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Notice 

The Federal Construction Council (FCC) is a continuing 
activity of the Building Research Board of the National 
Research Council (NRC). The purpose of the FCC is to 
promote cooperation among federal construction agencies 
and between such agencies and other elements of the 
building community in addressing technical issues of 
mutural concern. As one of its activities, the FCC 
periodically publishes reports like this one that 
present information on the current policies, practices, 
and procedures of federal agencies regarding some aspect 
of building technology. These reports are prepared by 
committees of government employees under the ausp ices of 
the FCC. Since these committees are not appointed by 
the NRC and their reports are not reviewed and approved 
in accordance with usual NRC procedures, their reports 
are FCC publications rather than official NRC 
publications. 

For further information on the FCC program or FCC 
reports, please write to: 

Executive Secretary 
Federal Construction Council 
Building R esearch Board 
2101 Constitution Avenue, N.W. 
washington, D.C. 20418 
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1 

INIRODUCTION 

In broad terms , a cons truction proj ect involves ·three 
stages :* preliminary planning, during which the need for 
a propos ed faci lity is established and the general nature 
of the fac ility to be constructed to meet that need is 
determined; des ign, during which the detailed plans and 
s pecifications for the facility are developed; and 
construction, during which the faci lity is bui lt.' In 
terms of expenditure, the construction stage is by far 
the most important stage; approximately 90 percent of 
total proj ect funding** is s pent during construction 
whereas only about 8 percent is s pent during the des ign 
stage and only about 2 percent during the preliminary 
planning stage. With res pect to the critical decisions 
that affect the des ign and cost of a facility, however, 
the preliminary planning stage is by far the mos t 
i mportant stage. 

The preliminary planning s tage ( also referred to as 
the programming stage) is s o  important in the decision­
making proc ess becaus e it is during this s tage that the 
initial decis ion to proceed with the proj ect is made, the 
s i ze, function, general character, and loc ation of the 
proposed faci lity are determined, and the preliminary 
budget is s et. Once even preliminary decisions are made 
on thes e matters , the nature and cost  of the facility are 
virtually predetermined. 

*A construction project may involve either new 
c onstruction or major rehabilitation work. 
**The expenditures on a project are ass umed to include 
both contract costs and in-house agency expenditures that 
are directly attributable to a project. 
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Various agenci es carry out the preliminary planning 
s tage differently; however, in mos t  agenc i es it involves 
several steps begi nni ng with identification of a facility 
need by an operational activity and ends with the 
development of a preliminary cost estimate, which is us ed 
to prepare a fundi ng request to Congres s .  In between 
thes e two points,  various analys es are made to determine, 
for example, if  the requested faci lity is  really needed, 
whether the need mi ght be met in a more cost-effective 
manner by some means other than a cons truction proj ect,  
the relative i mportance of the proj ect compared to other 
propos ed proj ects , the bes t  location for the propos ed 
fac ility, the relative merits of various des ign concepts,  
and the proj ected cost  of the selected conc ept. 

While the nature and purpose of the preliminary 
planning proces s  vary from proj ect to proj ect and from 
agenc y to agency, all preliminary planning efforts have 
one thing i n  common: they involve the development and 
us e of cost estimates .  Cost estimates are of vital 
i mportance i n  the preli minary planning s tage becaus e 
almost every maj or decision made duri ng that 
s tage--including the bas ic decision to undertake a 
proposed proj ect--is bas ed at least in part on economic 
cons iderations . And, of course, one of the end products 
of the preliminary planning effort is an es timate of 
costs that is us ed to prepare a request to Co ngres s  for 
an appropriation and authorization. 

In mos t  agencies , s everal estimates are prepared 
during the preliminary p lanning stage. For the purpos e 
of this report all of thes e estimates are cons idered 
budget estimates ,  becaus e they are bas ed on incomplete 
information about the faci lity to be constructed. In 
reality, the amount of information available to 
estimators about a propos ed proj ect increas es in the 
cours e  of the preliminary planning proces s ;  cons equently, 
budget es timates prepared at the end of the preliminary 
planning stage should be cons iderably more accurate than 
es timates prepared earlier. However, regardless of when 
budget es timates are prepared, they are inevitably bas ed 
on incomplete information, and ensuring their accuracy is  
a challenging task. 

In s pite of the importance of budget estimates and 
the difficulties assoc iated with developing them, 
agenc ies have s eldom exchanged information about the data 
and techniques used in their preparation. To correct 
this s ituation, the Program Committee of the Federal 
Cons truction Council as ked the FCC Consulting Committee 
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on Cos t  Engineering to undertake the s tudy reported 
here. Specifically, the committee was asked to s ummarize 
the practices and procedures us ed by various agencies to 
prepare budget estimates ( e. g. ,  how costs are determined, 
at what point in the des i gn proces s  budget estimates are 
prepared, and how estimates are doc umented and 
evaluated) , and to report on the results of any s tudies 
that have been made of the relative accuracy of es timates 
prepared us ing different procedures . 

To carry out its ass ignment, the committee held a 
s ymposium at which s even of the agencies repres ented on 
the committee pres ented papers describing their policies 
and proc edures regarding the preparation of budget 
estimates .  Becaus e different agencies have different 
definitions of budget estimates ,  the committee as ked the 
agenc ies to put s peci al emphas is on the earliest 
estimates prepared during the preliminary planning 
( programming) stage of a proj ect that s erves as a 
cons traint on the ultimate des ign and cost of a 
faci lity. Synops es of the papers pres ented by the 
agencies are included as Chapters 2 through 8 of this 
report. A s ummary of the information provided by the 
various agenc i es is pres ented in Chapter 9. 
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2 

BUDGET ES TIMATING IN THE AIR FQRCE 

JOHN F. HEISE 
Headquarters 

U. S .  Air Force Logistics Co mmand 

This paper on budget estimating is prepared fro m the 
perspective of one of the maj or co mmands in the Air 
Force, the Air Force Logistic Co mmand (AFLC ) , and its 
s ubordinate bas es . The bas e level is where it all 
begins . Budget prices can be adj usted at other levels in 
the organization, but if estimates do not have some 
degree of accuracy when first prepared, it is doubtful if  
accuracy will ever be obtained. 

