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Summary

The Navy has recently begun development of a new Optimal Shore
Footprint (OSF) strategy. The intent of this initiative is to develop an
enduring, top-down strategic approach to effectively balance mission
readiness, operational and fiscal efficiency, and innovation in order
to minimize the overall Navy shore infrastructure footprint.

To support this evolving OSF strategy, the Shore Readiness Division
of the Office of the Chief of Naval Operations (OPNAV N46) asked
CNA to develop a new consolidation return on investment (cROI)
programming tool. This new evaluation tool will be used to compare
submitted consolidation/demolition projects against each other in
order to select the best projects for programming. The Navy OSF
working group determined that project contributions to shore foot-
print reduction, facility mission criticality, facility category code utili-
zation improvement, facility condition rating, and facility age should
be measured, in addition to financial return on investment.

We expanded upon an earlier CNA-developed demolition return on
investment (dROI) evaluation tool in order to address the working
group’s recommendations. We added the following new metrics to
the original dROI tool:

• Footprint reduction

• Facility mission criticality

• Facility condition rating

• Facility age

The finished cROI evaluation tool is a single Microsoft Excel work-
book with 10 worksheet tabs and a hyperlink to the project DD Form
13911 scope write-up. We created the workbook with the idea that for
each new project the user will generate a new evaluation workbook
file and combine them into one folder for retention and future refer-
1



ral. We also created a simplified field version that the sponsor can dis-
tribute to shore installations for use while developing future
consolidation projects.

The cROI tool produces a financial return on investment (FROI)
threshold check—measured in years to payback—and a single consol-
idated project benefit ranking score that falls between zero and one.
A higher score reflects greater benefits in supporting the OSF strat-
egy. A higher score also means that the project is a better candidate
for programming.

We used several new concepts to improve the usability and accuracy
of the cROI tool. These include the following:

• Installation base operating savings are allocated to individual
facilities by plant replacement value (PRV) rather than by
square foot measures.

• We introduced the concept of using square foot equivalents to
measure footprint reduction. This conversion method allows
demolished facilities that are measured in units of measure
other than square feet to be changed to a square foot equiva-
lent measure. These facilities that were not measured in square
feet and were previously excluded are now included in the total
measure for footprint reduction.

• We generated the concept of using normal distribution curves
based on historical consolidation/demolition project execu-
tion results to normalize the current project’s scores.

• We provided for user-determined adjustable programming
levels for the FROI measure so that the anticipated cost avoid-
ances for sustainment (ST), facility modernization (FM), and
base operating services (BOS) can be adjusted to match cur-
rent programming levels.

1. The DD Form 1391 is the standard Department of Defense form used
to document the nature, location, scope, complexity, costs, and urgency
of a facilities project.
2



• We provided adjustable factor weights, which allow the user to
determine the amount of contribution allowed for each of the
six metrics within the final consolidated project benefit score.

We tested the evaluation tool on a group of 18 proposed consolida-
tion projects, which were provided to us by OPNAV. We found that
ten of the 18 projects would provide a good candidate pool of
projects. Even though, through use of this cROI tool, we can now list
these projects in descending order of benefit to the OSF strategy, this
is not enough to build future project packages for programming. The
tool does not offer a way of selecting which projects, when taken
together, will also meet budget and strategic requirements.

Therefore, we still need to apply market basket approaches, which
take into account available funding and other strategic consider-
ations for building actual fiscal year programs. We provide some addi-
tional background information on how to use the cROI project
evaluation tool with revealed preference/market basket approaches
for developing program packages from suitable discrete investment
projects.

In considering our results, we provide five recommendations relating
to the future use of the cROI evaluation tool.

• Develop a process that facilitates the identification of more and
better consolidation projects.

• Use the OSF process to support more direct development of
consolidation projects.

• Continue to work on improving the individual factor weights.

• Update the cROI tool as future projects are completed by
expanding the normalization table.

• Consider future modification of the project evaluation process,
including a revealed preference/market basket approach for
program generation.
3
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Introduction

Given the current economic conditions in the United States and the
budget constraints placed on the Department of Defense (DOD), the
Navy must be more adept in aligning its operational force structure
with its shore infrastructure in order to achieve the current Maritime
Strategy. The Navy’s infrastructure must be carefully studied, and the
Navy must ensure that it is properly sized and configured to support
present and future needs without supporting unnecessary additional
capacity.

To that end, the Navy is looking to eliminate all unnecessary shore
infrastructure in an effort to reduce the long-term costs associated
with base operating expenses, sustainment, and restoration. However,
the Navy wants to take a prudent and rational approach to eliminat-
ing unneeded infrastructure. It would like to eliminate excess while
still preserving the capability for any potential surge needs. 

Background

The Director, Shore Readiness Division, OPNAV N46, tasked CNA to
develop a robust, quantitative procedure for evaluating consolidation
projects and determining, with a mathematical decision-support
approach, the set of consolidation projects that should be recom-
mended for funding. 

Research approach

In addition to including the standard FROI metric that is commonly
used in the private sector to evaluate capital budgeting decisions, N46
has asked CNA to include additional metrics and criteria in the eval-
uation process. Beyond FROI, the Navy must consider other factors
in its decisions about where to reduce the shore infrastructure.
Whereas private corporations are focused on maximizing stock-
5



holder wealth, the Navy’s investment decision criteria must include
factors related to its mission (i.e., securing the high seas and support-
ing war operations).

These additional factors are related to the Optimal Shore Footprint
(OSF) strategy, which states that the shore footprint must incorporate
mission effectiveness, operational and fiscal efficiency, and technical
innovation into the decision process. The central goal of OSF is to
meet the required shore facilities at minimal cost.

Although the OSF concept is still in its infancy, the basic premise of
the effort is to better align shore assets with the overall mission of the
Navy. This includes developing systems that provide managerial deci-
sion-makers with real-time information on the status of all facilities in
the naval inventory. This leads to better decisions when allocating lim-
ited resources to sustainment and restoration efforts. 

