidders list. This problem causes our company lo virtually re-
design the boxes in the ficld by our engineers who are working outside their expestise. A 1ot of time
is wasled talking to venduor reps.

CORRECTIVE ACTION PLAN __',,

Extensive weld prep. and welding is heing done ta assure tolerances for proper fit-ups and align-
ment. This prublem has the personal attention of Mr. Baily, QC engineer. Co

EAC JUSTIFICATION

No update of EAC at this time. Will have a better jdea as 10 additional costs in the future.

CONTROIL, ACCOUNT MANAGER AFPROVAL -
RS Master Jack Smart
Condenser Supt, 8--4-81 hﬂm:-l[ng Systern Supt, - 4-5-81
TITLE DATE TITLE DATE




VARIANCE ANALYSIS REPORT

WBS: Condenser REPORT PERIOD: July, 1981
NO.:: 621*}91—]-82‘& L L - 1 - -

($000) BUDGET EARNED  ACTUAL SCHEDULE % COST %

VALUE VARIANCE VARIANCE
CUARENT 68 64.8 96 (3.2)- (5} (31.2) (48)
CUMULATIVE 194 109 167 85) (44 38 (53)
TOTAL. _* ESTLM.'IrAT_E:-“-.‘. D VAH::_NCE_T__"
BUDGET 350 "
. COMPLETE 450 COMPLETE (100)

PROBLEM ANALYSIS

Both cost and achedule.variances are caused by distortions due 1o unrealistic scheduling for -
July, and we're still behind for June's work,

IMPACT

No impact on condenging syslem echedule milestones,

CORRECTIVE ACTION PLAN

Completion of overdue installation will be attempted as soon as possilite.

EAC JUSTIFICATION

New EAC= 350 + 1{H = 450

CONTROL ACCOUNT-MANAGER - - APPROVAL -
B.5. Master Jack Smart
Condenser Supt. 8-4-81 — Cooling System Supt. 8—5-481
TITLE DATE TITLE DATE




VARIANCE ANALYSIS REPORT . ..

WES: Condenser

REPORT PERIOD: July, 1981

NO.: 62-091-1-82-6 .
{$000)™ " BUDGET EARNED™ _ ACTUAL ™~ | SCHEDULE ™ %’ COST "% .
VALUE VARIANCE VARIANCE
CURRENT 68 64.8 96 (3.2) {3) {31.2} (18)
CUMULATIVE -~ 194 ~- 109 167 (85) - (44)- {58} (53) -
YOTAL - i ESTEATE‘__ _ o VAHLATIEE*
BUDGET —350 == ° TS an .
COMPLETE 350 COMPLETE 0
PROBLEM ANALYSIS |
- Waterboxes aren’t on schedule because of problems wilk shop fabricalion of plates——

IMPACT

None,
CORRECTIVE ACTION PLAN

Will work as much overtime as the men can stand in order 10 catch up.
EAC JUSTIFICATION

No cl:mngf. VAC is alfready Yost an it is.
CONTROL ACCOUNT MANAGER APPROVAL

- BS. Marter Jack Smant -
Condenser Supt, 8481 Cooling System Supt 8-5-81
TITLE DATE TITLE DATE




VARIANCE ANALYSIS REPORT

wBS: Condenser REPORT PEAIOD: July, 1981
NO.:. 62-091-1-82-6 . . 1 e

{$000) BUDGET EARNED ACTUAL SCHEDULE % cOsST %

VALUE VARIANCE VARIANCE
CURRENT 1 68 64.8 96 (3.2) {5) (31.2) (48)
CUMULATIVE 194 109 167 . (83) {14} (58) (53)
TDTAL"""' N ESTIMATE'-—' - UAHIANGE _
. AT ~ - AT

BUDGET 350 cOMPLETE .+70 compLETE (170}

PROBLEM ANALYSIS

Unacceptable fabrication tolerances of waterhox components have left no tolerences for instal--
lation, Field fit-up has been extremely difficult and costly, Extensive rework — drilling, grinding, weld-
ing, has consumed manlours and time in waterbox installation

IMPACT

Cost — Variance to date is unrecoserable.

Schedule — Schedule slippage is unrecoverable without special effort. This delay could further
itmpede tube sheet installation and put tubing on the critical path of the condens-
tng s¥yslem install ation.

CORRECTIVE ACTION PLAN

Manufacturer's engineers have been called in and are on sile. Expediting of design information
with the vendor has improved. Additional welders have been assigned. Eﬂnt records are being main-
tained for eventual backcharge to the ccmdl nser manufaclurer.

EAC JUSTIFICATION

New EAC: 350 + 120 = 470

CONTROL ACCOUNT MANAGER _.. APPROVAL __
B3 Master ) Jack Smart
Condenser Supt 8-4-41 _ Coaling Systrm Supt. §-5-81

TITLE DATE TITLE DATE




CASE PROBLEM#

ATTACHMENT 1~
- VARIANCE ANALYSIS REPORT CHECKLIST .- -
EA G
1, Are 8ll the heading blocks complete?
FROBLEM ANALYOISD

2. Have T clearly explained sand quantified the effec£ of any eréﬂfs
on the data slements?

3. Bave I eclearly explained and guantified the effect of any
digtorticn on the data elements?

4. Have- ]l 1dentified and quantified any gignificant labor usage
rate variesnces? Material usage and price variances?

5. Have I given.a clear concise explanation of the resson for the
veriance, including any significant variances which are evl-
dent after the elimination of errors and distortion?

6. Have I avoided simply restating that there is a variance?

TASE/PROJECT TMPACT

7. Have I conslidered the impect on:

. The Iimmediate tacgks;

B. Other work in ithe control acecount:
., Work in other control mcccounts;

D, The project a5 s whole?

8., Have I considered cost, schedule end technicel Iimpact? Long-
and sherti-range?

9, Is my explanation specific? Does It include dates, echedule
estimates and cost estimntes?

10, If there iIs5 ne impaet or no project Impzect,-have. I-elearly -
supporied that view?

RECTIVE TI F

11. Bave I discussed m specific mction or set of actlions which will
correct a problem or minimize the effect of that problem? Have
I included what, who and when?

12. Have I put my ectimates of future performance in the impact

block and avoided substituting optimistic forecasts for
specific corrective getion plans?

-



CASE PROBLEM ¢

CORRECTJION ACTION PLAN RESULTS™

13, Have I included the results of new.correctlon sction plans..-
which have already been completed?._.

14. Bave I included the results of new corrective actlion plans
from prior Varisnce Analysis Reports?

c J FIC ON

15. If I have a significant Cost ¥arlance, have I exramiped my
Estimete at Completion? ---

16, Have I ejther Justified why the Estimate &t Completion should
be changed or erplalined why it should not?

SIGNATURES

17, Are mll of the required. slgnsatures present? -



600 Megawatt Fossil Unit _

PERFORMANCE EFFICIENCY-FACTORS wnwa_ —
AND T
ESTIMATE AT COMPLETION METHODS

CASE PROBLEM #10

PROBLEM STATEMENT:

Control Account (1):

Slcpit Concrete Inc, has beep awarded the coniract for furoishing
and inatalling elevated comecrete decks lor the turbipe buillding,
The “eontract amount 18 $116,0007 After their first full menth

of work, Slopit's job superintendent Inveices $20,000 for .a pro-
gress payment;-~According to quantity~installed reports for that-=-
period, Slopit has {pstalled at a less productive rate, earning
enly $16,000 value for work performed, .

Control Account (2):

Wrapup Insulation Contrectors has & $900,000 contrect lipe item
for ipsulating 8.52 miles (45,000 iinear feet) of 12" F& oll
pipinog.

After three months of work, Wrapup has completed .4 ,500 feet apd
been paid $100,000,

Control Account {3):

Ciifford Registance, electrical epgineer, is responsible for
bhaving our utility's work c¢rews install all yard subsurface
grounding, With %100,000 hudgeted, he hes accomplished 75% of
the work, while charging the Job only $60,000,

Your company has previously prepared the estlpate at complete
shown on the attached work sheet. Now that control acecunt
statug shown sbove has been gathered, it is your jJob to review
and velidate these EAC's.