Construction budget estimates are prepared for two 
maj or programs . The first is the Military Constructio n  
Program (MCP) , which averages about $200 million annually 
in the AFLC. The MCP involves large dollar proj ects and 
requires the preparation of formal estimates .  The s econd 
pro gram is Bas e Operations and Maintenance (O&M) program, 
which includes fac ility and s ystem maintenanc e and repair 
and minor construction proj ects . The O&M budget, which 
totals about $ 120 million annually in the AFLC, covers 
s everal hundred s mall proj ects that require budget 
estimates .  

MILITARY CONS TRUCTION PROGRAM 

When develop ment of the MCP for a specific year is 
s tarted, the Department of Defens e indicates the total 
amo unt of funding that will be available. S inc e the 
amo unt is always limited, some requested proj ects always 
have to be omitted fro m the program. If the cost of 
high-priority proj ects is over es timated, some lower 
priority proj ects will be o mitted from the program that 
could otherwise have been included. It is important , 
therefore, that proj ect cost estimates not be too high. 
On the other hand, if the cost of a proj ect is under 
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estimated, there may not be enough money to construct  a 
hi gh quality, usable , efficient facility. Thus ,  it is  
important that budget estimates be neither too high nor 
too low. 

Prices must correspond to Department of Defens e (DoD) 
and Air Force ( AF) pricing guidelines. If unit costs for 
a proj ect vary too much from these s tandards , the cost 
variances must be completely j ustified; otherwise the 
proj ect will be deleted or its budget cons iderably 
reduced. 

It is ess ential to understand what is to be built 
before beginning the budget estimating proces s .  
Developi ng design criteria , knowing what the function is , 
and understanding user requirements are of paramount 
importance. Once all thes e. data are available, the 
estimating process can begin. The s tarting point is the 
DoD/AF pricing guide. Using this guide, the average unit 
cost of  a faci lity similar to the one to be constructed 
is determined. This figure is then adj ust ed to reflect 
differences between the ass umed facility and the actual 
facility. The res ult is a cost for the basic s tructure. 
It is then necessary to add the s upporting utilities and 
s ite condition costs. The normal value for thes e costs 
is 15 percent of the building cost; if site conditions 
are unusual or an excess ive amount of utilities are 
required, the 15 percent fi gure must be adj usted. 

A total proj ect cost estimate is now available. The 
total cost then is analyzed on the bas is of engi neering 
experience to determine whether it seems reasonable bas ed 
on what is needed. If the price appears to be too low o r  
too hi gh, other pricing guides and manuals ( e. g. ,  Means , 
Dodge, Richardson) are consulted. Pas t  bid prices and 
local conditions also are cons idered. All reasons for 
the cost difference fro m DoD/AF pricing guides also are 
doc umented. 

Budget cost information obtained fro m the DoD/AF 
prici ng guides works well on typical administration and 
operational type buildings .  The cost data are very 
accurate for utility s ystems, runways , and roads . 
However, the data are not accurate for nonstandard 
fac ilities ,  and this can caus e  budget estimating 
problems. For example, use of pric ing guide data for 
large industrial plants can result in budget estimates 
much lower than actual cons truction prices .  If the 
estimate is not adj usted during budget preparation, both 
des ign features and scope will have to be reduced prior 
to construction. 

6 

Copyright © National Academy of Sciences. All rights reserved.

Procedures Used by Federal Agencies to Prepare Budget Estimates for Construction
http://www.nap.edu/catalog.php?record_id=19184

http://www.nap.edu/catalog.php?record_id=19184


An i nformal study has been conducted to determine how 
budget estimates for the AFLC MCP compare with actual bid 
prices .  On average, the actual cost of the total program 
has been c lose to the budget estimate for the total 
program. About 70 percent of proj ects are within 
acc eptable limits of cost estimati ng. Of the remainder, 
about half of the estimates were exc es s ively high and 
half were exc ess ively low. The 15 percent of the 
proj ects whos e costs have been s i gnificantly under 
estimated caus e  serious problems ; facilities are delayed, 
important miss ion functions are not effectively 
accomplished, and cons iderable effort is required to 
salvage thes e proj ects.  [The 15 percent of the proj ects 
whose costs have been s i gnificantly over estimated 
pres ent a much less  s erious problem. ] 

BASE O&H PROGRAM 

As noted above, the AFLC Bas e  O&H Program has an 
annual budget of approximately $ 120 million and includes 
about 400 proj ects.  Thes e proj ects generally involve 
fewer items than the MCP proj ects . Frequently proj ects 
s uch as roof repair, road resurfac ing, and painting can 
be budgeted us ing only one or two unit costs.  Bas es have 
developed historical data on unit cost prices from actual 
bids , and it is thes e costs that are generally us ed. The 
readily available price manuals such as Means and Dodge 
effectively s upplement locally developed unit prices .  
Unit prices us ed for budget purposes on the O&H program 
i mprove as a local data bas e  expands . The track record 
on estimating O&H proj ects is quite similar to the record 
for the Military Construction Program. 

CONCLUSION 

In general, AF budget estimating procedures mus t be 
improved. Many excellent data are available but they 
frequently need to be modified to fit unique and local 
conditions . The experienc e of the estimator is of 
crucial importanc e and can mean the differenc e between 
good and bad estimates . So me cost figures s till mus t be 
obtained by " educated gues s es . " Until improvements such 
as expanded data bas es , parametric cost estimating, and 
o ther proc edures are refined and made available to AF 
bas es ,  problems will occur on an unacceptable percentage 
o f  cons truction budget estimates . 
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3 

CQNSIRUCTIQN PRQJECT BUDGET ESTIMATING 
in the 

DEPARTMENT OF ENERGY 

Jos eph Bozik 
Proj ect and Facilities Management 

Department of Energy 

The construction proj ects managed by the Department 
of Energy ( DoE) cover a tremendous ly broad range of s i zes 
and types ,  from relatively low-cos t  conventional proj ects 
like wareho us es ,  dormitories ,  and laboratories to 
high-cost proj ects involving s uch recent technologi es as 
coal gas i fication, magnetic fus ion, and las er isotope 
s eparation. 