Altogether, the Navy identified six criteria that should be incorpo-
rated into the process of determining which consolidation projects
should be funded. These six criteria are:

• Financial return on investment (FROI)

— FROI is based on the estimated annual reduction in sustain-
ment (ST), modernization (FM), and base operating sup-
port (BOS) divided by project cost. This is termed the
simple payback period in financial language.

• Footprint reduction

— This is the net reduction in shore footprint quantity as mea-
sured in square foot equivalents (SFE).

• Mission criticality

— This identifies the average mission dependency index
(MDI) of the facilities being demolished.

• Utilization improvement

— This measures the degree of installation capacity utilization
improvement in terms of reducing unneeded capacity.
6



• Condition improvement

— This notes the average condition rating of the facilities
being demolished.

• Facility age reduction

— This measures the average age from initial construction of
the facilities being demolished.

The purpose of this project is to develop a method for identifying the
optimal subset of all consolidation projects submitted by the installa-
tions. By optimal, we mean that the projects selected, as a portfolio,
should be such that collectively they maximize some overall objective
function while the total expenditure for all selected projects remains
within the available budget. 

In FY 2009, CNA developed an optimization model for the Director,
Shore Readiness Division (N46), that focused specifically on demoli-
tion projects [1]. In that project, our goal was to develop a model that
would identify the optimal set of demolition projects that should be
funded so as to maximize the net present value (NPV) of savings from
the selected projects given the levels of funding available for demoli-
tion projects. The model was also capable of determining the optimal
set of projects to fund if the objectives were to maximize the total
reduction in square feet of excess capacity. From a purely financial
viewpoint, the only driver should have been the NPV of savings, but
the Navy also wanted to reduce its actual shore footprint by eliminat-
ing unneeded capacity. 

In that previous effort, we studied the characteristics of the demoli-
tion projects submitted by the installations. Included in each project
submission was (1) the net reduction in square footage if the demoli-
tion project was undertaken and (2) the estimated NPV of savings
from the project. If the footprint reduction for the demolished facil-
ity was measured in something other than square feet, that measure
was only recorded on the project submission and not included in the
analysis. In that previous study, the problem was to determine, in
some manner, the optimal set of demolition projects to undertake
given the available budget. We recognized that we were looking at a
traditional “knapsack problem,”2 where there are two separate objec-
7



tive functions to consider. The knapsack problem is normally charac-
terized as a maximization, 0 to 1 integer programming problem,
where there is a single constraint and the values for the decision vari-
ables can only assume the value of 0 or 1 in any solution. If the vari-
able assumes the value of 1, it implies the project is selected for
funding; however, if the variable assumes the value of 0, it implies the
project was not selected to be funded.

The first objective function used to determine the set of demolition
projects to undertake was that of maximizing the total NPV of savings
across all projects. The optimization problem solution set consists of
those projects that should be selected for funding based on their total
NPV of savings. We then allowed the available budget to vary over a
range of values to assess how the optimal mix of projects would
change for given changes in the funding availability. 

The second objective function considered was to maximize the total
square footage of excess capacity eliminated over all projects selected
for funding. Note there is a positive relationship between the NPV of
a project and the net reduction in square footage; projects that yield
a large NPV in savings are also likely to eliminate a large amount of
excess square footage. However, the choice of demolition projects to
fund under the criterion of maximizing excess inventory turned out
to be different from the set of projects that had an objective of maxi-
mizing the total NPV in savings.

To reconcile the two different project selections in that earlier effort,
we combined the two objective criteria using a multi-criteria
approach. The two respective criteria were assigned weights (with the
weights summing to 1), and the problem was resolved. In that analy-
sis, the weights were allowed to vary, and, in this manner, decision-

2. The traditional knapsack problem is a statistical problem in combinato-
rial optimization: Given a set of items, each with a weight and a value,
we determine the count of each item to include in a collection so that
the total weight is less than or equal to a given limit and the total value
is as large as possible. It derives its name from the problem faced by
someone who is constrained by a fixed-size knapsack and must fill it with
the most useful items. This problem often arises in resource allocation
with financial constraints.
8



makers could parametrically determine how the set of projects
selected for funding changed as the weights for the two objective
functions changed.

Issues

In this current project, the problem structure is identical to that pre-
vious effort, except that OPNAV N46 now requests that six decision
criteria be considered instead of just two. The problem is similar in
that there is a fixed budget available to fund consolidation projects.
However, the process to determine which set of consolidation
projects to fund so as to maximize the overall objective (that is now
an aggregation of six individual criteria) is different. The structure of
this new problem is called a multiple criteria knapsack problem. The
overall knapsack problem is characterized by there being a single
constraint; the constraint in this problem is a limited budget.

To summarize, selecting the set of consolidation projects to fund is an
optimization problem whereby the decision-maker wishes to maxi-
mize the total value of the projects selected subject to budget restric-
tions. The difficult part of the problem is in how to construct a
function that constitutes the overall value of the selected projects
since there are six criteria being used to evaluate projects and these
six criteria must all be weighted together to form a single objective
function. 

Organization of report

This report is organized into eight sections. First, we describe those
characteristics of a consolidation project that are attractive from a
strategic viewpoint. This gives guidance to installation personnel who
develop potential projects. Next, we describe the factors that are used
to evaluate projects submitted for review. In these descriptions, we
include the required project data inputs, how the factors are calcu-
lated, and how each factor is incorporated into the final decision. We
next discuss how, for each factor, we transform the observed value for
the factor to an index that allows for a common measurement scale
for each of the six factors included in the decision-support system.
Specific data from 18 submitted projects are presented and the factor
9



scores are given for each project. We then provide background infor-
mation on revealed preference and market basket analysis to show
how the problem may be cast as a multiple criteria knapsack problem
once the Navy has evaluated the other available consolidation
projects. This allows each factor to be incorporated into the objective
function via a weighting scheme, and selection of the best mix of
projects can be made based on the funding available. Lastly, we
present our recommendations, discussing how N46 can use the
model to develop an optimal set of consolidation projects to fund.
10



What is a consolidation project?