OBJECTIVE:

1. Calculnste the Cost Performance Index (CPI) end the To Complete
Performapnce Index (TCPI) for each of the sbave Contirel
Accounts. Use these calcuylations &s the basgis for n disacussion
of the probable validity of the EAC.



2.

Case Problem#10

Caleulate the EAC for each control accounti, using the two -
sample EAC prediciicn methods' shownr helaw“‘Use theae predic.'

tinns ta discuss the probable validity-nf the EAC. .-

A. pac = DAC TOTAL BUDGET
cPI COST PERFORMANCE INDEX

{assumes that perforpance will continye et the rate that
haes been experienced in the past)

-

B. T EAC = ACTUAL CGOST-+ {BAC — EARNED VALUE).
ACTUAL COST + REMAINING = BUDGET

{assumeg planned performmnce. for-remaining effort)



The foroulss ale: . .

EARNED . _ .

VALUE "= . WORK ACCOMPLISHED T~ °
CPf =__ = ——

ACTUAL ACTUAL COST

COST

BAC - EARNED VALUE BUDGET FDR REMAINING WORK
TCPI .= _ - 2

EAC - ACTUAL COST ESTIMATE FOR REMAINING WORK



PERFORMANCE EFFICIENCY FACTORS AND ESTIMATE-AT-COMPLETE

11
(Data in § Thousands)

Predicted EAC

Eggnad Value Actual Cost BAC EAC CrI TCPI "ﬁéiiéé'i"ﬁéiﬂéé'ﬁ"
(1) 16 : 20 116 120 8.y [ .0 /</;;‘ /20

(23 90 100 500 1000 ! c - -

(3) 75 60 - 100 90 ]

0T4 weIqord 8s®E)



Case Froblenm ﬁlb
Spluticn

FERFORMANCE EFFICIENCY FACTORS AND ESTIMATE AT COMPLETION

($ Thousands)

Eerned Actusal Predicted EAC
Yelue _Ccst  BAC EAC CPI TCPI f&Y {5}
(1) 1¢& 20 11¢ 120 .8 1.0 125 120
) (2) 90 100 900 1000 .9 .9 1000 910
(3) 75 60 100 90 1.25 .83 80 =5



“MANAGING INDUSTRIAL PROJECTS” (MIPS)

REPORTING AND ANALYSIS

AoV puet T3

.

REPORTING AND ANALYSIS

TREND ANALYSIS

REPORTS

F MORTHLY

’
KEY INDICATOR

REPORTS

CASH FLOW PROCUREMENT STATUS

COMMITMENTS RESERVE APPLICATION

‘;}(ﬂ'}wﬁqu;-

SCHEDULE CHANGES
PERFORMANCE
.{i"'uﬁﬂ;-l-_:-

__ ——

r

MILESTONE REPORT

FLAN ACTUAL  PLAN ACTUAL  ESTIMATE
BESCRIFTION START START COMPLETE LOMPLETE COMPLETE

ELEMEMT

Mopyright 1380
AATHUR ANDERSEN & C©C., HUMPHREYE L ASSOCIATES

AR Righls Resarvad

REPORTING AND ANALYSIS
& REVIEW REPGRTS AVAILABLE TO MANAGEMENT

¥ PROYIDE A REPORT TD RELATE COST
AND SCHEDULE PERFORMAKCE

® PROVIDE TECHNIDUES FOR ANALYZING
PERFORMARLCE

EOMMITMENT REPORT

Tl 1
[- Lol Ll [ L k] Dl £

;

it HTiNE |

|

e
ABC Lha )T AU TN -

TN LY

SCHEOULE

" OMGAMIZATION
CONTAACTOR

PR A NI
ACME PUMPE

© ACTIWVEIT

15 MURCHLS §
DELIVER
PUNFE

Lk




“MANAGING INDUSTRIAL PROJECTS” (MIPS)
REPORTING AND ANALYSIS

Bantieg it T T3

-\ ’
LAGOR HOURS PURCHASE QRDER
AR NCE
S n ACTUAL MOLAY iT HAITIMm sl POOATRAT 4 M EIKCATOE  DSRATI et
tm“.n“ BONTH  TOEATL  FOMICLE  ChHMeLITON
m AT M
. TN Ay AR - - - - -
T P o|== - 21 -
COAVECTION PES ik L 1 o - 3. ATE e ¥ - - - - -
- — "
e

ANYONE CAN DO THE
REPOHATING & ANALYSIS

AS LONG AS
THE OWNER GETS WHAT HE NEEDS

,
PERFORMANCE MEASUREMENT

APPROACH EARNED SCHEOULE

VALUE -~ BUDGET =  VARIANGE

$70,000 - $76,000 =  {§6,000)

. PLANNED — ACTUAL = VARIANCE EAFII:'ED ACTUAL cosT

_ VALUE = COSTS =  VARIANCE

76,000 - 80,000 = (4,000} $70,000 - $20,000 =  ($10.000)




“MANAGING INDUSTRIAL PROJECTS" (MiPS)
REPORTING AND ANALYSIS

Aardece Vi P TH1

”
. r
WHO DOES THE ANALYSIS?
PERFORMANLE REPORT —PROJECT ORGANIZATION
- — -
4 ™)
PERFCAMAMNCE REPORT—WORAK BREAXKDOWN
STALUCTURE
Wit FLERENTE e %:luu-[: T ::L - -.-:-'T‘ m:_l_:m'.:::
R - _-_ - - -“-'p - - -
irmr— o ———— el | Nim | wmm (L] (L] -- nam |
N, U P | - nm - - - L v -
P pruem e | oamm | e - - - - —a -
e i, E—— e - - - - o - -
a0 -4 IS =S R IO S
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CHANGE CONTROL



“MANAGING INDUSTRIAL PROJECTS" (MIPS)

CHANGE CONTROL .

Audice Vinuat 75 751

r_

CHANGE CONTROL

oy

| 5+

_"

CHANGE
CONTROL

I'

. MGapycghl 19400 .
ARTHUR ANDEHRSEN & £, HUMPHREYS & ASSOCIATER
. M Righta Resarrsd i

CHANLE LUNIKUL
QBJECTIVES

o DESCAIBE A CHANGE COXTROL PROGRAM
@ REVIEW TYPICAL CAUSES OF CHANGES

o SUGGEST WAYS TO CONTROL CHANGES

® DISCUSS IMPACT OF CHANGES ON A
PERFORMANCE ORFENTED APPROACH.

ELEMENTS
OF A
CHANGE CONTROL
PROGRAM

S—

-

2. MANAGEMENT PARTICIPATION




“MANAGING INDUSTRIAL PROJECTS” (MIPS)
CHANGE CONTROL

Aot Vriudt TEF

( 1 {a
3. TIMELY & ACCURATE '
REPORTING___

(TYPES OF CHANGES ]

5. EFFECTIVE PLANNING, STRATION CAUN o
NEGOTIATION & ADMINI 1, MAL
OF CONTRACTS ] FOR Zeock
L—.__L-_'H-
]
=
L

—— T
| T ’
™
r DRIGINAL SCOPE S *
' ‘1 2. INFORMA
(CONSTRUCTIVE)
l/}i‘:"? _J

o Y[

R

[N

PEFECTIVE OR INCOMPLETE DRAWINGS AND
BPECIFICATIONE

SOME TYPICAL
CAUSES OF CHANGES




“MANAGING INDUSTRIAL PROJECTS" (MIPS)

CHANGE CONTROL

Audie-inual TR T3 7

(- i
LATE OR DEFECTIVE OWNER-FURNISHED
MATERIALS AND EQUIPMENT

CHANGED OR UNKNOWN
BITE CONDITIONS

Vi ka2

r-r Lol

COLLATERAL WORK — “RIPPLE EFFECT" ]