DoE categorizes proj ects as "Maj or S ystem 
Acquis itions , " "Maj or Proj ects , "  or "Other Proj ects"  on 
the bas is of  s uch factors as : 

a. Cos t  - ( Proj ects Costing more than $200 million 
are us ually clas s i fied as Maj or S ystem Acquis itions ; 
proj ects costing between $ 5 0  million and $200 million are 
usually class ified as Maj or Proj ects;  and proj ects 
costing less than $ 5 0  million are usually class i fied as 
Other Proj ects ) .  

b. Importance and visibility 
c. Size and complexity 
d. Degree of DoE control required 
e. Who has recommended them (e.g., the office of the 

S ecretary of DoE, an assistant s ecretary for a maj or 
program, or a field office manager) .  

The lower-cost  proj ects generally are constructed 
with off-the-shelf equipment, materials and skills and 
are relatively s i mple to construct. However, the 
high-cost proj ects often are state-of-the-art, 
one-of-a-kind proj ects,  and are relatively complex to 
cons truct. Mos t  DoE proj ects require conventional 
cons truction and estimating methods ; however , certain 
product-ass embly-line items such as heliostat and gas 
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centrifuges require industrial and learning curve cost 
estimating methods. 

Maj or planning decisions often are made prior to 
conceptual des ign when little design detail is available 
to s upport the estimate. Program and proj ect managers 
need estimates for source evaluation,  proj ect baselining, 
budgeti ng ,  and proj ect management and control. Planners 
need estimates in order to weigh the benefits of various 
tec hnolo gies , programs , and proj ects and to establis h  DoE 
energy priorities . 

S even general types of cost estimates are developed 
and us ed by DoE throughout the life of a constructio n  
proj ect.  Identification of a n  estimate by type denotes a 
c ertain level of accuracy and confidence in the 
estimate. Cost estimates are often compared to the 
actual cost of  the proj ect to judge the s uccess of  the 
management effort. 

The s even types of  estimates are: 

• Planning estimates 
• Budget or conc eptual design estimates 
• Title I (preliminary design estimates ) 
• Title II ( detailed des ign estimates ) 
• Government ( architect-engineer) estimates 
• Current worki ng estimates 
• Independent cos t  estimates 

As a proj ect evolves from planning through conceptual 
des ign, and Title I and Title II des ign, more details are 
available and are used to prepare the estimate. 

The focus of this paper is the DoE pl�nning estimate, 
whic h is the earliest estimate that puts constraints on 
the ultimate size, desi gn, and cost  of  a project. A 
planning ( feas ibility study) estimate is normally 
prepared either by one of DoE's Operations Offices (which 
are s taffed with government personnel) or by a DoE 
operating contractor. It is usually prepared for a 
proposed proj ect prior to the accomplis hment of 
conceptual des ign. Planning estimates are us ed for 
scoping s tudies and for preparing preliminary budget 
estimates of total proj ect costs.  Planning estimates for 
construction proj ects are pres ented on a S hort Form Data 
S heet. ( Figure 1 is a s ample. ) 

A planning estimate is an order-of-magnitude 
estimate. It can be given in terms of dollars per s quare 
foot , per linear foot ,  per cubic yard, per kilowatt, or  
some other unit. On many proj ects,  the available data 
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FIGURE 1 Example of a DoE Short Form Data Sheet 

Copyright © National Academy of Sciences. All rights reserved.

Procedures Used by Federal Agencies to Prepare Budget Estimates for Construction
http://www.nap.edu/catalog.php?record_id=19184

http://www.nap.edu/catalog.php?record_id=19184


Date 2-l-13 
SHCIIT FORM DATA SHEET 

l.lllorAto"7 IIIII ProducttOA Flct1 lt7 
for Protot7pe DHices 

4. Total Estl .. ted Cost (TEC) 
1. Eft91Reertn, (Tttles I thro.fh Ill) 
b. Conttructton 
c. Cclllt tngenc7 

s. OUter Costs 
•· Concept111l Destga 
b. UO MCeSS1"7 to CCIIPlete COMt. 

&. Tllltattwe Scllechlle 
Conctpttll 1 Des t"' 
Tttl e I 
Tttte I I  
Constn�ct ton 
Operation 

( 4.ooo.ooo� 
czz.ooo.ooo 
(4.000.000 

nt916. 
,.,. z 

30.000.000 

7. Due to Uf'9enc7 of Meting operational date l'eqiiHt Ff IS PEltO F1ndt Of 1,200,000 
for acco.pllshlent of Title I and 40 percent of Title II design. These design 
funds wl H allow sufrtctent dfltgn to be co.ctleted dllrl"' Ff 8S so tlln constrvc­
tlon can begin during the 1st q�Nrter of n 86. F1t11re to """Ide theSe funds 
wilt clela7 construction start one 7e1r fro. dlto contained 111 proposed sclledllle. 
Tilts requt re.nt ts current17 Inc laded In tt• 41. If appnlftd, ens sut.tsslon 
w111 tndlute reduction of TEC for PEIO Fllltds. If project Is 110t considered In 
FY 86 budget, PE&O request for FY IS slloltd still be supported st��ee project. ts 
urgent lnd w11tdated requtre.nt. · 

FIGURE 1 Continued 
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may be minimal, and the criteria provided can range from 
the functional/operational requirements to a brief 
description. This description may be supplemented with a 
sketch,  briefings , a tour of the proposed proj ect s ite, 
or references to s imilar proj ects that already exist. 

Planning estimates are based on the following: 

• Pas t  cost experience with s imilar faci lities if 
available. ( DoE's Operations Offices and DoE operating 
contractors normally rely on their own historical data to 
develop the planning estimates . ) 

• Order-of-magnitude esti mates in the abs ence of 
previous cos t  experience. 