The Navy programs two different types of facilities projects: military
construction projects and special projects. The difference between
these two types of projects is related to size. Military construction
projects are larger and need congressional budget line item approv-
als prior to their execution. Special projects are programmed as a
lump sum budget item and approval for execution lies within the
Navy. There are several kinds of special projects; they are categorized
by the preponderance of work type performed. The following is a list-
ing of the different types:

• Repair

• Construction

• Maintenance

• Equipment installation

These work types are funded under the following investment
accounts:

• Restoration and modernization (RM)

• Sustainment (ST)

• Demolition (DE)

• New footprint (NF)

A consolidation project can be either military construction or a spe-
cial project, and any or all of the above work types can be included
within its scope; however, the majority of the work is normally demo-
lition.
11



Purpose of consolidation projects

Consolidation projects are used to relocate personnel and equipment
from underutilized and usually deficient facilities to other facilities.
Consolidation projects include restoration, modernization, and pos-
sibly some new construction to prepare the new space. This is done in
order to allow the previously occupied facilities to be demolished.

Development of new consolidation projects is not easy and can be a
time-consuming process. There are many possible alternative scopes
to select from since there is no single need driving the requirement
to focus the project development. Balancing the trade-offs between
elimination of underutilized facilities and the provision of new or
restored spaces can be challenging. It often requires working with
current facility tenants who have had the past luxury of extra space or
their own dedicated facilities. An effective consolidation project often
requires them to move to much smaller spaces and to share facilities
with other organizations. Therefore, development of successful con-
solidation projects requires significant care and attention to scope
content.

Building a successful project

This section provides a general description of the characteristics of a
consolidation project that would likely be a strong candidate for
funding. That is, the project will yield results that support the Navy’s
OSF strategy. 

It is important to consider each of the six factors that are used to eval-
uate consolidation projects.

• Financial return on investment (FROI)

— FROI is the measure of the annual reduction in ST, FM, and
BOS costs against the cost of the project. FROI can be mea-
sured in two ways. First, it can be measured in terms of
simple payback, which refers to the number of years
required to recoup, in savings, the amount of money spent
on the project. Second, it can be measured in terms of the
NPV of the savings less the initial consolidation project cost.
12



• Footprint reduction

— Footprint reduction is the net reduction in shore footprint
quantity as measured in square foot equivalents (SFE). The
newly constructed facilities SFE are subtracted from the
sum of the demolished facilities SFE.

• Mission criticality 

— Mission criticality refers to the value of the mission sup-
ported by those demolished facilities affected by the consol-
idation project. It is calculated by averaging their mission
dependency index (MDI) ratings.

• Utilization improvement 

— The utilization improvement metric focuses on measuring
the degree of installation capacity utilization improvement
in terms of reducing unneeded capacity within each facility
category code.

• Facility condition

— Facility condition refers to the physical condition of the
facilities demolished by the consolidation project. It is cal-
culated by averaging their facility condition index ratings.

• Facility age

— Facility age refers to the average actual age of the facilities
demolished by the consolidation project. It may be more
desirable to eliminate older facilities than newer ones. 

Given the above criteria, we prescribe a set of guidelines for develop-
ing consolidation projects that yield positive results. Initially, installa-
tions should look for facilities that are expensive to maintain and
have a significant amount of deferred maintenance. This also coin-
cides with a facility that will contribute to a reduction in shore foot-
print and total PRV. Facilities that are scheduled for demolition in a
consolidation process will most likely be occupied, and, if these facil-
ities are demolished, personnel will need to be relocated. Projects
where the amount of additional facility restoration or consolidation
13



costs needed to relocate the displaced personnel is small are more
attractive consolidation projects.

Buildings that are underutilized should also be considered for a con-
solidation project. Underutilized buildings often have low MDI values
and poor condition ratings. These factors help to identify buildings
or facilities that are good candidates for inclusion in consolidation
projects. 

Policy-makers are also interested in reducing the visual footprint of
facilities at naval installations. In particular, the Navy is interested in
identifying and eliminating those facilities that contribute the most to
the overall shore footprint. Therefore, large facilities represent good
candidates for inclusion in a consolidation project.

To summarize, attractive consolidation projects should consist of
large, underutilized facilities that are high in cost, expensive to oper-
ate and maintain, are in poor condition, and have low MDI scores. In
addition, attractive consolidation projects should consist of more
demolition work and less new construction since the overall goal is to
reduce the shore footprint.
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Project evaluation factors

In coordination with the OSF task force, we developed six evaluation
factors in the cROI programming tool to be used to compare consol-
idation projects that have been submitted by the Commander, Navy
Installations Command (CNIC) regions:

• Financial return on investment (FROI)

• Footprint reduction

• Mission criticality

• Utilization improvement

• Condition improvement

• Facility age improvement

Financial return on investment (FROI)

FROI is a measure that compares the initial cost of a consolidation
project with the long-term savings that occur after the project is com-
pleted. This calculation creates a metric representing a project’s pay-
back period in years. The shorter the payback period, the better the
project.

Project data inputs

Current working estimate (CWE) is the total project cost from the
project DD Form 1391.

The annual sustainment cost requirements are found in the current
Office of the Secretary of Defense (OSD) Facility Sustainment Model
(FSM) for each demolished facility. The percentage of the FSM
output programmed by the Navy is used to calculate the estimated
annual sustainment cost savings for each demolished facility.
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The annual facility modernization cost requirements come from the
OSD Facility Modernization Model (FMM) for each demolished facil-
ity. The percentage of the FMM model output programmed by the
Navy is used to calculate the estimated annual modernization savings
for each demolished facility.

