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ninety percent.

These equations are derived through the use of statistical
regression of the past eight years' Military Construction
project's actual cost regressed on the project's authorized cost.
A total of 1065 projects are compared and the resulting equations
are assembled by Engineering Field Division (EFD) and by fiscal
year.

In addition to the regression equations, an average project
cost variation and a weighted cost variation is provided for each
EFD. These variations can be used by the EFD's as trend indica-
tors and measures of the overall effectiveness of the EFD's cost
estimating practices.

-~
A

vy
s

.

Lo

25

m R

Form 1473
S/J 01%2-014-6601 SECUMTY CLASNMICATION OF Twig PAaQE Then Dore Baterea:

R SR

» kel ek -

P,




Approved for public rca2lease: distcibution galimited

A Statistical Evaluation 5f Military Cons<truction Projec+
Cost Estimates

by

Lt M

William J. Paiae
Lieutenant, United 3tates Navy
B.B.C., University of Plorida, 1975

Submitted in partial fulfillment of the
requiremaents for the 12gree of

MASTER OF SCLENCE IN MANAGEMENT
from <he j
NAVAL POSTGRADUATE STHOOL f%
Jane 1982
1

Aut hor:

Thesis Advisor

Sacond Reader

Dean >f Inforsation and Prlicy Sciences

A e

T R R AN we Wad n e F G




ABSTRACT

The provision of accurate total construction cost es<ti-
mates to the Congress is a1 continuiag problea for +the Naval
Facilities Engineering Command. It is +the purpose of this
thesis to provide a serias of equations which will reduce
the variance of the actual 43%al cost from the =2stimated
total cost, When thes2 2quations are applied sver %the long
run to all Military Construction projects, this variance
could be reduced by approximately ainsty percent.

These equations are 3arived through +he use of statis-
tical regression of the past 2ight years Military
Cconstruction project's actual c¢ost regrassed on +he
project's authorizad cost. A total of 1065 projects are
compared and the resulting equatisns are assembled by
Engineering Fiald Division (BFD) and by fiscal year.

In addition to the ragression 2quations, an average
project cost variatiorn 1nd a weighted «cost variation is
provided for each EPD. Th2se variations can be used by the
EPD's as +trend indicators and 1measures of the overall
effactiveness of *he ZPD's cost e¢stizating practices.
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I. BACKGROUND

The problea of making accurate construc+ion cost

estimates goes back to antiquity. There have been many cos* b
estimating methods aad concepts 4developed over *he years. i
Most of these were used until <they were supercaded by a *
met hod or combination of aethods which led to aore accurat*e
estimates of the actual cost of a project. There is still
no one cost 2stimating method or combination of aethods that
will produce 100 percent accuracy 10) percent of the tinme. 4

This problem, which coatinues to plague the construction
indus*ry, is due to th2 industry's inability t5> project the
total impact of all of +h2 factors combined on construction
costs at some point in the future, These factors iaclude
such variables as infla+iosn, inconsistent but acceptable

estimating practices, varying 1local condititionms, il.2.,
labor rates and the cost of matarials, =as well as +he
changing political amake up of the CZongress in the case of
military construction.

The purpose of this thesis is +to provids adjus“ment:
factors to assist in the2 preparation of amore accurate
estimates of the actual ¢3tal costs >f %ilitary Construction
(MILCON) projects prior <to their authorization by tho
congress. A review of the past eight yaars' actual costs of
all closed-out Navy HNILCON projects, including Bethesda
Nat ional Naval Medical Center and Trideat Wes:, will be used
to derive <the indiviiual adjustmen* factors for each
Engineering Pield Division (EFD) and one for Naval
Pacilities BEngineering Command (NAVPAC) as a whola. A
met hod for updating these factors will also be provided.




Chaptes I «will 3iscuss both ths czoblams associa<zd wish

accurate construction cost estimatiny and +he approach %o a

solution as proposed by this thesis. Chapter II will be a
discussion of the major influences thit have an =offect on
MILCON cost estimates. These inclade a discussion of the

Congressional role in the MILCON funding procass =zad YAVPAC
and the BEPD and their roles in the MILCON cost estiaating
pracess. Chapter III will be a datailed discussion of <=he
analysis of the data. Discassed are +the data and their
sources, the methodology used to obtain the factors, and the
results of the data manipulation including a summary listing
of the findings. Chaptar IV will 31iscuss +hz conclusiorns
anl recommendations reachad as a rasult of the research.
Appendix A will be a d2tajiled 1listing of the £indings
segregated by EPD. Appendix B will be a detailed listing of
addi+iornal information obtained duriay the research. This
information will be useful in a comparison of *he EFD's
MILCON project progranms. Appendix C will be a condensed
table 1listing specific student's <t distribuction values
available to be used in future calcula*ions by :the EPD's and
NAV ZAC.
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II. NAJOR ASPECIS OF ITHE MILITARY CONSTRUCTION BROCZ3S

There are several major aspects 2and perspectives of the

MILCON process <that rejuire spvecial attention. These
include the =roles of tha Congress, the Naval Pacilities
Erngineering Coamand (NAVPFAQ, the Engineering Pield

pivisions (BPD's), and the Pacilities Acquisitcion anid
Construction Support OQffica (FACSO).