• Parametric estimating (cost estimating relation­
ships ) when program definition is vague or 

incomplete or as a doublecheck against another estimate. 

Engineering costs in planning estimates generally are 
based on a percentage of estimated construction costs,  
and cons ideration is given to the complexity of the 
proj ect in establishing the percentage to be used. 
S i mi larly, an allowance for contingency is inc luded in 
the total proj ect estimate us ing a percentage of total 
engineering and construction costs established on the 
bas is of complexity and uncertainties of the component 
parts of the proj ect. 

DoE provides its Operations Offices the following 
guides to ass ist  in estimate preparation: 

• Cost Estimating Manual--a compilation of cost 
estimating pro cedures 

• Cost Guides --in 6 volumes, as follows 
volume 1, Economic Analys is:  Methods , Procedures , 
Life-Cycle Costing, and Cost Reviewing/Validating 
Volume 2, S tandard Procedures for Determining 
Revenue Requirements ( Product Cos t) 
Volume 3, Cost Factors:  Capital and Operations 
and Maintenance Factors of Representative Energy 
Systems and Facilities 
Volume 4, Cost Data and Cost Estimating 
Relatio nships: Process Equi pment , Bulk Materials, 
Facilities and Packaged Uni ts 
volume 5 ,  How to Construct and Use Economi c 
Escalation Indi ces 
Volume 6, Cost Estimating Methods and Techniques 
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• Cost Estimating Guide for the Application o f  
Contingency 

• Guidelines for Defining and Accounting for 
Engineering , Design and Insp ection Costs 

• Economic Escalation Rates for DoE Construction 
Projects 

The following additional tools are used by some of 
DoE's operating contractors:  

• Computer cost  programs such as  the Dodge Design 
Estimator and the Freiman Analysis of S ystems Technique 
( FAST) 

• Estimating manuals s uc h  as Dodge , Means and 
Richardson 

S eparate planning estimates for engineering, 
construction , and contingency costs are shown on the 
Short Form Data Sheet. Field offices prepare thes e 
sheets for identified p rojects and submit them to the 
appropriate DoE Headquarters program office for review. 
The headquarters program office selects those proj ects 
that will be supported in the budget requests for funding 
for the performance of conceptual design work. Thus , the 
Short Form Data Sheet for each proj ect also must include 
an estimate of funds required and a schedule for the 
performance of conceptual design. 

14 
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4 

COS T ENGINEERING POLICIES AND fROCEPYRES ' 

of the 
CQRPS OF ENQINEERS 

John Reimer 
U. S .  Army Corps of Engineers 

Washington, DC 

Cos t  estimates for Corps of Engineers c onstruction 
proj ects are prepared at various s tages in the planning, 
des i gn, and construction proces s .  Generally, thes e 
estimates are referred to as current working estimates 
( ewEs ) to reflect the fact that the actual cost of a 
facility is never c ertain until all the work has been 
completed, the facility has been accepted by the 
government, and all outstanding claims have been 
s ettled. A CWE includes the esti mated cos t  of 
construction plus allowances for contingencies ,  
s upervis ion and ins pection, and government overhead. Of 
co urse, the accuracy of ewEs improves as more information 
is  obtained in the course of the planning, des i gn and 
construction process .  To reflect this fact, the Corps of 
Engineers class ifies ewEs as follows :  

Code A - Less than concept des i gn completed 
Code B - Concept des i gn only completed 
Code C - Final des i gn - including drawings and 

s pecifications in progress or completed* 
Code D - Bids opened and lowest res pons i ble bidder 

determined 
Code E - Construction contract awarded 
Code F - Construction lOOt complete 

This paper will dis cuss the development and us e of 
Code A and Code B ewEs . The Code B CWE is also referred 
to as the " budget estimate" ; it is  prepared when the 
des i gn of a proj ect is approxi mately 35 percent 

*Code C ewEs are commonly referred to as " government 
es timates ." 
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complete. The budget estimate is very important because 
it is the estimate that is submitted to the Congress for 
appropriation and authorization. It should be noted that 
all Code A and Code B CWEs are of a parametric nature 
( e. g. ,  in terms of dollars per square feet) .  CWEs for 
all proj ects over $200 , 000 ultimately are presented on 
Department of Defense Form DD 1391 (see Figure 2 ) .  

The initial CWE for a proj ect is prepared by the 
facility engineer at the installation on which the 
proj ect will be carried out (the field activity) .  The 
initial CWE is developed only after the proj ect has been 
authorized by the Department of the Army ( DA) . The 
development of this CWE is fully automated through the DD 
1391 Processor. The Processor , which is available to 
Army installations world wide , is an interactive computer 
program that assists users in preparing, submitting, 
reviewing, correcting , printing, and archiving 1391 forms 
and associated data. The Processor was developed by 
Army's Construction Engineering Research Laboratory in 
1976. It underwent initial field testing in 1979 by the 
Army's Huntsville Engineer Division and it has been 
available to the Army community at large since 1980 . The 
Processor's main functions are to : 

1. Provide interactive teleprocessing assistance in 
preparing and editing forms, as well as submitting and 
distributing them electronically ; 

2. Calculate space allowances, estimate the cost for 
primary facilities and verify proj ect requirements using 
data files stored in the system ; 

3. Provide for on- line retrieval and updating of 
background data files ; 

4. Provide a single source of official forms for all 
concerned organizations from the installations to the 
staff and secretariat level of the Department of the 
Army ; 

5 .  Facilitate the preparation, submission, and review 
of the form throughout the Army . 

The Processor prompts users to insert information 
regarding the requirements and functional aspects of the 
facility to be constructed ( i . e . ,  number of persons, 
number of vehicles, category code, size, need for cranes , 
lifts, etc . ) .  Empirical pricing data are inserted 
automatically once the category code, size, location, and 
program year is selected . The Processor then prompts the 
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user to insert information regarding supporting facili­
ties requirements ( i. e. , water , gas , sewer , electricity , 
roads , parking , demolition , site improvements , etc. ) .  
The Processor also prompts the user to insert empirical 
prices for these items. Users are provided pricing data 
for such items via newsletters. Finally , the user is 
prompted to insert j ustification data and an economic 
analysis. The CWE is electronically submitted to the 
maj or command and Corps of Engineers headquarters for 
review and approval. 

