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Introduction:

This documert describeshow the contingercy for agiven WBS elemert isto be calculated If a
ProjectManager or Subsystem Manager hasa rea®n why these faciors are not appropriate, this
must be documertedin the Cost Book.

Risk is afunction of the following factors: The sophistication of the tectnology, the maturity of
the dedgn effort, the accuracy of the cost sourcesand the impact of delaysin the schedule. Risk
analysis shall be performedfor eachWBS elemert atthe lowed level edimated Reallts of this
aralysiswill be relatedto a contingency which shall be listedfor each WBS elemert. Thegoalis
to make the method of contingency determination uniform amangst all project WBS elemerts.

Definitions
Base Cost Estimate D The edimated cost of doing things correctly thefirst time; UNLESS
from pag experienceyou are fairly certain thatit will take moretime. In other words,
contingercy is NOT to be includedin the base cost.
Cost Contingency D The amount of money, above and beyond the base cost, thatis
requiredto ensure the projects succes. Thismoneyis usedonly for omissions ard
unexpecteddiffi cultiesthat may arise. Contingency funds areheld by the Prgect Director.

Risk Factors

Technical Risk DLook only atthe techical contert or techmology recuiredto complete
the elemert. Technicalrisk hasto do with how common the techology isthatsrequiredto
accanplish the task or fabricate the component. If the technology is so common that the
elemern canbe bought "off-the-shelf", i.e., there areseveral vendors that stock ard sell the
item,it hasvery low techical risk, therefore arisk factor of 1 isappropriate. On the
opposite end of the scale areelemerts that extend the current "state-of-the-art' in this
techology. These are elementsthat carry technical risk factors of 10 or 15. Betweenthese
are:making modifi caionsto existing desggns (risk factor 2-3), creaing a new desgn which
doesnot require state-of-the-art technology (risk facor 4 & 6), and creatng adesgn which
requiresR&D, and advancesthe state-of-the-art slightly (risk factor 8 & 10).

Cost Risk DLook only atthe data availabe atthe time you egallish anegimat of the
cost. It may help to subdivide cost risk into 4 categories.

The first category is for elemerts for which you have a recert pricequote from a
vendor or arecert catlog price.If the price of the complete elemert, or the sum of its
parts, canbe found in a catalog, the appropriate risk facor to be appliedis 1. If you
have an engineering drawing or specifi cation for the elemert, and areliade verdor has
recerily quoted a price based on thes, the cost risk factor to be appliedis 2. Similarly,
if averdor hasquoteda price basedon a sketch that represerts the elemert, ard the
elemert's desgn will not change prior to its fakricaion, the appropriate cost risk factor
would be 3.

The second category isfor elemerts for which you or your institution hassomerelevart
experience. If the element is similarto someting you've done previously, and you
know the cost of this similar experierce, the cost risk factor is4. If the elemert is
something in which you have not had recert experience, but is something which your
institution is capable of doing, the cost risk is6. If the elemert is not necesarily



similar to something you have done before, and is not similarto your institutions' in-
house capahlities but is something that your institution feels comfortalde edimaing,
the risk factor is 8.

The third category isfor elemerts for which you have informaion that, whenscaled,
cangiveinsight into the cost of anelemert or seriesof elemeris. The cost risk factor
for this category is 10.

The fourth category isfor elemerts for which you have made a more or less educated
guess, using your judgmert asanenginee or physicist. If you have had experierce of a
similar nature, but not necessarily desgning, fabricating or installing another device,
ard feel comfortalde edimating the labor type and quartity necesary to perform this
function, a cost risk factor of 15 would be appropriate.

If you do not have suitabe background or experienceto edimate anitem, don't edimat it
yourself, ak someme with more appropriate experience to egimate it for you. If you do it
yourself anyway, you cansee how in some casesthe appropriate contingency could be
thousands of per cert ard all the guidelinesin the world for egaldishing contingency
wouldn't do any good!

Schedule Risk DIf adelay in the completion of the elemert could leadto adelayin a
critical path or nea critical path componert, the schedulerisk is 8. If adelayin the
completion of the elemert could cawse a schedule slip in a subsystemwhichis not on the
critical path, the schedulerisk is4. Only elemerts where a delay in their completion would
not affect the completion of any other item have schedulerisks of 2.