A. THE COYGRESS

In the Coungress, tha Military Construction (MILCON)
Project funding process gos *hrough four phases as depicted
in Pigure 2.1. These phises arae prssented in detail in
Tables I *hrough IV, ;
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10 November
31 Deceaber

1Sth dag aftar
congres

15 #March

1 April

10 april
15 April

General Chronology of Congressional Budget
Action

TABLE I

Phase I

President submits curr2nt s2rvicas budge:

Join+ Eioncnic Comaittee submits econoaic
evaluation to budget sommittees

Presiiz2n* submits his budget

convenes

;ees sabmit

Comaittees gasqdoint c;ggég

reports to et coanmil

:ongr ssional Budget Jffice submits rsport
to Dudge* cozalittées

President submits buigat amendments

Bud it committees,regort first coancurrent
rasdlution t5 their houses

1"




TABLE II

Phase II
15 Nay Coamittees :egort.legislation authorizing
nev budget aathority
TABLE III
Phase III
15 July Ptegident submits additional budge« amend-
ments
No Deadline gpfioptiations commit*2es prepare spending
ills
No Deadline Budget conmit tees prepare second concur-
rtenf resolution
7%h da coggress coaplete ction on budgat authoris
aftect 184 )entitlombne bills s
Labor Day
FABLE IV
P hase IV

15 September (Congress adopts second concurrent resolution

No Deadline Coamittees raport recoaciliation bill or
resolution

eptember ongress,coap.etes actiogn, brings congressional
25 sep L AT T 3 o T S €7 Pt gressi

Table I depicts the information gathering and
analysis phase in detail. Table 1II describes the *inme
period during which the authorizing legislation and the




TABLE V

Subcoaaittees of the Acmed Services Comnitta2es, 95th
Jongress

House Senate

I‘E‘III§§'E§‘EEH‘HIII*IEY“"""“"IHEﬁIII?EEES
Applications of Nuclear

Energy 1111ta;§ Construction
tockpiles
Research and Developeasent S2neral Procurement
Seapower and Strategic and Arms Contc-ol

ritical Materials
Investigations Tactical Aicccaf+

nll% iiignstallatlons and R2search and Developaent

Bilitary Personnel 52neral Legislation
Military Compensation Yanpower and Dersonnel

first concurrent resolutisa are passed. Table III is the
time table for *he Congressional actiens on tha authorizing
and spending legislation. Table IV shows the final phase of
the Congressional appropriations lejyisla*ion actiomn during
wvhich the second concurrent resolutisn and recoacilation are
passed into law.

As shown in Table v, the MILCON Appropriations are
handled i3 *he House of Representatives by the MNilitary
Ins+tallations and Pacilities subcoamit<ee and by <+he
Nilitary Construction and Stockpilas subcommittee ia *he
Senate,

These subcoamittees c2viev each subaitted MILCON project
separately. Due to the excellent —reputation of these
subcommittees with the rest of the Congress, theiz
recomaendations are seliom questioned. During Phase II each
service head is called on to defend his program submission
in detail. It is at this time that the need for accura<e




cos*t estimates 1is imperative. If +*he subcommittce is
confident that every effort has besn made 45 develope an
accurate estimate they ars auch aore inclined to fund the
associa*ted project. ([Ref. 1: p. 1-13]

B. NAVAL PACILITIES ENGINEERING COMMAND

Naval Pacilities Engineerinpng Coamard is a sub-major
claimant of the Naval Matarial Coamand whose responsibili-
ties include the construction, zaintenance, and repair of
all Naval shore facilicias, Thase facilities iaclide all
Navy-owned real estate and na+ural resources as well as all
Naval shore installationms.

C. ENGINEERING FIELD DIVISIONS

The first echelon below headquarters in the NAVFAC chain
of command is <%he Engine2ring Field Divisioa (EFD) level.
There are six BEPD's located in varisus locations to provide
contractural jurisdiction over specific geographic regions
as shown in Pigure 2.2.