When the proj ect review and approval process is 
complete , a directive is sent to the field activity 
authorizing the initiation of design work . When the 
design concept has been developed (at the 35 percent 
design point) , the Code B CWE ( budget estimate) is 
prepared and submitted to Corps of Engineers 
headquarters. This CWE is submitted on Corps of 
Engineers Form 3086 (see Figure 3) . 

In the past , form 3086 was manually transmitted in 
hard copy. Beginning this year , field activities can 
access the DD 1391 Processor and input the CWE in the 
"ENG Form 3086" file and electronically transmit the cost 
estimate to Corps of Engineers headquarters. This step 
greatly decreases the time required for review and 
approval because all principal review agencies can 
instantaneously read the latest CWE . Comments can be 
written by all reviewers , and Corps of Engineers 
headquarters can authenticate the scope of work , current 
and forecast prices , and the j ustification for added 
requirements . When this review is completed , the ENG 
Form 3086 file is automatically transferred to the DD 
Form 1391 file . 
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5 

BUPGET ESTIHATE DEVELOPMENT IN THE NATIONAL 
AiRONAYTICS AND SPACE APMINISTBATION 

James Vitagliano 
Facilities Engineering Division 

National Aeronautics and Space Administration 

In the National Aeronautics and Space Administration 
(NASA) , a preliminary engineering report ( PER) provides 
the basis for the development of budget estimates for 
construction of facilities proj ects that are included in 
the agency's annual budget request to the Congress for 
fiscal year authorization and appropriation . 

OBJECTIVES AND POLICY 

Preliminary engineering reports have a three fold 
obj ective: 

• To develop, early in the budget cycle, a proj ect 
that embodies the most economical and technically sound 
method of fulfilling a functional requirement 

• To provide data, including cost estimates, to 
support budget submissions 

• To be the basis of final design and detailed 
specification if the proj ect is approved . 

NASA field installations are encouraged to use 
in-house personnel to prepare PERs ; however, if 
necessary, installations can employ various other 
organizations to prepare them, including other government 
agencies, engineering consultants, architect- engineer 
(A- E) firms, and support contractors . PERs prepared by 
others are checked and validated by NASA personnel . 

When an A - E  firm is used to prepare a PER, the cost 
generally does not exceed 1.5 to 2.0 percent of NASA ' s  
initial estimate o f  the cost of construction. If a 
higher fee is required, a special j ustification defining 
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the maj or elements of work and an explanation of the 
basis of the costs must be sUbmitted to NASA Headquarters 
for approval. 

SCOPE AND CONTENT 

The PER is the product of a detailed analysis of user 
requirements . It evaluates alternative solutions and 
determines the basis for design that will result in the 
lowest possible life- cycle cost for the facility work 
proposed. The PER also includes the basis for the 
requirements (project justification) , an analysis that 
describes the functions of the facility , an evaluation of 
different approaches for the proposed work, and a 
description and justification of the solution. 

Included is a detailed cost estimate with reasonable 
escalation and contingency factors; a detailed 
construction schedule that takes into account program 
requirements, the availability of funds, construction 
seasons, etc; and, as applicable, plot plan drawings, 
schematics and equipment lists , real estate requirements, 
foundation requirements , erosion and pollution control 
and other environmental concerns, fire and safety 
requirements and other similar requirements. 

The PER is formatted as follows : 

Section I, Requirement Statement and Justification 
Section II, Descriptive Analysis 
Section III, Budget Estimates 
Section IV, Design and Construction Schedule 
Section V, Appendices to the Report Including 

Implementation Plan 

BUDGET ESTIMATES 

The budget estimate in the PER is obtained by 
applying appropriate factors to the engineering 
estimate . It is computed from the following formula : 

Budget Estimate - EE ( l . OO+CA) ( l . OO+C) (l . OO+SIES) 
where: 

EE An engineering estimate that represents the 
cost for materials , labor, services coupled 
with contractor overhead, profits, taxes, 
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insurance, etc. It is based on cost experience 
at a specific given point in time. Costs are 
developed from the drawings and draft 
specification prepared for the PER. 

Estimates cover all labor and material 
costs for each item in the project, including 
building- type collateral equipment that would 
usually be furnished by a contractor and 
installed as a permanent part of the building . 
The cost for processing and installing 
government-furnished 
equipment also is included in the cost 
estimates. All other collateral equipment is 
listed or grouped and the costs made part of 
the facilities project or work package . 

Estimates are based on current prices 
applicable to the site and preferably the 
latest price experience . Allowances for 
premium costs of an accelerated program, or for 
delays resulting from weather or strikes, are 
made When applicable. Not included in the 
engineering estimate are amounts for escala­
tion, contingencies, and supervision, inspec ­
tion and engineering services (SIES) . These 
factors are included separately as discussed 
below . 

Units of measure, quantities, and unit cost 
data are shown for each significant item that 
can be identified and quantified . 

CA - Cost adj ustment factor, which is a percentage 
factor to provide for anticipated cost 
escalation from the date of the estimate to the 
projected mid-point of the construction period. 
NASA headquarters provides field offices with 
cost adj ustment factors to be used in 
estimating (see discussion of guidance and 
criteria below);  however, field offices can use 
other escalation factors with j ustification. 

C Construction contingency percentage factor . 

SIES Supervision, Inspection and Engineering 
Services percentage factor . 
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GUIDANCE AND CRITERIA 

NASA field installations are provided with the 
publications listed below to assist them in the 
preparation of budget estimates. These publications are 
intended to provide basic guidance and criteria for the 
various phases of the building process, which include 
planning, budgeting, design, and construction. 