CHANGES IN REGULATORY
REQLUIREMENTS

INCREASED INSPECTION OR
ACCEPTANCE CRITERIA

AMBIGUOUS CONTRACTS OR
CONTRACT INTERPRETATIONS




“MANAGING INDUSTRIAL PROJECTS” (MIPS) -

CHANGE CONTROL

Audio-Viayal T 131

RESTRICTIONS IN WORK METHOD
-|-'-'A"-l;|

R LY
[ 4

EFFECT OF CHANGES

i WEW BASELIKE

LoOMMETION

CHANGES ORIGINAL
BUDGET

ORIGTMAL
BASELINE

[ o alia e A
DEFINE SCOPE
OF WORK
CLEARLY IN THE
CONTRACT

L

VISIBILITY OBJECTIVES )

s MAINTAIN A BASELINE WHICH
REPRESENTS THE WORK
BEING DONE

‘e« MAINTAIN PERFORMANCE
TRENDS

P R - —d

RUBBER BASELINE
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“MANAGING INDUSTRIAL PROJECTS"” (MIPS)

IMPLEMENTATION

Audse- Wisuml TB-T51

F

PERFORMANCE
ORIENTED APPROACH

|IMPLEMENTATION

M

IMPLEMENTATION PRAOCERS

’

IMPLEMENTATION EFFORT
OWNER IMPLEMENTS DETAIL SYSTEM

* WORK DEFINITION

» RESPONSIBILITY ASSIGRMERT AND CONTROL
ACCOUNT ESTAHLISHMENT

» SCHEGULING, ESTIMATING AND PERFORMANCE
BUDGETING

o MEASURING ACCOMPLISHMENT

o ACCUMULATING ACTUAL DATA

I COMPARING PLANNED AND ACTUAL PERFORMANCE
» REPORTING AND ANALYSIS

» CHANGE CONTROL

h

IMPLEMENTATION
¥ DESCRIBE A TYPICAL PROCESS

o DISCUSS IMPLEMENTATION
CONSIDERATIONS

® DISCUSS IMPLEMENTATION
CHALLENGES AND CONCERNS

—_—

*Copyrighl 1080
ARTHUR AMDERSEN L 0, HUMPHREYS L atsociares
‘_-l.l Rights Aenmrrnd

——

IMPLEMENTATION CONSIDERATIONS

al| il

IMPLEMENTATION EFFORT
HIGH RISK CONTRACTS OR PROJECTS

e CONTROL SYSTEM REQUIREMENTS iN
REQUEST FOR PROPOSAL {RFF}

+ REVIEW OF BIDDERS RESPONSES
o [MPLEMENTATION REVIEW




“MANAGING INDUSTRIAL PROJECTS” (MIPS)
IMPLEMENTATION =

Aud-p-¥isLnl FBTS1

r A CONDUCT OF REVIZEWE

L CONTRACTOR OWHKER y

REVIEW OF AEVIEW CYCLE

OPERATION/ el [ omee




AUTOMATION x
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IIPLENMENTATION CONSIDERATIONS

WNER
OWNER DWNEN
LEVEL OF MIGH | iwpuewents MONITORS
INVOLVEMENT FORCE ACCOLNT BETAIL —¥  PROJELT
OR DETAL .M, SISTIM SUMMARY : DWNEA
4 DETAIL OPERATES OR
: MOKITORS
— N
Low | SUMMARY syste
MONITORIMG THAQUEHOLT
PROJECT
LIFE
OWNER QWNER
CONTRACTOR AEVIEWS COMTRACTOR MONITORS
HIGH | IMPLEMENTS OPERATES
e — g Ll OPERATES L 1 paostcr
ITSTEN ‘;529::3 SYSTEM SUMMARY
& DETATL
1
LOW ;
OWNER WHER
CONTRACTOA CONTRACTON 0
REVIEW
IMPLEMENTS . ok $ OPERATES . m?]mmns
T —
STSTEM SYSTEM SUMMARY




“MANAGING INDUSTRIAL PROJECTS" (MIPS) -

AUTOMATION

. Aadee-Yousl TE-TS !

AUTOMATION
CONSIDERATIONS

REQUIREMENTS INCREASE

DWHER'S
COMPUTER
REQUIAE-
MENTS

OWNER LKYOLVEMENT
WITH OWNER INVOLVEMENT

Fi— A

“

CONTAOL SYSTEMS MUST
BE IN PLACE BEFORE
MODAILIZATION

*apyrighi 19m0

ARTHUR AMDERSEN & CD, HUMPH
a REYS & A&
. AR Righis Mesarved SSOCIATES

’

AUTOMATION CONSIDERATIONS

[ \DENTIFY FUNCTIONS THAT BENEFIT
FROM AUTOMATION

o DEFINE AN OVERALL AUTOMATION SCHEME
of DISCUSS AUTOMATION ALTERRATIVES

¥ PROVIDE APPROACH FOR USE OF
A COMPUTER

AUTOMATION ALTERNATIVES

« SE EXISTING SYSTEMS DF A/E, CONSTRUCTION
MANAGER 'R CONTRACTOR

s DEVELOP CUSTOMIZED DWKER SYSTEM
» UTILIZE SOFTWARE PACKAGES
= COMBINATION OF ABOVE

\

SYSTEM ESTABLISHMENT MAY
REQUIRE SUBSTANTIAL
RESOURCES




GLOSSARY

N




FUNCTIONS WITH AUTOMATION POTENTIAL

PROJECT PLANNING

. WBS
o ESTIMATING
o SCHEDULING
» RESOURCING © | HEPURT'NG RESULTS
(LABOR, EQUIPMENT)[ o PROJECT
DATAl MANAGEMENT
BASES '
o ACCOUNTING
e -

COLLECTING RESULTS /

PAYROLL SYSTEM

e ACCOUNTS PAYABLE SYSTEM
MATERIALS SYSTEM
PURCHASING SYSTEM
GENERAL ACCOUNTING




PROJECT PLANNING

WBS SYSTEM ; _
E <
SET UP
’ Whs P wes
DATA
HASE
"'h.._____..-!"
SCHEDULE
NETWORXS
SCHEDULE SYSTEM
AVAILABLE ESTABLISH _'::::::::
SCHEDULES
RESOURCES —» CCHEDULE
DATA PROJECT ACCOUNTING SYSTEM
BASE
LABOR ESTASLISH
ESTIMATES _ _— ESTIMATES
“-.._.;f_ —»
OTHER casT
ESTIMATES "N
BASE
"-.___'___..-F‘
CHANGES




>

SCHEDULE
DATA
8ASE

—__

COST
DATA
BASE

REPORTING RESULTS

SCHEDULING |

SYSTEM

PROJECT
ACCOUNTING
SYSTEM

o MANAGEMENT STATUS
SUMMARIES

o DETAILS BY RESPONSIBILITIES

o EXCEPTIONS

o SPECIAL ANALYSES



PACKAGE

MSCS

PREMIS

PROJECT 2
PMS IV
PROJACS

PMCS/66

SOFTWARE PACKAGES — SCHEDULE

MINIMUM
VENDOR CORE SIZE
McAUTO 140K
SUN
INFORMATION
SYSTEMS 200k
PROJECT
SOFTWARE
DEVELOPMENT. INC. 200k
IBM 75-100k
IBM 144k

HONEYWELL 104k

LANGUAGE

FORTRAN

BAL

BAL/ICETRAN
BAL

PLT/ASSEMBLER

FORTRAN



PACKAGE

COPES

PICOM

FINPAC

CCES

PCP

PMCS 66
CMAS

PMS IV

PAQJACS

SOFTWARE PACKAGES — COST

i MINIMUM
VENDOR COHE SIZE
MCAUTO 190
SUN
INFORMATION
SYSTEMS 200k
AASCo, 120
CONSTRUCTION
INFORMATION
SYSTEMS 256k
PROJECT SOFTWARE
DEVELOPMENT . INC. 256k
HONEYWELL 104k
1gM 16k
I8M _ T5k-1000k
iIEM 144k

LANGUAGE

BAL COBOL FORTRAN

BAL

COBOL BAL

BAL

BAL ICETRAN

FORTRAN
RPG I

BAL

PL1 ASSEMBLER



. e — —— -

———— .
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GLOSSARY OF TERMS AND ACRONYMS

Aotusl Cost {AC) - Actual cecsts whieh are recorded lor work
performec on an applied cost basis (see 4pplied Direct
Costs) and reported in initernal cost reports shd summarized
izte the Perlformznce Report (PR).