The annual BOS costs for the base come from the Navy’s certified
financial reports from the end of the previous fiscal year. The total
base PRV supported by Navy operations and maintenance is found in
the Internet Navy Facility Asset Data Store (iNFADS). The PRV and
size of each facility demolished by the project also comes from
iNFADS. Dividing the total base annual BOS costs by the total base
PRV creates a BOS$/PRV$ factor. This factor is then multiplied by the
demolished facility’s PRV. This yields an estimated annual BOS cost
savings for the demolished facility. 

Factor calculations

The sum of the estimated annual ST, FM, and BOS savings for all the
demolished facilities is divided into the project’s CWE to determine
the project’s FROI in years.

Results measure

The FROI is measured in years.

Footprint reduction

Footprint reduction is a measure of the size of the facilities that are
demolished by a consolidation project, reduced by the size of any
facilities built by the project. The larger the amount of facilities elim-
inated, the better the project.

Project data inputs

The total square feet (SF) for base facilities measured in SF and the
total PRV for all base facilities measured in SF are extracted from
iNFADS. This total PRV amount divided by this total SF creates a
square foot equivalent (SFE) conversion factor for that specific base.
16



The total area for all facilities, by unit of measure (UOM), demol-
ished by the project, and the total PRV for these facilities also comes
from iNFADS.

The SFE conversion factor is multiplied by the PRV of the demolished
facilities to obtain an SFE number. These individual amounts mea-
sured in SFE are added together with the facilities measured in SF to
provide a total SFE reduction quantity. The total SFE for newly con-
structed facilities comes from the project DD Form 1391. The input
includes these newly constructed facilities, but not renovated ones.

Factor calculations

To obtain the net footprint reduction for the project, the total
amount of new facilities built (if any) is calculated in SFE and sub-
tracted from the total amount of any facilities demolished.

The amount of facilities demolished is calculated by adding the SF of
any demolished facility, measured in SF, to the SFE of any demolished
facility, measured in units other than SF. The SFE is calculated by mul-
tiplying the demolished facility’s PRV by the base’s SFE conversion
factor.

The amount of new facilities built is calculated by adding the SF of
any new facility, measured in SF, to the SFE of any new facility, mea-
sured in units other than SF. SFE is calculated by multiplying the new
facility’s PRV by the base’s SFE conversion factor.

Results measure

The footprint reduction factor is measured in SFE.

Mission criticality

Mission criticality is a measure of how dependent base missions are
on the facilities being demolished by the consolidation project. The
less critical the facilities are, the better the project. 

Mission criticality uses the MDI rating, which is a number between 1
and 100 that is assigned to each facility by base personnel and
17



approved by the Installation Commander. The MDI reflects the
importance of the facility to the base’s mission performance.

Project data inputs

The MDI rating and PRV amount for each demolished facility comes
from iNFADS.

Factor calculations

This factor is calculated by multiplying each demolished facility’s
MDI rating by its PRV amount. These are added together and the
total is divided by the total PRV for all the demolished facilities in
order to calculate a PRV-weighted average MDI rating for the project.

Results measure

Mission criticality is a number from 1 to 100 that represents the PRV-
weighted average MDI for the demolished facilities.

Utilization improvement

The utilization improvement is a measure of the portion of a facility
type’s “available” facilities at a base that are demolished by the consol-
idation project. The larger the elimination, the better the project.

Available facility amounts are determined in the Navy’s facility plan-
ning process; for each facility category code (CCN) at a base, the total
amount of facility assets available is compared with the total require-
ment for these assets at the base. If the available assets exceed the
requirement, then the difference is the available facility amount. This
is measured in the UOM for that CCN. This is an interim metric
pending implementation of the new Naval Facilities Engineering
Command (NAVFAC) utilization factor.

Project data inputs

The size, CCN, and PRV for each facility demolished by the project is
obtained from iNFADS. 
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The amount of “available” facilities at the project’s base for each of
the project’s CCNs is obtained from iNFADS.

Factor calculations

The facilities being demolished are grouped by CCN. The total
demolished size for that CCN is calculated by adding the SF or SFE
for each facility. The total demolished size is divided by the amount
of available facilities for that CCN in order to calculate a ratio that
represents the portion of that CCN’s available facilities that are elim-
inated by the project.

The individual CCN ratios are each weighted by the project’s total
PRV for that CCN. These weighted ratios are added together and
divided by the total project PRV for demolished facilities in order to
determine a PRV-weighted average of available facility reduction.

Results measure

The utilization improvement factor is the PRV-weighted average per-
centage amount of available facility reduction.

Facility condition improvement

The facility condition improvement factor is a measure of the current
condition of the facilities being demolished by the consolidation
project. The poorer the condition of the eliminated facilities, the
better the project. 

The facility condition improvement factor, which is a number
between 1 and 100, uses the facility condition index rating for each
facility.

Project data inputs

The facility condition index rating and PRV for each demolished
facility are obtained from iNFADS.
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Factor calculations

The condition rating for each demolished facility is multiplied by the
facility’s PRV. These are added and the total is divided by the total
PRV of all the demolished facilities in order to determine a PRV-
weighted condition rating.

Results measure

The facility condition improvement is a number from 1 to 100 that
represents a PRV-weighted average condition index for the demol-
ished facilities.

Facility age improvement

The facility age improvement is a measure, based on the original con-
struction date, of the age of the facilities being demolished by the
consolidation project. The older the demolished facilities are, the
better the project.

Project data inputs

The original year of construction and PRV for each demolished facil-
ity are found in iNFADS.

Factor calculations

For each demolished facility, the age is calculated by subtracting the
original construction date from the current year; this age is multi-
plied by the facility’s PRV. These are added together and divided by
the total PRV for all demolished facilities in order to determine a
PRV-weighted average facility age for the project.