Bu4geting Administration Manual <BAH>. NH8 7400.1C. 
This manual, prepared by the NASA Comptroller, provides 
general guidance on budget formulation and execution. It 
is a compilation of instructions, procedures, and forms 
pertaining to the performance of the budget functions. 
The manual requires that project cost estimates be 
prepared on NASA Form 1510 which is used for the 
development of budgetary estimates. 

Facility Pro1ect Implementation HaD4book CfPIH). 
NHB 8 220.2. This handbook, prepared by the NASA 
Facilities Engineering Division, provides a ready 
reference to pertinent policy and guidance for the 
management of the building process which includes 
facility planning, budgeting, design, and construction. 
It is used by facility project managers who have direct 
responsibility for organizing, managing, and directing 
the project work to ensure that the needed facility is 
completed on schedule and within the approved funds. 

Facilities !ngiueering HandbOok CFEU> . NUB 7320.18. 
This handbook, prepared by the Facilities Engineering 
Division, provides guidance, policy, criteria, and 
standards to be used by the designers of NASA 
facilities. It is intended to achieve a reasonable 
degree of uniformity for the essential features of all 
facilities . 

Annual Cost Guidance. Each year NASA Facilities 
Engineering Division provides guidance to the NASA field 
installations on the cost escalation factor that is to be 
used in the development of their budget estimates of the 
forthcoming budget for submission to the Congress for 
authorization and appropriation. 
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6 

DEYELOPKENl OF BUDGET ESTIHATES FOR NEW 
CONSTRUCTION AND MAJOR RENQYATION 

PRQJECIS AT THE NATIQNAL INSTITQTES OF HEALTH 

John Pavlides 
National Institutes of Health 

Department of Health and Human Services 

Before a budget request for design and construction 
of new facilities or maj or renovation projects is 
submitted to the Office of Management and Budget , Public 
Health Service ( PHS) policy requires the completion and 
approval of a Program of Requirements ( POR ) .  This 
document j ustifies the proj ect and helps assure there is 
adequate consideration of programmatic, architectural, 
and engineering requirements. A project with a well 
defined scope is essential to the preparation of a cost 
estimate . The approach used by individual PHS programs 
to develop the budget cost estimate, based on the POR, 
varies. However, the procedures of the National 
Institutes of Health are fairly representative of the 
procedures of most PHS programs (including the Indian 
Health Service and the Food and Drug Administration) .  

The Facilities Engineering Branch of the Division o f  
Engineering Services of the National Institutes of Health 
(NIH) is responsible for preparing budget estimates for 
maj or new construction and renovation proj ects for NIH in 
Bethesda, Maryland. The Division also has respons ibility 
for new construction and for repair and improvement 
proj ects at NIH facilities in Montana, Florida, and North 
Carolina. 

Programs of requirements, if available, for maj or new 
construction and renovation proj ects are first reviewed 
with respect to similarity to previous construction or 
renovation proj ects. Consequently, if there is  great 
similarity, actual cost experience is the first 
comparison parameter. The Historical Cost Index in the 
Buildins Construction Cost Data Manual published by the 
R . S. Means Company (Kingston , Massachusetts) is 
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extrapolated to project the cost to the planned bid 
opening date. The City Cost Index in the same manual is 
used to adjust the construction cost estimate for 
geographic location. Other R. S. Means Company manuals 
( e . g. Site Work Cost Data and Square foot Costs) are used 
to check estimates and as a source of additional cost 
data. Consideration is also given to cost trends in the 
Building Cost Index of the En&ineerinc News Becord , the 
Smith Hinchman & Grylls 8uildin& Cost In4ex , and 
Richardson Engineering Services ' General Construction 
Estimatin& Stand&rds . Finally , the cumulative 
professional experience and judsment of the consultants 
in the Facilities Engineering Branch focuses on the 
estimate. The Branch forwards its estimate of this 
project cost to NIH top level management. 

28 . 

Copyright © National Academy of Sciences. All rights reserved.

Procedures Used by Federal Agencies to Prepare Budget Estimates for Construction
http://www.nap.edu/catalog.php?record_id=19184

http://www.nap.edu/catalog.php?record_id=19184


7 

BUPGEt ESTIHATINQ fROCEDYRES FOR NEW FACILITIES 
of the 

NAVAL FACIL!TIES ENGINEERING COMMANQ 

Get Moy and Dana Smith 
Naval Facilities Engineering Command 

BACKGROUND 

The Naval Facilities Engineering Command (NAVFAC) 
manages the planning, design, and construction of 
facilities for U. S. Navy shore activities around the 
world. NAVFAC is responsible for facilities material 
acquisition and support. It manages and maintains public 
works, family housing, and public utilities for the 
Department of the Navy . While NAVFAC Headquarters 
provides overall direction for these responsibilities, 
the tasks are actually accomplished by the Command ' s  
field activities : Engineering Field Divisions, 
Construction Battalion Centers, and Public Works Centers . 

The Engineering Field Divisions (EFD ) ,  of which there 
are six located across the United States, provide 
engineering support and services to the several hundred 
activities of the Navy shore establishment. The EFDs, 
working closely with NAVFAC Headquarters, are the site 
managers during the development and acquisition of new 
Navy facilities. NAVFAC ' s  military construction business  
for FY 19 8 6  is estimated at more than $2 . 5  billion . 
Virtually all of this work is in fixed price , 
competitively bid construction contracts awarded to 
private businesses. 

The Navy uses a methodological process to acquire 
facilities. Although the acquisition process , which runs 
from the time a need is identified through occupancy, may 
seem to consist of simple , smoothly connected phases , in 
reality it is very complex. Figure 4 identifies the 
ideal steps of the acquisition process from the planning 
stage, when a need is identified and a set of facility 
requirements is developed , through construction and 
occupancy. The facility requirements provide the basis 
for design , which in turn identifies construction 
requirements . 
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Budget estimating begins during the planning 
phase - - early in the acquisition process- -when facility 
deficiencies ( which translate into proj ect requirements) 
of the Navy are identified. The requirements for a 
facility must be identified prior to the start of the 
acquisition process. In addition, the planning process 
assures that the stated requirements for each proj ect 
will satisfy the customer ' s  needs and can be justified. 