BAC - See Budcet at Completion,

Budget at Completion {(BAC)} - The BAC is equal to the sum of
811 cost account budgets.

Burden - See Indirec: Cost.
LA - See Control Zeccount.
Chart of Aeccounts -~ A formelly mzintained end conirolled

identification of the ¢os5t elements {labor by type, mzterial,
alloecation overhesd, ete. ).

Contract Target Cost {CTC} - The estimated cost negotiated
in & cost-plus- 6T fizet-fee conirsct, or the negotlated
Contraet Target Cost in either a fixed-price-incentive
coniract or p cost-plus-incentive fee contract.

Control fsecount (CA) - An identified level within the WBS

and organization structure ot which costs are collected in
order to compare pranned and actual direct labor, material,
and other direet costs with earned budget Tor manegenmsni
control purposes. It is formed by the interseciion of tihe
organizational structure and the WBS. It is the focal point
of cost/schedule control, wlith a speecific responsible manager.

Control Account Mapager (CAM) - A menager whe Is directly
responsible for Lhe periormance of the CL task.

Cost Elementi - Synonymous with Elements of Ceat. GCost
#lements are types of coots: dlrect labor, directi material
and indirect costs.

Cost Performance Index (CPI) - The value earned for every
messuradble unit of actual eost expended,

Cost Variance iﬁv} - The migetraic difference betreen Earned
Value and Actual fost within a reporting time period (CV =
Earned Value - Actuals).

CTC - See Contrazet Target Cost,

——

GV - See o=y Yaprlance,



Diserate Milestone - A milestone which hes & definite,
scheduled occcurrence in time, signaling the finish ef an
acetivitiy, such as "release drawings," pipe inspeciion complete,
and/or signaling the start of a new mctlvity,

EAC ~ Sea Ezstimate At Completion,

Earned Value {EV) - The sum of the budgets for coupleted
viork packages and compieted portlione of open work packages,
plu=s the aprropristite portion of the bhudgets for level of
effort and apportioned effort. ’

Estimete At Conmpletion (EAC) - The estimated total eost for
the suthorized work.

ETC - See Egstimatie To Completion.

Estimate To Completion (ETC} -~ Estimate of coste to completie
gll worz {rom & point in time to completion,

Functional Organigation - An organization or groun of
orgaenieztions with a common operational grientation, such as
Quality Control, Engineerlng, Purchasing, Accounting.

Indirect Cost - Hesources expended and not directly identified
with any specific W35 product or service,

Internel Repianning - Replanning actions performed for
remaining efforit withln the recognized iotal aliccated
budget and scehedule,

Labtor Rate Varlances - Difference between planned laber
rates pnd actual lebor rates, Labor rate Variasneces are
derived by subiracting from {gctusl hours X plenned rates)
the {ectual hours X =2¢tusl rates ). -

Milestone - An explicitly definable secomplishment in a
prograc gchedule whieh can be jdentified at & precise imstant
in time,.

Objective Indicator - See Discereie Milestone,

0DC - See Other Direct Costis.

Other Direct Costs (ODC} - The remeining direct costs, other
than labor and meierial, which carry sduoinistrative burden.

Overhead - See Indirect fost.
Fercent CQER%EtE Eurned VYalue Technigque - Tasks that do not

have a definitive mezsurzble output for cost and schedule
perforpmance measurerment =ad are consequently controiled by
time-phased budgetis established for thaet purpose. The
enmouni of Percent Cobplete should be kepi to a minimum.



Ferlformance Yeasurenent Bsseline (FHB} - The timg-phacsed
budget plan agalnst which project performence is neasured.
It Is perfarmed by the budgets assigned to scheduled costs
sceounts and the spplicable Indirect budgets. For Tyture
effort, not planned toc the cohirel asceount level, the
Perforpance Measgurement Baseline alap ineludes budgets
asgigned to bigher-level WBS elements. It equals the iotal
#llocated budget less Menagement Reserve,

Performing Qrganization - The crganizational element expepding
regources to accomplish a task.

Price Variance - Difference beiwmeen the planned cost of n
purchase item and its setusl cost. Price variance is
derived by subtraciing from (actual guantity X planned cost)
the {actusl quantity X actual cost).

Eolling Wave Concept - The progressive relinement of detalled
Work definition by continuous subdivision of downstresno
ectivities into nesr-term tasgks.

Schedule Variance (SV) - The difference between Earmed Value
and budget witnin a reporting time period {8V = Earned

Value - budget}. HNot an accurate measure of project gchedule
periformance.

Tack - 4 tezsk has the following chargeteristics:

{1} It represents units of work at levels where
woark is performed.

{2) It is eleasrly distinguished from all cther
tasks,

{3) It iz sssignable to a single crganizationel
element.

(£) ¥t has scheduled start and completiion dates and,
a8 applicable, interim mileatones, rll of which
are representative of physeical mcecomplishment.

{5) Ii has & budget or nssigned value expressed In
terms of. dellars, msn hours or other measurahle
units.

{6) Its duration is sgubdivided Into discrete value
milestones 1o lfacilitate the objective measurement
of work performed.

(7) It is integrated with detailed engineering,
construetion and/or pother schedules.

To Complete Performance Index - The orojected vaiue to be
earned for every measfuraeble unit to be expended in the
Tuture,

Usage Variance {UV) - The UV is the difference betxeen
vlanned quenuity of materials end actuml ouantity used,
expressed in dollars. UV is derived by subtracting from
{planned gquantity X planned unit eost)}, the {aciual guaniity
X planned unit cost).



VAR - Hee Varlience inalvsis Deport.

Varignce Analysis Report (VAR)} - 4 repeort made by the respon-
sible manacger to explain & significant cosi/schedule variance,
ite probable impac¢t on the project, and the corrective
actlons taken to resclve the problem{s}. -

Variance Threshold - The amount of verliance beyond which a
Problem Anzlysis Heport Is reguired. Variance parzhelers
differ, depending on the function, level and stage of the
projectl,

.
"l
UL -

Work Breskdown Siruecture {PBS) - Thne WH3S iz & product-
oriented lamily iree division of hardware, software, services
and other praograz-unigue tasks,
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DESICHN AbDSLx IMPLEMENTATION ASSISTANCE
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[ Gmots Usility Sparks |
Widespread Interest
Nerh Its Videotape
Show Is Rebuttal to Coverage

Oi Fum's Nuclear Plant
By '63 Minutes’ un CBS

By EaMby GraHam
Riaff Feportrt af THL WALl STRELT JOPRwaL
Wien Jllnots Powrer Co. decided 11 pro-
Quce it own version of the 60 Minutes™

coverape of the utility's new huclear power —

plant, he company pever dreamed thou-
Hnds af people wuld be fzscinated by the
outoome,

“This crary thng doem't seem Lo quit,”
mys 3 spokesmnan for Dhnois Power, refer-
ring o the demand for "8 Mioutes: Our Re-
sponse,” i videotape it produced after the -
documentary program lambasted manape H
mee! zad cost contol at Ihe oew Clloton py-
clear power plant. The Decatur, Il -hased .
utility has distrituted more than 60 coples |
oo request the past [ew maonths,

A fook at the letters o the editor in any
brwspaper will show reporters’ and compa-
ples” newy pedgments dobt always fibe
Some compacies moutinely “co-tape” thedr
miecutives' TV interviews. ool Power's
“eounter PIOETRM” poes 3 $iep further.