Results measure

The facility age improvement factor is the PRV-weighted average age
of the facilities demolished by the project.
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Normal distribution conversion

As discussed in the previous section, there are six different metrics
that define each of the projects. These metrics are measured in a vari-
ety of units and the range of each metric is vastly different. Therefore,
to calculate a single project score, each metric must be standardized
to the same scale. In this section, we describe how we do this.

Theory

To standardize, we convert each metric to an index number by assum-
ing a distribution for each of the metrics. We assume that the mission
criticality, utilization improvement, condition improvement, and
facility age improvement metrics are from a normal distribution and
that the footprint reduction and FROI metrics are log normally dis-
tributed. Assuming that the footprint reduction and FROI metrics are
log normally distributed is equivalent to assuming that the natural log
of each metric is normally distributed. So, from this point forward we
do not differentiate these metrics from the other four. We made these
distributional assumptions after analyzing the means, standard devia-
tion, ranges, and histograms of each metric.

After calculating the metric value for each project, we found the
index number by evaluating the baseline cumulative normal distribu-
tion at the metric value. This methodology makes intuitive sense since
each index number is the probability that the metric is greater than
another random metric value. This method is also very convenient
because a normal distribution has two parameters, mean and stan-
dard deviation, that are simple to calculate. Additionally, a normal
distribution has a range that covers all real numbers, which makes
this methodology compatable with the introduction of new projects.
Sometimes, new projects have metrics that are vastly different from
previous project submissions and fall outside the current standardiza-
tion range. The more common linear scaling transformation tech-
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niques do not easily accommodate out-of-range values. The full range
of the normal distribution allows the metrics to be converted to index
numbers for any possible new project.

In using this technique, we gain a flexible, intuitive, and computa-
tionally simple way of combining multiple metrics into a single
project score. In summary, there are three main advantages to assum-
ing each metric is distributed normally:

• The method is flexible (or robust to the introduction of new
projects). Normal distributions do not have minimum or max-
imum values, so all potential projects and their metric values
can be evaluated.

• The method produces index scores that have an intuitive ana-
lytical interpretation. The index score is the probability that
another project will have a metric lower than the current
project. For example, an index score of 0.7500 implies that
there is a 75-percent chance of another metric being smaller
than the current project.

• This method is computationally simple; it is easy to fit a normal
distribution to the data. One need only calculate a mean and
standard deviation of the previous project metrics, and then
use the normal distribution functions that are built into most
software packages to calculate the index score.

Application

We used the results from 210 programmed FY 2009 and FY 2010 dem-
olition projects to calculate the baseline normal distribution for each
metric. We calculated the new metrics for each of the previous dem-
olition projects and used these values to generate a sample mean and
standard deviation for each measure to use as the parameters for
establishing the baseline normal distributions. Since there are six
metrics, there are six different baseline normal distributions. The
current consolidation metrics are then evaluated with their baseline
22



distributions. Table 1 provides a sample mean, standard deviation,
and coefficient of variability for each metric. 

The coefficient of variability is equal to the standard deviation/mean
and reflects the degree of variation within a metric distribution. A
value higher than 1.000 indicates a high degree of variance within the
distribution. In this case, only utilization displays a variability coeffi-
cient higher than 1.000; therefore, the consolidated score result is
more sensitive to equal swings in utilization value when compared
with the other metrics.

Metric conversion example

Here we give a simple numerical example of how the metric is con-
verted into an index number. Assume that the weighted average facil-
ity age metric for a consolidation project equals 59.5 years. Assume
also that the average of the facility age metrics for all the baseline
demolition projects is 57.4 years and that the standard deviation for
this sample of metrics is 20.6. The index value for the consolidation
project equals the cumulative distribution of a normal distribution
with mean 57.4 and standard deviation 20.6 evaluated at 59.5. This
equals 0.541, which means that if one were to pick another facility age
metric at random, there is a 54-percent chance that the random
number would be lower than 59.5 years. Therefore, by this methodol-
ogy, the metric is transformed into a standard index value that shows
the size of the metric in probability terms.

Table 1. Normalization table mean, standard deviation, and variability 
results

Metric Measure Mean
Standard 
deviation Variability

FROI Natural log 1.560 1.022 0.655
Footprint Natural log 9.330 1.718 0.184
Mission Weighted average 41.621 25.400 0.610
Utilization Weighted average 0.326 0.344 1.055
Condition Weighted average 64.838 18.523 0.286
Age Weighted average 57.385 20.550 0.358
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Note that since the mean for both FROI and footprint reduction were
both close to zero, as shown in figures 1 and 2, we had to utilize the
natural log of the raw score to achieve a better normalization curve. 

Figure 1. Normalization table FROI distribution
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When we use the natural log function to convert the raw scores, a
value less than one will result in a negative result. This only happens
with FROI as several projects had a payback of less than a year. The
negative scores do not bother the normalization because we calculate
the area under the curve to obtain the result.

Figure 2. Normalization table footprint reduction distribution
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Figures 3 through 8 provide distribution histograms for each of the
metrics within the sample set.       

Figure 3. Normalization table FROI natural log distribution
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Figure 4. Normalization table footprint reduction natural log distribution

Figure 5. Normalization table MDI distribution
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Figure 6. Normalization table utilization improvement distribution

Figure 7. Normalization table condition rating distribution
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Using these normalization curves allows us to convert the raw scores
into compatable normalized scores between zero and one. Since we
want the measure of positiveness to be 1.0, we take the inverse area
measure for FROI, mission dependency, and condition rating so that
they are consistent with the other benefit measures. We can then con-
solidate these measures into one overall score with user-provided
factor weights.