NAVFAC ' s  budget estimating process is designed to : 
( 1) develop the best estimate for a valid facility 
proj ect using information available, ( 2 )  update that 
estimate as scope and design information becomes more 
refined, and ( 3 )  enhance cost- effective/cost - conscious 
facility designs throughout the acquisition process. 

PRELIMINARY BUDGET ESTIMATE 

The first step in developing an estimate for a 
proj ect in the military construction program is 
preparation of a Preliminary DD Form 1391 ( Figure 5 )  that 
states the proj ect ' s  requirements, scope, and cost. At 
this stage, the cost indicated on DD 1391  is only a 
preliminary figure that is used for planning purposes. 
It is not the final budget estimate that will be sent to 
the Congress. Sources of cost information used to 
prepare the preliminary estimate include : 

• Annual Department of Defense ( DoD) and NAVFAC cost 
guidance documents, which give unit costs and other cost 
information and definitions for "common" facilities like 
barracks, and warehouses. These guidance documents 
represent 

the policy statements of DoD and NAVFAC regarding 
construction investments . 

· 

• NAVFAC DM- 10, Cost Engineering Criteria and Cost 
Data. 

• NAVFAC Cost Engineering System and Historical Data 
Base . 

• Commercial publications such as Dodge and Means . 
• Recent actual bidding experience .  

Generally, preliminary cost estimates are based on an 
assumed award date of April 1 of the proposed proj ect 
fiscal year . Costs also are adj usted for location us ing 
DoD- approved area cost factors . 
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The basic methodology used in preparing the pre­
liminary cost estimates shown on the DD 1391 forms 
involves : ( 1 )  defining the scope of the proj ect in terms 
of some unit measure (square feet, square yards, kilo­
watts, etc. ) and ( 2 )  identifying the unit costs of each 
unit measure used. The source of these unit costs are 
the references cited above. The product of the unit 
costs and unit measures are used to determine an 
estimated cost of the proj ect. An example of these 
calculations on a completed form is shown in Figure 5 .  
When unit measures or unit costs are not available, lump 
sum estimates are used. Site development and overhead 
costs are added to arrive at an estimate of the total 
cost of constructing the project. 

The sum of the budget estimates for the proj ects to 
be carried out in a given fiscal year constitutes the 
Navy ' s military construction program (KCP) for that 
year. In order to provide time for various budget 
reviews and hearings, an KCP budget must be prepared 
approximately 20 months prior to the start of the year in 
which it will be carried out. Thus the preliminary 
estimates for the FY 1988 construction program were 
assembled in February 1986. With this lead time, 
changing market conditions can have a maj or impact on 
actual construction costs after budget estimates are 
submitted to Congress. 

Once an overall KCP budget is established, it is, for 
practical purposes set. The estimates for individual 
proj ect costs may change as a result of new requirements 
and new technical information (discussed below) .  NAVFAC 
tries to ensure that preliminary proj ect estimates are as 
accurate as possible . 

After the preliminary estimates are made, the 
requirements, priorities, and levels of investment for 
the proj ects in the program are reviewed by various 
organizations, including : 

• Engineering Field Divisions 
• The chains of command of the using activities 
• The Navy Comptroller 
• The DoD Comptroller 
• Congressional committees 
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FINAL BUDGET ESTIMATES 

The final budget estimate for a proj ect is prepared 
when the design of the proj ect is 35 percent complete. 
The final budget estimate is of critical importance 
because it is the estimate that goes into the President ' s  
budget, which is sent to Congress. In essence, when the 
Navy submits a final budget estimate it is stating that 
it can build the proposed facility for the estimated 
amount. 

To minimize the chance of error in the final budget 
estimate, the Navy generally does not request funding for 
proj ects with design is less than 35 percent complete . 
The 35  percent design includes the basic features , 
materials, and systems needed to meet the functional 
requirements of a facility and their estimated costs . 

Reference materials used to develop the 35  percent 
cost estimate include commercial publications , direct 
price quotes, and historical cost information. 

Once Congressional approval is received , NAVFAC 
proceeds to final design and construction of the 
facility. 

35  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

P rocedu res  Used  by  Fede ra l  Agenc ies  t o  P repa re  Budge t  Es t ima tes  f o r  Cons t ruc t i on
h t t p : / /www.nap .edu /ca ta log .php? reco rd_ id=19184

http://www.nap.edu/catalog.php?record_id=19184


Copyright © National Academy of Sciences. All rights reserved.

Procedures Used by Federal Agencies to Prepare Budget Estimates for Construction
http://www.nap.edu/catalog.php?record_id=19184

http://www.nap.edu/catalog.php?record_id=19184


8 

EARLY BUDGET ESTIKATING 
in the 

VEIEBANS ADKINISIRATION 

John J. Zamostny 
Office of Facilities 

Veterans Administration 

The Veterans Administration (VA) , unlike such 
agencies as the Army Corps of Engineers and the Naval 
Facilities Engineering Command, has no districts or 
divisions that develop cost estimates for maj or 
construction proj ects. The Cost Engineering Service in 
the VA' s  Office of Facilities is the sole preparer and 
reviewer of cost estimates for maj or VA construction 
proj ects. These estimates are subj ect to the approval of 
either the VA Proj ect Directors or the VA Associate 
Director for Architecture. Since only one office handles 
VA cost estimates for maj or proj ects, no pricing guides 
or cost criteria are issued to field stations. 

In the VA, the conceptual phase is the first 
construction planning and development effort by the 
Office of Facilities. During this phase the Office of 
Facilities coordinates with other VA departments to 
develop a data package that includes estimates of the 
proj ect ' s  scope, staffing, workloads , etc. These 
conceptual estimates generally are developed several 
years before construction is scheduled to begin. Usually 
three or more concepts and estimates are prepared. On 
medical proj ects the Department of Medicine and Surgery 
selects the concept to be developed through preliminary 
plans . 