In <*he construction phase of operations, NAVFAC is
responsible for the completion »of aach zoons*ruction
contract in accordance with all plans and spscifica+tions.
Thase contracts are adasinistered by Resident Jfficers i:n
Charge of Construction (ROICC'’s). A ROICC reports directly
to the BPD in all contract matters. Ae is also norsmally
assigned 2o the installation as thea Public Works Officer
and, as such, reports directly <to the installation
Comsanding Officer. ([Ref. 2]

NAVPAC and the EFD's are responsible for furnishing the
technical expertise in tha determination of the need for new
construction through the Shore Pacilities Planniag and
Programming Systea (SFPS), for ensuring activity complianca

W




WESTERN DWISION

NORTHERN DIVISION

CHESAPEAKE DIVISION
WASHINGTON 0. C.

SAN FRANCISCO PHILADELPHIA

<, ATLANTIC CNViSION
RORTOLK /

SOUTMERN OIVISION
CHARLESTUN

PACIFIC DIVISION
*

HONOLULY \(

Pigure 2.2 United States Showing Locations of Engineerin
I Pieid Divisions J 3 g

with instructions and <criteria, and adequacy of cost
estimates, as vell as forwarding tachnical review coaaents
to the appropriate level >f +the operational chain of coamand
vhere decisions are made on funding and programming
priorities. (Ref. 3:p. 245

NAVFAC and the BPD's arae also respoansible for publishing
planning guidelines and iastructions to implement the SFPS,
and providing engineering assisvance vwhere needed (Ref. #].

D. MAJOR CLAIMANT

The activity major claimant is responsible for defining
the activity's aission aad projectad base manning levels.
Subsequent to developement of SPPS documsents, +the aajor




claimant raviews and valilates <=he Jjocuments. The najor
claimant coordinates its subordinate commanis' amili*ary
construction prograas.
The activity is responsible for initiating planning
actions and documents and for obtaipning assistance where
needed. Projects for correction of facility deficiencies
are npormally initiated at the activity level. .

E. PACILITIES ACQUISITION AND CONSTRUCTION OFFICE !

The Pacilities Acquisition an3 Construction Support :
Office (PACSO) 1is the accountant for NAVFAC. PACSO uses a
fully automated systes to maintain accurate accounts of all
construction 2and acquisition contracts adainistered bHy
NAV PAC. In addition to w@making all consiruction contrac:
payaents, PACSO also issuas periosdic management ra2po-+s in
support of the BEPFD's. f;

e A

P. COST ESTIMATES

At present, cost 2stimates are prepared by various

met hods. Aaong them are the use of a2ngineering performance
standards, <he use of the Shore Pacilities ?lanning and
Programaing Yanual , as well as the use of established esti-
mating practices and the general experience 0of the esti-
Bator. Even with these establishad and accepted estima*ing
practices, *there is still 2 need to 244 an additional factor
to adjust the estimate to take into account :h2 variabilisy
of the EPD's estisating practices,

Estisates for comstruction projects aust include the
approximate cost of every itea that enters into <*the work.
Unit costs are based upon the cost of material ia finished
condition, These include material and 1labor costs as vell
as the contractor's indirect charges, and overhead costs.

16
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dan 3rial requirsments ar=s d=zvelopsl IZoa  qUEALTiIf S54IV=g3,
and material prices are obtained from past records tha+ are
adjusted to the current dite or from suppliers' and manufac-
turers' quotations azd catalogs. Bstimated labor costs are
obt ained from historical 11ta as recorded by the Pacilities
Acguisition and <Construction Support Jffice (PACS)), fron 4
recognized estimating pudblications, 2and are adjusted for 1
current labor rates in tha local area. The local ainimum
governaent construction cdoatract labor rates are set by the
Department of Labor in acsordance with the Davis-Bacon Act.
It is usually recessacy £5r this adjus<ament also %95 reflect
other local conditions ani proposed aethods oFf zonstruc+ion.
The @saterial and labor =c-harges should also reflect any
unusual risks that =aight be encountared because c¢f working
conditions or scarcity of material ani/or labor.
Furthermore, if these unusual risks warran+ their iaclusion

as a special item in the astimate, they should be priced oa ‘
a material ard labor basis, if possible; o*therwise, a luamp '
suas charge is standard practice.
The estimated indirect: charges >f the contractor include
all itesms normally recognized by generally accepted
accounting practices as ovarhead. This “o%tal charge varies
vith the *ype and extent of the construction and the loca-
tion of the project. Tha contractor's estimated profit is
set at a asaximua of six parcent of the estimated construc-
tion costs including indicrsct and overhead costs [Ref. S:p.
2-3). The factors which are used to calculate the estimated
contractor?!s profit vary from the azount of coapetitior and
the size of the project t3 the contractor's need for work to
stay in business. (Ref. 5: p. 2-2)