Whit Decame & “point-toudierpomnt”
between the wtility and Columbia Broadcast-
ing Sysem began at a precavtion whe 1
became cleay to Dlingks Power hat CES
"didn't covne out 19 do a lowe stoty,” the
COmpany Ipokesman  3ays.  The utlicy
charged the & Mbute™ piece, seen tp
about 34 million bomes o Nov. 25 Last year,
was full of ertors and inadequacies, Takng
the “& Migytes” segmment and inlermpersng
1'3 own tape and comment, the unillty put 1o
griber 3 42-minute show, destined at firg

o Form 025 (R, 12 8% Promaed w7 % 4,

W
—aed, J-LQL{

TS,

But word spread, amd soon IlHnois Power
w35 baried in pequests for copies, which It
Eas provided tn anyooe who sent 1o a blaok
Lapwe,

Swck bip compapjes 23 Chevroa US4 2
unit of Standard Ool Co. of Califormia, and
Undan Cartwde Corp. have roples, alang wilh
dozens of gilities, the company saylk. Copied
have been seal 25 [ar as Germany and Aug-
tralle, and Lh turn have besn made avail-
able o othery. “IUs Eke rabblts. It mull-

plies.” says & Dayton Power & Light spokes
man, wht 52y3 its copy of the Ilinois Power
progtam has been shown to 2,500 people
sy erploye and communify proups.

4 - e b —

CLIPPINGS
ARThUR Anpersen & Co.

! CHICAGD Oflice

Wall Streer_Journal Seurce

April 21, 1980 Dats

Jon K. Exdahi Clipped By

of _
Iu.r j;u-: ;n-;h;f-ﬁ,_-ﬂot_ihmdtrs and custanm- The idea i3 intriguing to Commonwealth

Edizon Co., (he Chicagobased utility that -
fenerales mare ouglear power than any
other. Simultaneously tping news coverape
“is somelhing we'd give stroop consdera-
bon to,™ a spokesmman 53ys after seetng 11
IOl Power's taps. The cournler program
“ceriadnly served Dipois Power well, and
it's sornething we'd think aboul "

The "50 Mloutes™ Bews ieam, mean-
while, haso't hat any other compataes 1t in-
Lerviews follow Illinotx Power's exampls, a
Ipokeswormnan zays. She says 60 Minutes"
always has allowed similtanecus audiotap :
Ing of {5 inlerviews, While Hlinces Peooer
was the Arst eofmpany 19 request videotap
ing. the program zllowed L and will om- .
hrue w do a0, the sad. i

—rrr——




PROJECT RESERVES
A KEY TO MAMNAGING COST RISKS

Jobn W Murtay

and

William F Hamgaur,
Anhur Andennen & Co,
Wahington, B T

| INTRODUCTION

Eistorically, cost estimates for specific
long-term projects have incleded a contin-
gency amount to cover - hopefully - the
cost of uncertain risks or “unknowns®,

The amount of the contingsncy varies by
preject depanding op such variables as the
"state of the art”, fironess of projece

design scope, and for other "undocumentad®
CEmakond.,

Wa will describe procedores that have bean
proven to provide a basis to help aid in
the control of cost risks. Cur approach
differy from the historical appreoach by
s¥tablishing project cost TEsErves in the
project cost estimate for specific cost
risks. Project reserves provide the
oppcrtunity for management to focus atten-~
tion and resources on the major risks,

The use of projact reserves should be »
key factor in a project coft control
prorgram.

Project reserves are special proviszions
for uncertaintias affecting the cost gof
the proiect, A variety of reserves ahould
be included in the total planned cost for
& long-term project as contingencies
agkinst inaccurate preliminaty estimatas,
schedyle alippage, technical problems,
potential minor changas in project scope.
apeciflic avents which may or may not
Sccur, etc., and &g an overall hedge
againmt problems not anticipated at the
time when the preliminary project costs
wEIE® aApproved.

The use of the term “"ressrve™ as defined in
thiz project management manse is not the
same ax and ahould not be wguated with that
term as it im often defined and used ip &
financial aceounting apd reporting zense.

In addition, the project ressyve ghould not
be considered am part of original legal
requirasenty of any specifie contract (i-e.,
anticipating formal change orders, informal
changen, delays. suspenaions of work, atc.).

It im {pperative that remerveds ba given
propear vimibility and that their egtablish-
mant, uske, apd rate of consumption be
monitored closely st the proper level in
the project organization. The swctionm
that follow describe procedures Lo create,
utilire, and Bonitor project reserves,
These procedurea are bLeing used by the
project managernent depaytment of a grility

on & project to design and gonsiruct two
largs wlectric gepsrating units.

Terminclogy

Following im & definition of specific
termes which are ysed to describe the
project Ieserve procedures.

=  PManned Cosl

The approved budgeted cost for the
project. Project reserves are
inCludad in the total planned cost.

=  Commatted Cost

The planned cost for project seghmnts
which have bawmn committed to COnRErac-
tors and vendors bazed on awarded
cohtracts and purchass grders.

-~  Forcasied Cout

The current best estimate of costs at
completion. The uze of foreciasted
o8t in the project cost control
reports doea not require tha formal
approval associated with planned

-~ coxitE.

- Condract Boerves

Two types of contract reservas Are
uzed - Specific and Geperal. Specific
COnRtract ressarvek are agtablished for
spacific comt risks for project
apgments or contracts, In sobDe
thare will be multiple specific
referves arsocisated with & contrace,
Ganeral contract reserves are estab-
lish=d for mingor changes which may
occur during the contract.

Caskes

~  Managemen! Reserve

A reserve for the project neot assocli-
ated with specific project segments
oy CONIracts,

MAKOR FRINMCIFLES OF PRO)ECT RESERVES

There afa Eour major principles asscciated
with project resmrves. These principles,
which are described below, are. (1)
Azzrsz Risks, {2} Fataklish Reserves Which
Are ms Spacific as Possible, |1} Devslop
Project Cost Estimates, and (4} Acsign
Specific Ressrve Fesponsibality to
Individuals.



1

Aspems Rinks

The project oust be reviewsd to
Jatermine the risks ssscciated with
wach segment or contract. The lavel
of detall for riak identification
mhould reflect the magnitude of the
fisk and the phase of the project.
On many projects, thic risk sespess-
mant perely formalizes an informal
project procedure, .

A major factor in ssgsessing risk is
determining the degres jn which the
design, manufacture, construction, or
installation of a certain segment of
the project Tepresants an advance in
the gtatz of the art. In ocur axpari-
snce, these risks are typically
understated to & significant degree.
A kecond facter in risk assesgment i
to identify materisla or eguipment
which are in short supply or which
are particularly susceptible to
inflationary pressures. Closely
ralated im the identifigstion of long
lead time materials and squipment
which, by their extend=d procurement
cycles, may represant a high degres
of cost uncertainty. These procurse-
ment uncertainties can often b
minimized through esffective purchazing
policies and practices, imcluding
obtaining quotes and finalizing
centracts for long lead or short
supply items At the garliest practical
Feint in the project. However, a

key to paterisl and egquipnent control
in the garly planning and budgeting
phase of a project im to identify
potentially sensitive items o that
the requirement fof reasrvas CAh be
determined.

The rature of the contracts antici-
pated for exch pegment of A& profiect
must alsc be considersd when evaluating
reserve requirements. From an owner's
standpoint, {or examgle, wny seghents
of the project which may be performed
on a coat-plus-fived-fes (CEFFF] basis
or under & price mubject to escalation
would generally involve grester cost
uncertainty than those gegments
perforoed on a firm price, lump-som
basis, The CPFF snd escalation
contracts, tharsfors, would normally
require larger reserves (o cover the
increased cost uncertainty.

Edablmh Brierrm Which Are A
Spwcific A3 Possible

The more Epecific the reserve can ba
defined, the greater will be manage-
mant's ability to ponitor the use and
evaluate the adeguacy of the raservas

&k the project progresses. For
exap>is, 4 apecific contract remerve
could e established for sxtra backfill
charges to covar the risk that the

fill material shripkage allowance

wculd be -xc-ided in an aarthwerk
contract .,

¥When mpecific reserve rwquirsments
are cogbined with other contingency
amounts, It is far mere difficult te
monitor the rasarva usage as the work
Progresses,

If the reserve im DOt required for
its intended use, it im sutomatically
Iwturned to the ovarall oanagesent
reserva for the project, Conpversely,
if problems davelop, the specific
ramarve would provide the vizipbility
necessary to evaluats the sadditionat
coat reguirements.