Design Risk P Directly related to the maturity of the design effort. Whenthe elemert
dedgnisnearly complete, quartity counts ard parts lists finished, the risk associated with
desgn matrity isfor all interts and purposesnil; therdfore arisk factor of 0 isapplied
Thisisalso the case whenthe elemert is an"off-the-shelf" itemand the parts counts and
guartitiesarefinalized Whenthe elemert is still just anideaor concept, with crude
sketchesthe only justifi cation for the cost esimate, the risk associated with desgn stateis
high or 15. Betweenthese two extremesarethe stagesof concepual design and
preliminary desgn. In conceptual desgn, whenlayout drawings of the ertire elemert are
approachng completion, some preliminary scoping analyseshave beencompleted ard
parts counts are preliminary, the desgn risk factor is8. During preliminary desgn, when
thereare complete layout drawings, some defails worked out, complete parts counts, ard
somearalysis for sizing and showing dedgn feagbility, the appropriate dedgn risk is 4.

Weighting Factors

The weight appliedto the risk factbrs depends on whether there are multiple or singlerisks
involvedin completing anelemert.

The weights appliedto technical risk depend upon whether the elemert requiresyou to
push the current state-of-the-artin desgn, marufacturing, or both. Obviously, if the
elemert requiresyou to push both, the weight to be appliedis high, or 4; if eitherthe dedgn
or manufacturing arecommaonplace, the weighting factor is 2.

For weights appliedto cost risk, the two facbors arematerial costs and labor costs. If
either of these are in doubt, but not both, the weight to be appliedto cost risk is 1. If they
areboth in doubt, the weight appliedis 2.

The weight factor givento schedule risk is always 1.
The weight facbor givento design risk isalways 1 and so is not shown explicitly.



Procedure

The following is the procedure for egimatng contingency. If you areusing the Mi crosoft
Prgectto enterthe edimate, these risk and weighting factors canbe input directy, ard
Microsoft Prgectwill perform the calculations for Steps 3-5 auomaitcally. If thetask is
complete, the contingency should be equal to zera

Step 1 — Compare the conceptual state of the element with Table 1 to determine risk
factors. A techicalrisk factor is assignedbasedon the technology level of the desgn.
A desgn risk factor is assignedbased upon the currert state (maturity) of the desgn. A
cost risk factor is assigned based on the edimatng methodol ogy usedto arrive ata cost
edimat for thatelement. Similarly, a schedule risk factor isidentifiedbasedon that
elemert's criticality to the overall schedule.

Step 2 — Compare the potertial risk within anelemert with Table 2 to determine the
appropriate weighting factors.

Step 3 — Multiply theindividual risk factors by the appropriate weighting factors ard
thensum them to determine the composite contingency percentage.

Step 4 — Do thisfor each elemert atits loweg level.

Step 5 — Calculate the dollaramount of contingency for anelement by multiplying the
base cost by the composite contingency percertage.



TABLE 1

TECHNICAL, COST, SCHEDULE and DESIGN RISK FACTORS

Risk
Factor Technical Cost Schedule Design
0 Not used Not used Not used Detail design
> 50% done

1 Existing design and Off-the-shelf or catalog  Not used Not used
off-the-shelf H/W item

2 Minor modifications to Vendor quote from No schedule Not used
an existing design established drawings impact on any

other item

3 Extensive Vendor quote with some Not used Not used
modifications to an design sketches
existing design

4 New design; In-house estimate Delays completion Preliminary design
nothing exotic based on previous of non-critical >50% done; some

similar experience subsystem item analysis done

6 New design; different  In-house estimate for Not used Not used
from established item with minimal
designs or existing experience but related
technology to existing capabilities

8 New design; requires  In-house estimate for Delays completion Conceptual design
some R&D but does item with minimal of critical path phase; some
not advance the experience and minimal subsystem item drawings; many
state-of-the-art in-house capability sketches

10 New design of new Top-down estimate from Not used Not used
technology; advances analogous programs
state-of-the-art

15 New design; well Engineering judgment Not used Concept only

beyond current
state-of-the-art



TABLE 2
TECHNICAL, COST, SCHEDULE and DESIGN WEIGHTING

FACTORS

Risk Factor Condition Weighting Factor
Technical Design OR Manufacturing 2
Design AND Manufacturing 4
Cost Material Cost OR Labor Rate 1
Material Cost AND Labor Rate 2
Schedule Same for all 1
Design Same for all 1