The distributional assumptions and baseline data show one limitation
of this approach. The mission and condition metrics are necessarily
constrained to values between 0 and 100, and the utilization metric is
constrained between 0 and 1. As previously mentioned, the normal
distribution allows for a full range of values, so the actual range of the
metrics and the normal distribution range do not match exactly.
However, one feature of the normal distribution is that the probabil-
ity of any value more than three standard deviations away from the
mean is so small as to be trivial for practical purposes. The limitation
of our method is that fitting a normal distribution to these baseline
metrics produces distributions where there is some non-trivial proba-

Figure 8. Normalization table facility age distribution
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bility outside the range of the metrics. For example, the baseline mis-
sion metric has a mean of 41.6 and standard deviation 25.4. Based on
these values, the normal distribution assumptions places non-trivial
probability on the range [-34.6, 117.8]. Since the lowest raw value pos-
sible is zero, the net effect is a reduction of the benefit score range
from [0, 1] to [0, 0.9494]. If the mean becomes higher and/or the
standard deviation tighter with the addition of new projects to the
normalization table, this benefit score truncation effect goes away.

This limitation could be relaxed by assuming a different distribution
for these metrics. However, we feel that the normal distribution
assumption is the practical choice in this case because choosing
another distribution with truncation would greatly complicate the
normalization process without providing many benefits. For the con-
dition and mission metrics, three standard deviations away from the
mean does not extend very far beyond the [0, 100] range. Therefore,
a different distributional assumption would not drastically change
any results. 
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Programming tool structure

Each consolidation project candidate should be evaluated with a sep-
arate algorithm/worksheet so that it can be linked to the project DD
Form 1391 scope of work and cost estimate. In addition, each metric
should be calculated on a separate worksheet and linked to an overall
summary worksheet. This will help provide the programming tool
with the following attributes: clarity of metric evaluation, complete-
ness in necessary evaluation data, and simplicity in composite score
calculation.

Model framework

We use Microsoft Excel workbooks to structure the programming tool
and standardize the formatting as much as possible in order to mini-
mize adjustments to the worksheet. Figure 9 provides a concept flow
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diagram of how the different elements of the project evaluation link
together. 

The necessary facility evaluation information is extracted from the
project data worksheet, which feeds the six evaluation factor work-
sheets. The individual benefit scores are automatically transferred to
the summary sheet, which applies the user-supplied factor weighting
in order to generate a ROI composite score. A hyperlink on the sum-
mary sheet quickly opens the project DD Form 1391 scope of work for
reference. The normalization worksheet provides the mean and stan-
dard deviation from previous projects to each of the factor sheets in
order to index the raw factor benefit scores into an index that is com-
patible with the other factor indexes. Finally, a documentation work-
sheet contains the model version and information sources.

Figure 9. Project worksheet layout
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Worksheets

To evaluate the model we chose special project RM09-2831, “Consol-
idation to M207 and demolition,” which was submitted by Naval Sta-
tion Guantanamo Bay, Cuba. The first worksheet in the model is the
summary worksheet. Figure 10 shows an example of this sheet. 

Figure 10. cROI programming tool—project summary sheet
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Figure 11 shows the first factor benefit score evaluation: FROI. 

Each of the six factor worksheets is divided into inputs, calculations,
and results. This sheet calculates both the five-year NPV and the
simple return on investment ratio in terms of years to investment
recovery. The normalization chart is a visual representation of where
the project’s FROI value falls in comparison with the mean for past
projects included in the normalization table. In this case, a lower
value (i.e., shorter ROI) is better. The shaded area is equal to the
financial benefit score value. The total area under the normalization
curve is equal to one.

Figure 11. cROI programming tool—project financial sheet
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The next factor benefit calculation relates to shore footprint reduc-
tion. Figure 12 shows an example of this worksheet.  

In the past, structure and utility demolitions were not given credit for
removal since they were not measured in SF. To address this short-
coming, we introduce the concept of square feet equivalents (SFE).
Facilities measured in SF at the host installation have their total SF
divided into that year’s PRV for those facilities. This conversion ratio
is multiplied by the other UOM total PRVs in order to calculate the
SFE for each. This allows us to sum the footprint reduction area for
all demolished facilities into a total SFE number for evaluation.

Figure 12. cROI programming tool—project footprint reduction
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The next factor worksheet uses the average (weighted by PRV) MDI
to assess the mission importance of the facilities being demolished.
Figure 13 provides an example of this worksheet.

The next factor benefit rating sheet, shown in figure 14, reflects a
more complicated calculation process. In this case, we need to evalu-

Figure 13. cROI programming tool—mission importance
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ate the utilization improvement on the facility CCNs rather than on
individual facilities. 

The demolished facilities have to be organized by CCNs and summed
in order to compare with the amount of available space within that
CCN at that installation. The raw score is a percentage of total avail-
ability within that CCN reduced by the total demolished available
footprint. This PRV weighted reduction percentage is then converted
to a utilization benefit score. We note that NAVFAC is currently devel-
oping a new approach for measuring facility utilization, so this metric
is considered temporary until the Navy selects a different methodol-
ogy.

Figure 14. cROI programming tool—utilization improvement
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The next factor worksheet calculates the facility condition rating
weighted by PRV. This is one of the more straightforward calcula-
tions; it provides insight into the condition of the demolished facili-
ties prior to disposal. Figure 15 provides an example of this
worksheet. 

Figure 15. cROI programming tool—condition assessment
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The final factor evaluation worksheet, which is shown in figure 16,
provides the average age (weighted by PRV) from initial construction
for the demolished facilities. 

The next worksheet contains the facility data that were used as inputs
for the factor benefit worksheets. Figure 17 provides an example of

Figure 16. cROI programming tool—age
39



this worksheet. It lists all facilities affected by the consolidation
project and captures the relevant information for the workbook. 

The final two worksheets are reference worksheets that do not have
to be edited once they are set for the year. The first is the normaliza-
tion table, which includes the data from previously completed demo-
lition projects. This information allows us to calculate a normal
distribution curve and normalize the new project raw values. Figure

Figure 17. cROI programming tool—facilities data file
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18 is a screenshot of this worksheet. The worksheet can be expanded
each year to include new executed projects. 