17




G. TIME ELEMENTS

The normal MILCON project is of sufficient coamplexity
and magnitude that the time required for the designer %o
prepare the <thirty five percen% dasign documeatation often
exeeds a y=aar. This documentation comprises thirty five
percert of *he total design effort and includes preliminary
cost estimates, outline specifications, preliainary draw-
ings, and supporting da<a. The thirty five psrcent design
documents are necessary ian order %3 isztermine an approximate
estimate of the cost and scope of thz project. This project
coaplexity and aagnituds 1aakes the agse of civilian commer-
cial expertise alamost maniatory as most activity and 2ZPD
engineering departments arce not equipped *o produce highly
spacialized design. Most project dscumentation is provided
by Architect/Engineering (ASE) service con“racts. These
contracts are awarded in accordance with NAVPAC P-68 which
details the rocedures by which <+th2y are to be solicited,
negotiated, awarded, ard administered and the mandatory *ime
envelopes associated with each phase. The requirements
associated with each phase of design contracts vary with the
type and size of contract. [Ref. 2]

Pollowing the initiation of the project at the activity
level the AGE contract 3ocuaentatiosn aust be prepared by
either the activi+y, if it has the capability, or by *he
cognizant EFD., The time periocd for %his evolution is two to
four mon%hs. Subsequent to the c¢oapletion of the design
contrac: which had encompassed a totil of four :o six months
and prcduced the thirty five percan:t design and project
engineering docuaments (PED), the activity or ZPD puts the
information into <*he propsr format for subamission to its
major claimant and sinsul*aneously to NAVPAC. By “his time
almsost a year has elapssd since the initiation of <+he
project. After the project is inserted into the C(CNC's

18

2 adknd B




r=—

budget submission and intd the Presilent!s budget rejuest,
it takes almost another y2ar for the Congress to complete
its action and provide funiing, as shown ir Figqure 2.1.

8. INPLATION

Qver the past eight years, when inflation  was
approaching tventy percent at one point, <thess time delays
of twelve to eighteen am>nths could aean that a praject’s
original estimated cost <could have <riser substantially
faster than the standard ten percent inflation rate called
for in the SFPS documentation. A comparison of these *wo
inflation rates would apvrear %o show tha* the SFPS inflation
factor may be too low.

In fact, however, <tha use of the corstant ten percent
inflation factor d4o0es have a tendency to fully offset the
effect of inflation (in the long run). While the *otal
actual costs rise, the cost estimates have risen at ten
percent which closely aporoximates the actual average infla-
tion rate over the past five years, Therefore, there
appears to be no need for an 2dditional inflatiorn factor to
account for the long run effects of inflation.

Inflation has bad a detrimental impact on the reli-
ability of those estimates made two %o three ysars prior 4o
submission and an especially detrizeantal impact if the esti-
mate wvas not updated immediately prior to subaission to the
CNO. Project managers and major claimants are aware of this
effect and are requiring that all estimates ba updated for
inflation and any other fsrseeable changes imaediately prior
to subaission %0 the C¥) in an effort to ensure npore
accurate estisates.

19
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A. INTRODUCTION

The data on the 1065 projects over the last eight years
were analyzed in an atteapt to provide a better method for
predicting *he actual costs of a construction project using
the original estimated costs as a pradictor. The da%a were
disaggregated by BFD as vw2ll as by fiscal year within each
EFD. Linear regression analysis was used to obtain predic-
tion equations. Equations for on2 EPD are examined ia
detail in this chapter with the detailed resul%s from the
other BEFD's being present2ad in Appeniix aA.

B. DATA AND SOURCES

The data were obtained from PACSO Report aumber
(MIBIDYL.CNTL (Act COST)) which 1lists each :closed-out or
coapleted construction project along wish i%s auathorized/es-
timated cost, and its actual cost, as vwell as its identifi-
cation pumber, ¢title of the project, and <+ha activity at
vhich it was constructed. The data sbtained froam PACSO wers
verified by cosparison with +the aanual Coamposite ‘'As
Enacted!' Budgets provided by Congress to each EFD. Thase
budgets list all MILCON projects separately for that €fiscal
year with a full explaunation of ths project and amount of
funding asthorized for it. The authorized amount in each
case was found ¢0 be the same as the astimatad cost ang,
therefore, the terms are used synonymously.

20
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The *wo actual and estimated costs for the projects were
related through <the usa of 1linear regression analysis.
Linear regression analysis can be siaplistically d=fined as
the fitting of a line to a plot of more than +two related
points by a method known as the least sum of squares. This
method reduces the sum of +the squared distances from each
point to the line to a ainimua and :hsreby provides a single
linear equation which represents 3all of *he plotted
relationships (Ref. 6: p. 320].