A normal procedure ia to identafy
general contract rafervas as well as
apecific resarves, For sxample. most
long—term contractm on & projsct

which overlap engineering and construc-
tien work will incur changes, Thus,

a general contract resarve for change
orders would be established for the
other contract coxt risks that sIe not
provided for in a spacific ressrve,
Exhibit 1 illustrates types of contract
TasETvaAE.

COMTRACT RELERYES

CONTRACT
RECERVEE | {2¥ LEGMENT OR
CEMTRAACTY
GENERAL EFECIFIC
RERIRVE MESERVES
-EETIMATING VARIANCE *
- LARAP SLM ADDS
- WIT PRICE ADDS
- THAE b MAT. ADDS
]
1 .
TFiT
EEEALATION FEM COMTRACT
VARNIANCE e CLAIME

EXHIEIT 1

Tha setabliahment of contract reSsrves
dows not, however, preclude the neesd
for & managemant reserve for the
project. The wanagement resszve 1%
nesded to covar svents which iovari-
ably oceur durlng long-term projects
but which cannot be specifically
anticipated whan projsct CORLE ATE
Approved,. The management Iaislve
should be establiched, howsever, only
after the reserves for specific
segments and contracts have been
defined, avalyated, and! approved.



Derelop Profect Cond Extinaater

It i critical that the major assu=p-
tions uxed to develop the remerve
sstimaten be thoroughly documented
and retained for referance. This
docungntation of the satinating logic
provides managemant with a basis for
review and approval of the antimates,
allcws for subzequent reassssxment of
the astimates as the project pro-
gresswd, and provides a hiatorical
dyts bxse for developing extimates on
dimilar projects in tha future. The
lavel of detail may vary subatantially
by project segment. Estimating of a
reserve requirezent for a etete-of-
art task, for example, pay Le lens
refined than thoae developed for more
conventicnal constryction work. In
any event, the eptimating logic
should be retained for subsSegquant
analysix,

The project reserve procedures oust

be intagrated with the cost astinmmting
function. To be effective. coat
aprimates must be organized the way
that tha work will be gonrtrugted amd
mapaged, In addition, coft estimators
apd preject DAnagement mubt wark
closely together to idantify the

rTiaks sasociated with special project
seg=ents and their respective cost
astimatesx,

It iz easential that the former for
presenting the project cost mgtimate
identify the resepves azacciated with
#ach project sSegmant conptract, A
FUurary cost extimate report is shown
below,

FMMARY OF DEFINITIVE E5TIMATE

(Dadleny in $DO0
- " Py
Can Pt [T} Camry
Contract No, 1 2 150 3§ B 3 120
Contract Wo, 2 3,000 450 3,450
Contract Na. 3 1,500 ] 1,550
I | I I
| | ! !
I | I I
Tote Contracty 123000 100000 420000
Crwmar Charpm 8,000 - 2,000
Totsd 3000 100000 483,000
bobar gttt Fanarvy - & O0O 2000
Totnt £322000 L173D00  £516.000

= — T ——— I —

' Trw Setaik of reserves for epch contract are shown Ln

& B TETE CORt eFTHTHLE reporL
EXHIBIT 2

It is vary important that the manage-
mgnt refgerve be indepecdently analyzed

and approved at pericdic project cost
satipate raviews. The state of
drawings, &ormitments, actusl sxpendi-
tures, and physical constructien
coepletion percentage ars key factors
in this Danpagemant reserve analyels,

[ ]
¢:$p1autak tierve Rapombhilry

Each regerve must be apsigned to an
ipdividual. At the lowest lsvel.
reserves should ba gssigned to
individuals having line respansibility
for a apecilic segBent of SOntract

for the project. EHigher lsvel
reserves should be ascigned to higher
lavels of menagedent.

Fach individual having responEibllity
for & project reyerve ghiuld perform
the follewming functions:

., Raview and approvae the rssaive
mstinstes and their underlying
azsuzptions,

b. Approve the transfer of reserve
amcuate .

c. Monitor the mtatux of the reserves
and their rate of uzage, using
Froject cost control reports to
aid in thia analysis.

a, Particlpate in estimating the
amcunt of additional ressrves
which may be reguired to complete
the total project of & specific
segunent of the project.

In mowt casex, the actual transfer of
reserve Amounta reasulty frcoa the
corpleticn of a prior svent, such as
the awarding of a contract or the
approval of a change crder. An
integral part of the copntrsct or
change control approval process is &
datermination of its iephct on
reservan, including the need o
utilite part of the Danayement TesgIve.
Therefore, responsibility for control
of resprves shoyld reatr with those
wha have line reiponsibility for
project decisiona in the Pegment
invalved. In a1] Areas of & project.
peficdic and independent &nalyses of
Teserve usage should bhe performed to
help angure maximam control and
prudent use of proyect funds, 1n
addition, all tranafers are svaluated
in relation to budget availlabillty
and constrainta.

Assigning spaecific responsihilities
for the control of project reserves
is & prerequinite to the control of
cOat rigks, Affiving specific
responeibility for sach Cessrve
including the mansgenent ressrye and
separately identifying esch ar the
appropriate leval in the project



control zeporte will provide the
wislbility necessary to monitor their
sdequacy and control the rate of use.
An exas=ple of reserves assigned to-
Project perscnnel is mhown in Exhibit

»

RESPOMSIBILITIES FOR CONTROLLING

PROJECT RESERVES
EXECLUTIVE
BLN ASEMINT

B
[ -y
« E PROJECT

= SANAGER

g.

(")

"4

E Pl {:mrs'ﬁ"tfﬂucm

ENGINEER WMANAGER
) EXHIBIT 3

Eeserves and the Contraci LHe Cycle

Exhibit 4 deacribes the project reserve
proceiures over the life of a planned,
copen, and finally completad contract.

COMNTRACT LIFE CYCLE SLUMMARY

Froject Fhase/Cvent MAection

Design o Armign responsibil-

ities.

= Establish teserve
requirements for
contract and man-
AgRmant FEBEIveEs.

a Approve planned cost
for reserves.

¢ Bazsd on more de-
tailed information
updats forscasted
COBLS am aAppro-
priate.

¢ Laaseess: razssrve
ragquirementas and
transfer planned
costzs for reserves
aF aporoved.

Depign Chandges

=~ Dazxign Change g
Jdentifisd

Ravise foracazted

COAL AX RpRYOQPri-
Ate.

~ Dasign Change o
Approved

Faasiess repsyve
reguiremants and
transiaT resarves
aF approved,

Contract Duraticon
(Far sach contract)

= Potential o Revise forecasted
Contrect Ccost as reguired
Change/Claim (It im imterstive
Identifiad that sarly change

recoghition be
strezaed) .

- Change CQrdar/
Claim Approved

Tranafer regerves to
feflect the nego-
tisted price, weing
contract and man-
AgeTEnt FEserves
Ak Approved.

- Periodic o
Feserve Review

AsASTESSE CORLTACE
reServe require-
pents and update
forecasted cost
A8 Appropriate.

@ Transfer rececve
amdunts to ar from
BAnNAGEEnt TElerve
ak arproved.

= Contract © MEE#EZN CORLTACY
Haterismlly “pettlepent” Ccosts
Complete and transfer
roepefvel ALK
approved.
EHAIBIT 4

The present ragarve procederes, alsc, can
be appliad in the project planning phases
that preceds dasign. As would be expactad,
its mpplication in the project planning
phase may be at & higher level because af
the lack of detallmd informatiocn.

Exhibit 4 indicatea the importance of
Teserves In the Cost Ranagemsnt pICCRER.
The reserve tranafer process should be
tightly controlled and based op sctual
events [e.g.,. design changes, contracet
awaTdE}, ns ouch ae potsible. TFregueent
and unnecyskary reallocation of referves
can cloud the cost visibility on a project.