During the conceptual stage, designers ( from either a 
private architect - engineer firm or the VA) prepare 
several alternative design concepts with block or 
schematic plans for each . The Estimating Service is 
asked to prepare a conceptual estimate for each 
alternative (see Table 1) . The most the estimator can 
expect at this early stage of development is general 
information on the proj ect scope ; e . g . , the probable 
gross area of new construction ( or renovation work) . The 
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Table 1 Conceptual Estimates for Seven Al ternative 
Des ign Concepts for a VA Proj ect 

Estimated Area (gross Sources of 
Concept Cost square feet)  Space 

A $168, 000, 000 690, 880 New Cons truct ion 
381 , 000 Renovation Work 
120, 000 Unchanged Space 

B $176, 000, 000 690 , 88 0  New Construc tion 
440, 900 Renovation Work 

60 , 000 Unchanged Space 

c $163, 500 , 000 1, 100 , 000 New Construction 

D $ 140, 000, 000 506, 764 New Cons truction 
501 , 500 Renovation Work 

E $111, 000, 000 471, 063 New Cons truc tion 
210, 148 Renovation Work 
291 , 352 Unchanged Space 

F $ 2 47 , 500, 000 1, 500 , 000 New Cons truction 

G $ 9 1 , 500 , 000 393 , 266 New Construc tion 
150, 000 Renovation Work 
351, 000 Unchanged Space 
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estimate for each alternative usually is based on the 
computed gross areas and applicable historical unit 
costs. The unit costs are adj usted for time and location 
and for any known specific factors that could influence 
proj ect costs, such as unique site conditions and special 
utility requirements. 

Conceptual estimates form the basis of the Statement 
of Anticipated Proj ect Cost Ranges ( SOAPs ) ,  which are 
part of proj ect submissions to the VA Administrator for 
his approval or disapproval. For the proj ect mentioned 
in Table 1,  for example , Concept D was selected and a 
cost range estimate of $133  million to $ 15 4  million was 
submitted. The Administrator ' s  approval is required 
before preliminary design work can begin. 

In January 198 4 ,  after the VA had experienced a 
number of " cost underruns" (that is , low bids being far 
below budget) ,  the Director of the Office of Facilities 
directed the Cost Engineering Service to use " discount 
budgeting. " This directive, which is still in force , 
requires the Estimating Service to establish construction 
proj ect cost targets that are at least 10 percent below 
historical costs for s imilar proj ects. The primary 
obj ective of the directive is to ensure that new VA 
facilities are not too lavish. At about the same time , 
the Office of Management and Budget published new lower 
escalation rates, which the Estimating Service began 
using when estimating for future work. The use of lower 
escalation rates and discount budgeting has resulted in 
better alignment of budget estimates , government 
estimates , and contractor bids on recent proj ects. This 
situation could change, of course, if inflation rates 
increase. 
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9 

SUHMATIQN 

The committee ' s  workshop on budget estimating 
revealed that the construction project budgets that 
agencies submit to Congress usually are prepared after a 
significant amount of design work has been performed ; 
consequently , they are fairly accurate. The military 
agencies, for example, ordinarily do not prepare a budget 
estimate until the design of a proposed facility is 
approximately 35 percent complete , at which point 
moderately firm decisions have been made regarding the 
nature and size of the facility to be constructed and the · 
types of systems to be used. The designs of most DoE, 
NASA , and VA facilities are at a comparable point when 
budget estimates for their projects are prepared. 
Generally , estimates prepared after some preliminary 
design work has been completed are based on published 
data on the cost of the systems to be used , which are 
quite accurate. 

Several of the agencies indicated that the really 
troublesome budget estimates are those prepared early in 
the preliminary planning process. Such estimates , which 
are sometimes referred to as preliminary estimates or 
planning estimates , are used for such purposes as 
preparing an agency ' s  overall construction program 
budget, establishing the scope of a project , and 
performing economic analyses to determine the feasibility 
of a project , or to select a general design concept . 
Preliminary/planning estimates , therefore, can have a 
major impact on the overall construction program of an 
agency and on the viability and success of individual 
projects. Thus, even though they do not go to Congress , 
such estimates need to be as accurate as possible . 
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However, because they are prepared early in the planning 
process, a high degree of accuracy is difficult to 
achieve. 

The presentations to the committee revealed both 
similarities and differences in the way agencies develop 
preliminary/planning estimates. The main similarity was 
that all agencies generally base such estimates on either 
unit costs (e. g. , dollars per square foot) or parametric 
costs (e. g. , dollars per bed for hospitals) using mostly 
historical data (i. e. , information from previous projects 
for similar facilities ) .  Among the differences found 
were the following : 

• Agencies with small construction programs 
generally rely on published cost manuals for historical 
cost data, whereas agencies with large programs generally 
develop and use their own historical data ; however, 
agencies with large programs also use the published 
manuals from time to time to develop estimates for 
facilities they do not regularly construct or as a check 
on their own data. 

• The military agencies follow a highly structured 
procedure for developing preliminary/planning estimates ; 
for example, their estimates must be reconciled with cost 
guidelines published by the Department of Defense. Other 
agencies do not have detailed procedures. 

• In some agencies field organizations and/or user 
organizations have primary responsibility for the 
preparation of preliminary/planning estimates ; in other 
agencies , responsibility is centralized in headquarters . 

• Some agencies (notably the military agencies) use 
computers to help prepare preliminary/planning estimates ; 
other agencies do not. 

• One agency ( DoE) sometimes uses a private 
estimating service to help prepare preliminary/planning 
estimates ; other agencies do not. However, one agency 
( PHS )  uses a cost guide that was prepared by a private 
firm. 

• One agency (VA) sometimes presents preliminary/ 
planning estimates in the form of a cost range ; other 
agencies provide single value estimates. 

Only one agency (the Air Force) reported on the 
results of any studies on the accuracy of estimating 
procedures. It is not known if the agencies failed to 
report on such studies because they had not undertaken 
any studies or because they were reticent to discuss the 
results. 
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