The pairs of points ar2 plo+ted using <he actual cost as
the dependent variable on the y coordinate and the author-
ized/estimated cost as ¢ha indepenient variable on the «x
coordinate., The resulting equation has the fora:

¥=B) ¢+ 31 x Xi

whare v is the expected actual cost 2f the proposed project,
Xi is the anthorized/estimated cost, Bo is the y in%tercept,
and B1 is the slope of fitted line,

The accuracy of <+he fitted equations is desnoted by the
R2 ternm. R2 (Coeffeciant of Detarmination) is defined as
the proportion of <the total variation of Y as explained by
the fitted equation. The fit*ed eyuation will reduyce the
variation of the actual cos*t froa ¢the estimated cost by the
asoun® of R2 [Ref. 6:p. 423 ). R2 is a measure 2f the amount
of variability of the depandent variable that 4is sxplained
by the fitted equation and is expra2ssed in *ha fora of a
nuaber betwveen zero and 100. 4 higher percentage indicates
a better fit and a more us2ful equation.

The standard error of the coefficient is a aeasure of
the accuracy of the fitted coefficients of an ejuation. The
standard error of the coefficient am2asures the deviation of
the coefficient froam the expectsd co2fficient. The smaller

21




the standard error the aore exacht is <+he fit of <tha+
coefficient of the equation.

One would not expect any fitted line to predict the cost
of any new project with 100 percent accuracy. Therein lies

the need for an interval around the expacted value in which 4
the actual cost will lie with soae Jagree of certainty. The E
following prediction equation is used to derive such an !
interval:

y¢/- t(1-a/2,2-2) (S)J 1, (Xo-me2

n £xiz-(aX2 .
(Ref. 7:p. 72] n Zxiz-(aX2)

The following terms apply to the preceeding aquztion: ;

i
X is the mean authorized projez* cost for that EFD; ‘
n is the total nuabac of projects used in the regres- '

sion (see Appendix 1A);

+ is described as a studen%t!s & distribution with n-1
degrees of freedoca. The level of certainty is selected at
this point as it is needad +o determine the appropriate t
value (See Appendix C for Specific t values);

S is described in genaral as th2 standard deviaticn of
the residvuals (or <the normal or axpected 3iistance the
plotted observations lie form the fittaed line);

Y is the figure used to denote thes new or expected valas
of the actual cost;

a (alpha) is the significance level (.05);

Xo is the estimpated cost 5f thae new project provided by
the EFD;




—— .

Xi2 3is the sum of <+he 3individual au+horized costs
squared.

The interval obtained from <the above equation is the
range in wvhich the actual cost (Y) will fall with a given
certainty or probability. The certainty or probability is
entered into the equation via the ¢ value proviied by
Appendix C. The specification of a specific probability is
left to the user. The interval wilth can be controlled by
an applicable rule of thuab that states that the smaller <%khe
probability used, the narrower the in%srval will be and vice
versa.

D. RESULTS

Pigure 3.1 is a plot of Chesapeake Division's €fitted
line and the prediction interval associated with an (a) of ‘
-05. This figure is represetative of the other EFD?!s as f
vell as Bethesda and Trident West.
1. itted Line
The fitted line for Chesapeake Division vith 77
observations over six years is

Y = 1.6592 ¢ ,9307 x Aathorized

vith standard deviations for Bo = 23.05 and for B1 = .0126.
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Pigure 3.1 Detailed Plot of Chesageake Division Pitted
Line and Prediction Intarval

2. Prediction Equation
The prediction equation for Chesapeake Division is

Y #/= (1.98) (182.77) . (Yo = 771)2
77 1580221937‘T7TT777Tr2
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which resules in the followirg ranges 2* selact2d points:

éo Intarval
00 * /- 38002575
771 +t /- 364.2269
1000 /- 364,2446
1500 ¢ /- 364.4058
2000 ¢ /= 364.7322
2500 /- 365. 2310
3000 /- 365.8943
3500 + /- 366.7235

These ranges are graphically depicted in Pigure 3.1%.

The regression egqua*iosons have b2an calculated for each
E¥D as well as Bethesda aad Trident West ard are presented
in a suamary form in Table VI and as arc aggregate in
Appendix 1.

The fitted equation for *he en%ire da%ta set is

Y = 166.45 ¢+ 08412 x Authorized

and produced an R2 of only 26.42 parcant. The low R2 is 3ue
to *he diffarence irn th2 mean sizes of “he normal MILCOW
projects and those mean sizes found in <+he B2thesda angd
Trident West coastruction project packages. dhen these *two
construction packages arz iptroducz2d into the reg

ession

n

T
.
>

analysis their means distoc* the +¢5tal data base %o

o

uch an
extent tha*t a meaningful fitted line cannot be dbtained .

The removal of <the Bathesda and Trident W2st 3data from
the regression analysis produces the following NAVFAC fitted
equation

Y = S4,735 ¢ .8657 x Aithorized

and
RZ2 = 89,69 percent.