Exhibit 4 almo reflectx the hecessity of
pericdiceally reass=ssing Ieserve reguire-
ments. Geperally, it iz preferable to
establish specific guideliner whan these
reviewe must be made, Exarples of guide-
lines for a contract would be:

- When » contract is 70 percent phyei-
cally complete.



_—n

- If percent ubéga of a contract
gendTal raEerve sxoasdls the physlcal
parcant completa by more than 20
percantags points. .

= At leaxt opoe & yaar,

Lastly, an important elemant of ressrve
contral is that remsrves can anly be uped
for the purposes for which they wers
eptablishad. PRazarves that are Dot used
will bw wliminated from the planned cost
exstimate.

Munapemend Eeporiiog

A comprehensive reporting systes js
neceEEary to the effsctive monitoring of
planned costs and resarves. It can
provide warly warning of potential problems
and identify reserve transferzs and uses.
The reports would aleo be used ko evaluste
the rate at which ressarves are baing
contumed ovar the course of contrects and
the project. .

An sxarpla of 3 pummary project ooEt
statys report for exscutive management im
shown in Exhlbit %.

MONTHLY PROJECT CST SUMUMARY

1D{lar in S000)

Pyttt

bt O
Mavatupt Forscarsed  Eprppemant

Capre Camt Rommyrry

Compted Contracn $10000C f1ooKo B L
Opan Contracty S0 000 (10,000]
Estinetd Contrmcn 10000 130000 | b0}
Totd Contracta 420,000  5O0000  (20,000)
Crwtwr Charpm .00 0500 {50
Toal 4003 SR 12500
ManacwTrt Fussir 4,000 - 3000

Total At Complytion  £518,000  £303 500

$ 7,500

D Planced Com inchudes Commitued Coxy and A mares

EXHIBIT %

In thix raport the forecasted codt ia
compared to the Dlanned cost for each
contract to detarmine the potentlal impact
oo the BADaSgEDANt IeEssCYe.

The Mopnthly Froiect Coat Suspary 1 pre-
sented {n more detail for sagh lower level
cf manaqeansnt. Tor example, the project
Ranager would have a Ilpe item for each
"Bigh Risk" Cpen Coptract. In addition,
tha colunms of the project minager's
report would separate Planned Cost into
the Committed Cost, Genersl Contract
Leserve, and Spegific Contract Rasarve for
each line item,

The need to identify forecasted costs was
highlighted in the Contract Lifs Cycle
Fwrenry {Exhibit 4}. For example, the
conts of potential change orders and
claips are estimated and included in the
forecanted comt for the sppropriste item.

Two additional key reports which mupport
the Monthly Project Cost Summary are.

= Eacly Waming Repart

This report shows the contracts ‘and
reservas which will potentislly

ipnact the manageament reserve by more
than & sslscted amcunt. It allcws
maAhsgetent ko dirsct project resources
to critical areas to resalve problams
and ninimize costs.

The sarly warning report should also
reflect projected balances for reservas
which have potential change ordar apd
claims fdentified.

=  Managemernt Ecierre Ukipe Report

This report shows management ressive
transfars over a selected amount with
a descriptien of the yeasan for each
tranafer. This report sllows
sXecuUtive MARAgemmnt to monitor,
after the fact, tha actions that have
Laen delegated Lo project managemant.

Ferhaps the most important, yet dafficule
dspect of reserve =anagement 15 the napd
to evalyate the rate at which reserves are
being conaumed and to assess tha sdequacy
af the unused ramerve Lo cover the uncom-
pletwed porticone of the projscet. Too
citen, reEarves or Coptingencies are
allowed to be virtually deplated before it
is recognized that additional fanding will
be required to complets tha project. A
Feperve usage graph can assist in addrags-
ing this problem. Exhibit & illustrates a
wimple graphic approach to mansgesent
reporting of researve status.

R AYE STATUS GRAPwW




Exhibit § slicws that the dasign and datail
takecrffe 2re approximetely 401 cotrplete
but over E0% of tha reserve has been uged.
This could mean that the eptimating vari-
anca {(difference betwsen amounts in the
order of magnitude astimate and the esti-
mates resulting from detail takeoffx) will
cause the resazve to be sxceeded, On the
other hand, the areas for wvhich takeoffx
bave been copplated might represent the
mont coDplex segments and thersfore the
suzw VAriance or reserve conlEuxption rate
might not continue. In either cape,
specific evajuation of the reason for
highar-than-planned reaserve conmorption
must be oade,

The reserve gontrol conceptd here offered
#till Tely on the necsssary underpinning
that total planned costs before completion
arm the bast sstimate available of what it
will take to do the job undsr circumstances
as they exjisx.

Lesors Learmed Ia Using Froject Reserves

FEffective implemantation of the project
ragarve procedures reguires good design
and specific estimate docuopeantation. It
alse reguires that the sprimating function
become proiect segment and COntract
criented, am opposed to end-product or
accounting oriented. In many industries
the effective implementation of contract
oriented sgtimates will have & learning
curve associated with i+,

Care Pust be exercised that too many
levels of reserves [e.g., cOntract, dis-
cipline, functional srea) are mor ectabh-
lishad. Although a several level approach
may seer theoretically correct, it lessens
problem visibilicy and can cause & large
nucher of trancferc batween TEFEIVEE with
little maning and a lot of confusion.

In addition, the creation of remsrves at
too detailed a level can provide goodd
information but in reality little control
at a high cost. TFor exasple, creating a
apecific reserve for (1) lu=p-mem, 12) unit-
Price, and {3} cost-plus changes, TeEEpeEc-
tively, on a contract could provide good
information but little contyol from &
recerve standpoint. In thim cass, a
change order plan by contract term and
Teporting Against the plan would be &
better procedure for monitoaring this
project activity than the Froiect I&CRprve
procedura,

FIAMARY AND COMCLLUSHOMNS

The principal cbiective of the rezerve
control procedure is to provide maanagement
with the zarly and continuing vimibilicy
nacenSATyY to #valusate tha total cost
atatup of amach project, This can best be
scconpplished Ly #pPplying each af the majer
contyol taEkzs am follows:

1. Asseas the various projsct risk factors.

. Develep and docunent logical sestimating
asgurptions.

3. Assign specific responsibility for
EREEIVES.

L Ershasize the sarly recognition of
potantial changes snd claimy,

5. Control the wse of ressrves with
specific approvals of transfers.

6. Report reserve changes in the projact
cohtrol mystem.

1. Analyre the rate of ressrve conswrption

in relation to the project status.

Earliest poweible visibllity provides
management with maximuon flexihility in
reacting to potential cost problems. Tha
atenf which can be taken, if potential
problens are recognized sarly, includ: the
following.

) Adjust project scops.

B Defer portions of the project.

). Aequest additional fanding.

4. Concentrate s$nagament Fesources oOn

the eowt sensitive eleoents of the
project.

Froject reserves are not intendsd to be a
vehicle for abeorbing or concealing cost
performance problems at any level in the
project organizaticn. This includes
contractors, subogntractor®, AIChitect/
engineers, cohnktruction MAGAQEIS O OWTer
perzonnel with project responsibilities,
Regerves, deveioped in & logical manner,
are intended to provide protection bgainst
the many uncertAinties associsted with
complex, high-comt projectm spannipg long
periods of time,

The major bahefit from applying the project
raserve procedures ils the Jdiscipline it
forcer 4t various Jevels of project
maragerent, The project sstimate identifies
COntTACt TANEIVEZ and panagement IESBIVEE,
These, in twn, are approved as part of

the managemant approval process. Transfar
heptwesn Te&ABIVEES reguirss management
appreoval and post approval reporting to

the next higher level of management. This
vigihility enables project and executive
ranagament to he informed. An informed
marnagement im far less subject to gost
proble® surprises!
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MAMAGING I NDUSTRIAL

PROYECTS

A PERIORWANCE ORIENTEDR APPRDACH

FACULTY REPRESENTATIVES

1R. ROBERT GILBREATH

HUNMPREYS £ ASSOCIATES

1300 QUAIL STREE| SUITE 203
REVPORT BEACH, CA. 92660

PHONE {BUSINESS) (F714) 955-2981
PHONE {(HOME} (4oh) hL8-4062

KR. STEPHEN L. COSBORN

HUKPHREYS & ASSOCIATES

1300 QUAIL STREET SUITE 20%
HEWPORT BEACH, CA. 92640

{FHOME BUSINFESS) (714) 955-2981
PRONE (HOME) {202) 965-4255

MR. JOHN D. SKITH

ARTHUR AMDERSEN & CO.