Because we used most of the Navy’s FY 2009 and FY 2010 demolition
projects to populate the initial baseline, we show a shortened version
of the large table. The normalization table worksheet contains the
control data fields to build the normalization graph indicators that
are located on each benefit score worksheet. These tables use the
metric mean and standard deviation to build a standardized normal-
ization curve that shows the relationship of the current project metric
to the mean. There is one control table for each metric. None of the
tables in the normalization worksheet require user input or manipu-
lation after the previous year’s project values are appended to the
existing list.

The final worksheet is a documentation sheet. It provides reference
information to inform the users which version of the model they have

Figure 18. cROI programming tool—normalization table
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and which data sources were used as inputs for this evaluation. Figure
19 provides a sample model documentation sheet.

A user guide is provided in appendix A, which goes through the steps
for updating the model version, completing the worksheet, and eval-
uating the results. We also developed a field version of this model.
That version does not link to the DD Form 1391 project file or
include the additional facility demographic information that is
related to the installation. Neither the form nor the additional demo-
graphic information are essential for calculating the benefit rating.
The sponsor’s intention is to provide this version of the model to the
installations to assist them with development of more robust consoli-
dation projects. Electronic copies of both models are included in
appendix B.

Figure 19. cROI programming tool—model documentation
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Sample rating

To build and test the cROI model, we used information from consol-
idation project RM09-2831, “Consolidation to M207 and Demoli-
tion,” submitted by Naval Station Guantanamo Bay, Cuba. This
project proposes to renovate and convert building M207, which for-
merly supported a close battle trainer, into an administrative office
facility. It also proposes consolidating the personnel from 13 smaller
facilities; those buildings can then be demolished. The project scope
is dated July 12, 2009, and is estimated to cost $4,461,000.

Table 2 provides the evaluation results for each of the six metrics used
to calculate the ROI composite score for the project. 

This evaluation indicates that this project is an excellent candidate
for programming in FY 2014 as its life-cycle cost return is less than the
threshold of 6.0 years for payback. In addition, it has a large footprint
reduction amount, an average category surplus reduction, and an
average age of facilities demolished. The only areas that should be
discussed with the project sponsor are the relatively high MDI and
condition rating of the facilities being demolished. This will allow for
validation of the MDI and condition rating scores within iNFADS.
However, overall this project will compete well for programming
because of its above average composite total score.

Table 2. RM09-2831 project evaluation results

Metric Raw value Benefit score Weight
Benefit 

contribution
Financial 4.38 years 0.5320 49.4% 0.2628
Footprint 67,409 SFE 0.8510 34.8% 0.2962
Mission 70 0.1305 4.9% 0.0064
Utilization 29.0% 0.4579 0% 0.0000
Condition 79.0 0.2221 10.9% 0.0242
Age 59.6 years 0.5436 0% 0.0000
Composite total score 0.5896
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Multiple project example

OPNAV N46 gave us a list of 18 candidate consolidation projects (14
special projects and 4 military construction projects) to evaluate
using this new tool. Table 3 provides the results of our evaluation.
They are listed in order of descending ROI composite scores. 

Table 3. Multiple project evaluation results

Project 
number Project title Location

Cost 
($K)

FROI 
(years)

Composite 
score

DE09-2367 Consolidate B141/156 and 
demolish B148

NAVSUBASE New Lon-
don, CT

$826 1.85 0.7413

DE09-2179 Consolidate bays in B27 NSA Mechanicsburg, 
PA

$5,767 5.62 0.6030

DE09-1999 Consolidate and demolish two 
buildings

NAS Lemoore, CA $1,645 5.39 0.4616

DE07-0003 Consolidate fitness facilities & 
demolish various structures

NAVBASE Ventura 
County Pt Mugu, CA

$1,229 2.67 0.6789

DE07-0100 Consolidate 8 buildings at 
Carderock

NSA North Potomac, 
MD

$635 2.47 0.6265

DE09-2411 Repair B510/B152 & demolish 
B208

NSA Mechanicsburg, 
PA

$4,865 6.80 0.6089

DE08-0213 Consolidate B140 & demolish 
B155 MWR office

NAVSTA Great Lakes, 
IL

$362 2.40 0.6082

DE07-0007 Consolidate EOD into B22 
and demolish 6 facilities

NAS Whidbey Island, 
WA

$2,900 4.48 0.6075

RM09-2831 Consolidate M207 and 
demolish 13 facilities

NAVSTA Guantanamo 
Bay, Cuba

$4,461 4.38 0.5896

P807 TSC applied instruction facil-
ity

NAVSTA Great Lakes, 
IL

$52,260 7.05 0.5386

DE01-0012 Consolidate PSD/NAVPTO/
SATO and demolish B92

NSA Washington, DC $2,639 4.44 0.5661

DE09-1940 Consolidate SWOS trainers 
B138 & B1164

NAVSTA Newport, RI $1,729 5.22 0.5152

P622 Air traffic control facility NAS Jacksonville, FL $49,930 18.02 0.4411
P491 Combat vehicle maintenance 

shop
NAVBASE Ventura 
County Pt Mugu, CA

$27,510 36.05 0.4304
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Only 11 of the projects generate a FROI score that is less than the life-
cycle cost return hurtle rate of 6.0 years. Of these 11, only project
DE10-0057 has a composite score that is below the average mean. The
remaining ten projects, valued at $22.2 million, should form the can-
didate project pool for selection. Electronic copies of these individual
project evaluation worksheets and their corresponding project scope
and cost estimate documents are included in appendix B. There are
several methods for selecting the optimum projects depending on
the amount of funding available to support the program. In the next
section, we will discuss some issues related to program evaluation.