This equation is useable by NAVPAC to predict the actual
cost of a proposed project and, if used over the long run,
will tend to reduce the estimatiny variance ¢to near ten
percent as the equation is «capables 5f 2xplaining only 89.69
percent of the variations of the pr2sent actual costs.
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PABLE VI

Suamary of Ra2gressiorn Zguations

Naval Pacilities Pngin2ering Coamand
Actual = 54,735 ¢ .3657 x Authorizad
Chesapeake Division
Actual = 1,6592 + .3307 x Au*horized
Atlantic Division

Actual = 31,049 ¢ 7342 x Authorized

Northern Division

Actual = 12,225 + .3432 x Authorized
Southern Division

Actual = 2,02 + .3344 x Authorized
Western Division

Actual = 41.657 + .3575 x Authorized
Pacific division

Actual = - 1,093 ¢+ .3887 x Authorized

Pigure 3.2 is the plot of all th2 EPD's and Bethesda and
Trident West's fitted lines which graphically illustrate the
above ccaments along with the effect of the inclusion and
remaoval of the Bethesda and Trident Wes+t data.

A review of the R2's for 2ach EPD, provided in
Appendix A, reveals that the Atlantic Division's overall B2
is only 76.65 percent which is %en %> fifteen percent lover
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LL taatr y=2acZs. e re@oval O tae 771 1979 data from the

regression raised the overall A<lantiz Division RZ to 78.32
percent.

B. SUMHMARY

Through the use of ragresssion analysis, fitted equa-
tions for each BEPD and NAVPAC as a vwhole ware derived.
Using these equations and the given prediction interval
equation, an estimate of a prediction interval on actual
cost of a proposed proiect can be desrived wvwith any desireld

degree of confidence.
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IV. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSION

The conclusion drawr €from the derived eaquations is
suamed up in the NAVPAC eo3uation. The NAVFPAC equation can
be interpre*ed ¢*o mean that “he data are linearly related to
such an extent that 89.69 percent of the variability of the
actual costs in the past 2ight years' NAVPAC MILCON prciects
can be explained by their astimated/authorized costs. This
statesent does not includz the <wo spacial cases of Bethesda
and Trident West.

With <+he overall Atlan*ic Division R2 being 76.485
percent, vwhich is ten ¢t fifteen percen® lower <than any
other EPD, there appears to be the pdssibili«y of a special
estimating problem that is peculiar to +lantic Division.
The presence of the wide variations beatween *he ac*ual cosis
and the estimated costs ¥ould indica*e “hat thare may be a
problem. However, there is also *he possibility that %he
estimates wvere the best possible but the contracts +thea-
selves may have had peculiar probleams and, hence, created
cost probleas. Due to the special probleas cthat A<lantic
Division appears to have, as indicatsd by “he low 82 valuss
shown in Appendix A, i+ zan be concluded further study is
necaessary.

B. RECOMMENDATIONS

At the close of each yesar, those projects that have been
closed out by each EBEPFD during that year should be added %o
the bottom of that EFD's data base and a like number removed
from the <op. This procelure will provide a data base of a
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insertion of the new prdjects, the regression analysis
should be repeated and the results reviewed 3in the sanm2
manner as previously discussed. Th2 effect of the applica-
tion of the fitted egquations will not be evident un%il
projects that have been 2stimated using *hese factors ar=
closed-out and +their actual costs compared with their
estimated cos+ts.

It is noted ¢that all of the slopes (B1's) 1in the
regressed equations are less than 1.) which is indicative of
a consistent shrinkage of the estimated *o th2 actual cost
of the project. This reduct ion appears to be due to a syste-
matic overestimation of all projects. This overestinsation
may be attributable <to an atteapt t> offset the effects of
infla%ion or to ensure that +the siza of *he contingency fund
is suyfficient %0 cover all circumstarnces. A revievw of the
past five years' inflation would inldicate that <the average
annual inflation rate is approximat2ly ten percent. With
NAVPAC P-448 ([Ref. 5] calling for a1 ten percant iaflation
factor to be used consistently in es+imating, inflation
should not be a factor in the variance froam “h2 authorized/
estimated cost. However, the slopes would indicate +he ¢ten
percent factor is unnecessarily high. Consequently, <there
is a possibility that the inflation factor in P-448 should
be adjusted. This possibility and the size 0f the
adjustasent will reguire further study.

A second possible explanation for “he shrinkage is the
size of the contingency or management reserve factor used in

the current estimating process. A% present, NAVPAC P-U4u8
allows for ten percent of the construction costs to be added
as a contingency factor. It would appear +that the

construction cost estimates are of sufficient accuracy so as
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to largely aiiieviace ctne need for a porticn oI zas
contingency funding. This possibility and the size of the
possible ad justment a2lsdo will require further study.