33 W. HONROE ST.

CHICAGO, ILL., 60603

PHONE (BUSINESS) (312) 580-0033

*

ING. JORGE SOLDEVILA R.
ARTHUR ANDERSEN & CO.
REFORMA F7B ler pisO .
MEXICD, D, F.

TEL. (OFMA.) 566 36B8
TEL. {CASA ) 570 1993

OCTOBER 23 - 725, 1980
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SHIEC

HAHAG IRG IHDUSTRI AL PROYELCTS
A PERFORMANCE OCRIERTED APPROACH

PARTICIPANTS

ING. ERNESTO J. HONTAND CORRIPID
PEMEX

COCRDINACION PROGRAMAS DE VIVIENDA
AYUDAHNTE TECHICO

HARINA NACIQNAL Nep. 3293 ler PISQ EDIF.

COt.. ANZURES
MEXICO, 0. F,
TEL. 254% 2633 2507058

tNG. FERNAHDD SERRAHD

CI'E o

CONCURSON ¥ CONTRATOS

CUAUTERFC No. 9

COL., VERGEL DEL SUR

TEL. 594 283 511 3934 514 1711

ING. ALBERTO CRUZ MERCADD
ARARGUREN ¥ CIA.

JETE COMPRAS |HGERTERTA
PARAISD No. 1936

COL. DEL FRESNQ-
GUADALAJARA, JaL, MEXICO
12 1416 12 1206 EXT 19

ING. CESAR CONCHA BORGES
BUFETE IHBUSTRIAL
SUB-DIRECTOR

TOLSTOl MNo. 22 - 8® PlISO
MEXICO 5, D. F.

525 LD76

ING. JOSE FRAMNCISCO MENDEZ
IHNBUSTRIAL

SUPERINTENDENRTE

5 DE MAYD SUR No, 72
ZITACUARO, MICHCACAN

TEL. ¥ i=£i 1318 31

ING. CARLOS |. CORTES
ICA INBUSTRIAL

RET. 35 LIC. CECILIO ROBELO 63
JERDIN BALEUEMA ’
MEXICO 9, D. F.

571 h9gs

B-1

DCTOBER 23 ~ 25, 1980
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HARAG THG [HOUSTRI AL

A  PERFORMANMCE ORIENTED

PARTICIPANTS

ING. CARLOS URIEGAS TORRES
FEMEX

GER. IHFORMATICA

CHICHEN 1TZA 301

MEXICO 13, D. F.

TEL.OFNA. S31 63 25

IKF. RAFAEL COROHA SOLIS

RUIZ URQUIZA & [O.A.A.

CORSULTOR

REFORMA 76 Ter Piso

TFEL 566 36 B8

DOM. PARTICULAR £MILIAND ZAPATA MNo. 53
£OL. SAM LUIS TLATILCO
NAUCALPAN
TEL. 566 3688

LUIS ERRIQUE URBINA
FHMASA

AMNALTSTA

GLADIOLAS 236

FRAC. LA FLORIDA .
NALCALPAKN, ERO, DE HEXICD
562 12 68

ING, ROBERTO GARRIDO TOLEDOD

INFONAYIT

SUB JEFE PROG. Y CONY.

MONTE ATHODS 515 A

HEXiCD 10, 0. F.

TEL. 52D 9969

DOM. OFMA. BARRANCA DEL MUERTO 280
MEXI1CO 20, D. F,
TFL, 534 3199

ING. ESTEBAN PEMSAD) GRANIEL
COHTABURIA MAYOR DE HAC IENDA
JEFE DE DPTD.

LOPEZ COTILLA 181D

COL. VALLE

TEL. 524 9078

PROYECTS
AFFROACH

OCTOBER 23 - 25, 158D



SHIEC
HAHAGING INDUSTRIAL PROYECTS
A  PERFORMANCE ORIERTED APPROACH

OCTOBER 23 - 25, 1380

PART ICIPANTS :

-

ARQ. ELENA TRABADO CASTREJON
CHIC '

ASIST, TECNICD

COLiKA 254

COL. ROMA

MEXICO 7, O. F.

533 0060

1HG. LUIS MDRALES FLORES
DECF§

COORD, DE CURSO I,

T TACUBA No. §

KEXICO ¥, D. F,

21 LO2D FST. 118

C.P. CARLOS A. COLIN 5.

HOTEL PRINCESS

CONTRALOR 4

ACAPULCO, GUERRERO, MEXICO _ -
431 00

ING, ARMANDO. MORAN ROLDAN

PEMEX - ~

AHALISTA GERENCIA PLANEACION EXPLOTAC!ON
CRISANTEMA Ho. 79 (DOM. PARTICULAR)
MEXICD 23, D.F.

TEL. 545 30 59

IBSEN 43 2o PISD (DOM. DFNA)

TEL, 254 0% 69

ING. JUAN MANUEL ESCAMILLA
. ICA INDBUSTRIAL

JEFE DPTQ, TECNICO
ROCHESTER 14 - bo PISO

543 7019 536 0184

ING, JOSE PELLON DORIA

SUPERINTENDERTE GRAL.

'CA IHDUSTRIAL

ROCHESTER 14 - kLo PISC
543 7819 536 0184



SHIEC

HANAG ING INDUSTRIAL FROYECTS
A PERFORMANCE OQRIENTED APPROACH

OCTOBER 23 - 25, 1980

PART[C I PANTS ’ .

HR. PEKKA E. PYY .
CASA 115 23 AVENIDA A
COLONIA MATAMOROS
TEGUCIGALPA D.C.

* HOMDURAS, C.A,

TEL, 321661

ING. ARMANDO ALVARES DE LA CADENA V.
HI1CARE
GERENTE EVAL.
ROMAN CHLPEDA NORTE
PIEORAS NEGRAS, COAHUILA, MEXICO
TEL. 23242, 23243, 21325
CASA.- PINOQ SUAREZ 100
PIEDRAS NEGRAS, COAHUILA, MEXICO

ARQ. OSCAR RENE VELASCO COLIN

PEMEX

PLANIFICADDR

LUSITANIA SO -
LOMAS ESTRELLA

MEXICO ¥3, O, F.

TEL, 581 83 43

LIC. JAVIER LAYIN HIGUERA
VEKTOR, $. A,

GTE. FIN. :

JOSE LUIS LAGRAMGE 103 - 10 PISD
MEXICO 20, D, F.

TEL. 335 07 21

ARD. CUAUHTEMOC VALDEZ BEJARAND

PEMEX :

AYUDANTE TECNICO

COORDINACION DE PROGRAMAS DE VIVIENDA

EDIF. B-2 Jer PISO

MARINA NACIDNAL 329

COL. AMBHUAC

MEXICO, D, F.
TEL. 25b 2633



SMIEL

MANAGING . JHDUSTRIAL PROYECTS
A PERFORMANCE ORIENTED APPROACH

OCTOBER 23 - 25, 1980.

PARTICIPANTS ‘ ' -

ING, ERIC HOREHD MEJIA
CAMISION FEDERAL DE ELECTRICIDAD
IHYESTIGADGR '
MELCHOR OCAMPD %36 - 5° PISO
COL., CUAUHTEMOC
MEXICO 5, D. F.
TEL. 286 12 61 286 12 1t
DOMICILID: CHIAPAS 202
£0L. ROMA
MEXICO 7, O_ F,
B4 8265