Upon coapletion of the data manipulation apd 1linear
regression process, it was noted that Atlantic Division
appears to have had some special probleas bu:, Sverall, the
EFD's and their ROICC's bave consistéently brought their
MILCON projects to complation beldw ¢the estimated cose.
This speaks highly of <their estimating, managerial, and
adainistrative skills. The indication of consistent overes-
timatior is the basis for the recoszended studies into *he
possibility of +*he reduction of <the inflation and contin-
gency factors presently used in YILCON cost estimating.
More accurate estimates would conceivably improve the NAVPAC
credibility with the Congrass which, aaong other bhenefits,
could generate more favorable c¢onsiierations for the MILCON
program in general,
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ARBENDIZX A
EFD EQUATIOQNS

This appendix is designed to provide arn aggregate of the ;‘
data derived from <+he regressions of the individual ZEPD
data.

Listed are: 1

1. The names of the EPD's on which the data were obtained

2. The fitted equation for each 2PD and each f£iscal year
in each EFD

3. The sun of the authorized/estinmated costs squared

4. The standard devia*ion of the rasiduals from the
fitted line

5 The number of projacts used in the regression analysis

6. The resulting R2

FITTED SUMN STD DEV
BFD EQUATION SQUARES OF RESID #0OBS R2
% x2 (s) (£)
B R R R E B R R S R AN S R E T R R S E S E R T e AR eSS E S S S EE S sEE
NAVPAC S4.735+.86572A0T4H 478.64 999 <8969
15178549000
CHESEPZAKE DIVISION 580221930
OVERALL 1.6592¢.9307¢A07H 182.77 17 « 9864
T4 13. 160¢,9902¢A 078 265, 31 18 «9700
75 -20 +.9101%A 0T 71,12 12 .9923
76 69.8+.664 08AUTH 70.05 13 .9784
77 ~11.5+.91508AUTH 37.87 15 .9998
78 6.87+.87708A07 60.60 12 .7403
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79 =-120+1.205%A014 59.85 18 . 9931

SOUTHERN DIVISION 3133099099
OVERALL 2.02+.8944 #AUTH 406.14 214 .9140
76 73.77+.8928%A0TH 337.9 72 .9487
75 ~4.41+.94072%00TH 513.9 67 .9255 }
76  96.22+.592u®A0TH 371.02 40 .7u64 :
77 17.48+.7668%20TH 209.42 30 .9107 J
78 29.22+.7571%A0TH 160.05 21 .7596 5
79  29.29+.91072A07TH $8.33 11 .8596
ATLANTIC DIVISION 1737286000
OVERALL 31.049+ .7342AUTH 414.68 183  .7665 ]
; 78 -12.122+ .98768A0TH 285. 24 53 .9737 !
75  _91.99 + .9055¢A0TH 332.15 38 .9090
76  36.59 + .7029¢A0TH 193.80 39 .9866
| 77 69.792+ .6376%A0TH 200.44 22 .9956 f
r 78  53.273+ .6244%A0TH 121.56 24 .9639
79 393.18 + .0220%A0TH 689.70 17 .6990

80 CANNOT REGRESS ON ONLY 2 OBSERVATIONS

NORTHERN DIVISION 1991578000
JVERALL 12,225+ .9492%AUTH 264,42 125 .9ubu
T4 S58.441+ ,987usagrg 251,53 29 9750 7
75 19.653¢+ .8182%AUTH 266.53 21 «9215
76 5% 404+ .9503820TH 350.61 34 <9296
; 77 9. 075+ .8739%A0TH 121.44 20 «9235
' 78 11.028+ .82143A0TH 49.33 11 <7982
79 ~75.28241,09488A0TH 52.59 6 «9931
80 35.816+ .8310%AUTH 38.21 4 .9395
PACIFIC DIVISION 2347655000
OVERALL -1.093« .8887¢AUT% 331.16 128 .9281
78  S51.869+ .88518AUTH 219,33 42 .9680
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7S =32.611+1.3145%30T4 136.52 25 .9896
76 50.090+ .7348®AUTH 549.98 14 .B8862
77 -124.030+ .93394sp0TH 499.01 22 .8792
78 2.232+ .7596%A0TH 190.79 16 .9478
79 =70.86+1.0196420T3 111.66 T <9730

VISTERN DIVISION 5388709000

OVERALL 41.657+ .95758A0TH 596.5 303 .8S593
74 26.770+1.1800%AUTH 570.33 70 .38085
75 83.055+ .9045&A0TH 421.43 69 .9477
76 59.004+ 779 T*AUTH 147.73 68 .9683
77 46.428+ .76858A0TH 291.95 43 .9528
78 <~8.6824+ .9699%A(TH 109.67 33 .9660
79 ~36.780+¢1.0619%A07H 68.53 14 .9565

TRIDENT WEST 4365602000

OVERALL 139.34+ .8527%AUTH 574.51 44  .9899
T4/75 242.68+ .8398€20UTH 941.30 12 .9842
76 36.936+ .845u=20TH 238.33 1 .S652
77 =163.65+1.0594=A07H 218.72 1b <9758
78 -128, 18+1.191283071 349.54 8 .9708

BETHESDA HOSPITAL 323362239

OVERALL 291.66+ .868#AUTH 595.20 7 .9880
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The ‘'aean authorized* figure is <he average of <*the
authorized amounts £or all projects in that EPD,

The 'mean actual' figure is the mathematical average of
the actual costs for all projects in that EFD.

The faverage percent shrinkage ar growth! in the EPD is
the mathematical average of the percentages of shrinkage or
growth fouand in each project in th2a individual EBFD. A
project is said to shrink if the aztual cost is 1less <han
tha augthorized amount and is said to grow if the actual cost
is more than the authorizad amouant.

The *average weighted variance' is a comparison of the
total authorized amount for all fiscal years and total
actual cost expressed 1as a percentage of +he total
authorized amount for that EPD.

ATLANTIC DIVISION

8EAN AUTRORIZED 1075. MEAN ACTUAL 877.5

AVERAGE 15.096 PERCENT SHRINKAGEZ IN THIS EPFD

AVG WEIGHTED VARIANCE 22.529 PERCENT SHRINK

22E ZTE S ETEEREESIEEIRRRT XEXL T T ECTE SERA I ST T T IR ST LIRS ST SRS
CRESAPEAKE DIVISION

MEAN AUTHORIZED 7. MEAN ACTUAL 718.5

AVERAGE 9.674 PERCENT SHRINKAGE IN THIS EPD

AVG WEIGHTED VARIANCE 7.268 PERCENT SHRINK

SER TR EESEEEREEEESE ST RLE REZT AL X FREE EENEXTRTXETXFXRETTTETIAITRSRET
NORTHERN DIVISION

MEAN AOTHORIZED 821. MEAN ACTUOAL 791.4

AVERAGE 3.567 PERCENT SHIRINKAGE IN THIS B2PD

AVG WEIGHTED VARIANCE 3.732 PERCENT SHRINK
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zz= == 54z 32T =TI I SEZITSIST SSISSESTTITTTSTSTETSTITS
PACIFIC DIVISION

MEAN AUTHORIZED 1010. MEAN ACTUAL 893.5

AVERAGE 10.027 PERCENT SHRINKAGE IN THIS EPD

AVG WEIGHTED VARIANCE 13.)64 PERCENT SHRINK

R I R S E I I R I I S E T S S S E SN SIS IR EES S IR TR TETIT I
SOUTHERN DIVISION

MEAY AUTHORIZED 1037. MEAN ACTUAL 929.2

AVERAGE 7.846 PERCENT SHRINKAGE IN THIS EPD

AVG WEIGHTED VARIANCE 11.570 PERCENT SHRINK

ZEEZ TS R=CXI TSI TSISIT ST IIZ SIS TTIISICCSTTZETTATTITTTTTT IS
WESTERN DIVISION

MEAN AUTHORIZED 1008. MEAN ACTUAL 1006. 2

AVERAGE 2.172 PERCENT SHRINKAGE IN THIS EFD

AVG WEIGHTED VARIANCE 0.136 PERCENT SHRINK

P S A R N R R S N R S S T E I S S S e S S S SIS S S ST E S E S ST ST S
TRIDENT WEST

MEAN AUTHORIZED 2348. MEAN ACTUAL 2138.5

AVERAGE 4.192 PERCENT GROWTH IN THIS EFD

AVG WEIGHTED VARIANCE 9.8303 PERCENT GROWTH

I R T N R I T I S T S S S SIS I N NS SN ISR RIS S =R =
BET HESDA
MZAN AUTHORIZED 3766. MEAN ACTUAL 3524.0

AVERAGE 0.079 PERCENT SHRINKAGE IN THIS EFD
AVG WEIGHTED VARIANCE 6.376 PERCENT SHRINK

ZXE CEIRASETATESTTZIAREETEITILR SEET XTI TI AT I TTI o= ===
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ARPENDIX C
SELECIED STUDENI'S T DISTRIBUTION VALIES

The values listed are those specific S+tudent's ¢
digstribution values applicable to *he ninety, ainety-five,
and ninety-nine percent pradiction iatervals., The n values
listed are of such siz2 s> as to0 encompass the nuabers of
prajects found in the EFD's and NAVPAC as a whole.

1-a/2 <95 975 . 9395
n
60 1.67T1 2.000 2.660
120 1.658 1.980 2.617
int 1. 645 1.960 2.576
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