DE10-0057 Consolidate fire inspectors 
and demolish B57

NSA Washington, DC $792 5.24 0.4153

P229 Strategic systems weapons 
evaluation test

NAVWPNSTA Seal 
Beach, CA

$32,960 69.31 0.3665

RM10-9009 Consolidation of aircraft crash 
rescue and fire HQ

NAS Key West, FL $10,693 21.52 0.3466

DE11-7522 Consolidate MWR admin in 
rec mall and demolish B352

CBC Gulfport, MS $2,344 23.30 0.2094

Table 3. Multiple project evaluation results

Project 
number Project title Location

Cost 
($K)

FROI 
(years)

Composite 
score
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Process for program evaluation

At various levels within the Navy, decisions must be made on the allo-
cation of scarce resources. In these decisions, the Navy seeks to allo-
cate the budget imposed by Congress in such a way as to maximize
benefits for the United States. One method for making these deci-
sions is to construct a linear combination of several different benefits
accruing to each program that gives a single cardinal index of overall
benefits to each program. One can then choose the allocation of
resources among different programs that maximizes an overall cardi-
nal index of benefits to the Navy.

The advantage of this approach is that, when used at the individual
program office, it gives a very quick initial answer to the allocation
problem. We applied this selection approach in our multiple project
example. The disadvantage of this approach is that it may be an over-
simplification of the overall allocation problem since the benefit
derived from separate governmental programs cannot always be
easily measured using cardinal numbers.3 In addition, the benefit
derived from one program may depend on the level of spending on
other programs, making it difficult to compare the benefits derived
from different market baskets (combinations) of all governmental
programs.

However, the benefits from different budget allocations that stay
within the budget constraint can be given an ordinal rank when com-
pared with other budget allocations with pair-wise comparisons by
Navy subject matter experts.4 Given a budget, we need to reveal the
preferences of these experts who must choose among the affordable
combinations of governmental programs. We discuss how this

3. The idea that many problems are too complex to be solved by simple
mathematical models has a long history in decision-making. See, for
example, the work on bounded rationality by Simon (1957) [2] and
Simon (1991) [3].
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approach can be applied using the cROI tool generated scores to
select which consolidation projects to fund for a given budget.

Introduction

The underlying assumption of the revealed preference market basket
approach is that the benefit derived from separate governmental pro-
grams cannot always be easily measured using cardinal numbers.5

Even more difficult is measuring and comparing the benefits derived
from different market baskets (combinations) of governmental pro-
grams. 

Statement of budget problem: consolidation project selection

The Director, Shore Readiness Division (OPNAV N46) must make
recommendations about which consolidation projects to fund. More
generally, the director must make facility funding decisions for the
Navy as a whole. Relying on the OSF strategy as a link between naval
operations and facility condition and size, the Director must choose
among a diverse assortment of funding options to determine which
options will best achieve the goals of the U. S. Navy and the United
States as a whole.

We previously presented a single cardinal index number approach
for making such funding decisions using the project scores generated
by the cROI tool. We now present another method for refining the
single cardinal index number approach to take account of the com-
plexities of the problem not addressed by that approach. 

A revealed preference and market basket approach

The single index number approach to rank consolidation projects for
funding has the following drawbacks:

4. This is often referred to as the knapsack problem in the decision science
literature. For a discussion of the knapsack problem and how to solve it,
see Soland (1979) [4] and Steuer (Chapter 13, 1986) [5].

5. See Trost and Ye (2003) [6] for a further discussion of this problem.
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• It relies too heavily on cardinal rather than ordinal simple rank
measurements.

• It does not consider complementarities and substitutability
among the six criteria. Doing so would allow for the possibility
that the whole is greater than the sum of the parts within any
one project. A popular term for this concept is synergy. Econo-
mists call this concept the complementarity between two sepa-
rate criteria.

• The cardinal index number approach evaluates each project
separately rather than comparing different market basket com-
binations of projects. Hence, the resulting combination of
projects based solely on cROI benefit score magnitude may not
be optimal for a given budget. As with different criterion within
a project, there may be synergy between two or three different
consolidation projects.

• The size of the budget is not explicitly incorporated into the
decision process since the size of the budget does not alter the
individual ranking of projects.

• The approach assumes that all criteria are measured without
error, both in general and within a separate project.

Given these potential shortcomings, we suggest four ways for improv-
ing the simple cardinal index number program development
approach: 

• Use the theory of revealed preference and pair-wise ordinal
comparisons to evaluate the benefits of individual projects rel-
ative to one another.

• Compare the benefits of different affordable market baskets.

• Base the final decision on the market basket of projects that is
optimal for a given budget.

• Assign an accuracy index to each criterion within each project.
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Consolidation project program selection example

We will describe how to implement the first three improvements in a
simple example. We use the top ten cROI ranked consolidation
projects from our analyses to provide a candidate list of projects for
selection.

Let the 10 projects that are considered for funding be denoted by X.
Let the subscript i be the ith project, i = 1, 2, …, 10. We have the cost
of each of these projects, denoted Pi, for the cost of the ith project.

The maintained hypothesis is that the exact benefit the Navy will
receive by funding a single project or basket of projects is unknown
and is potentially not measurable using ordinal numbers only. Given
a budget, denoted B, our goal is to reveal the preferences of those
who must choose among the affordable combinations of the ten
projects.

For any given market basket of tasks, denoted J(k), it must be true
that

where subscript j(k) is the jth project of the total J(k) projects in the
kth market basket. 

Suppose there are K different affordable baskets for a given budget B.
Our goal is to find the optimal basket, k* from all market baskets
(choice sets) of k = 1, 2, …, K.

Pj k 

J 1
j J k =

=

 B
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Table 4 lists the top ten projects, that meet the FROI hurtle rate, in
the order they are ranked by the cardinal index number approach. 

Table 5 re-orders these ten projects from least expensive to most
expensive.

Table 4. Top ten consolidation projects as ranked by composite score

Rank Project# Project title Installation name
CWE 
($K) FROI

Composite 
score

1 DE09-2367 Consolidate B141/156 and 
demolish B148

NAVSUBASE New 
London, CT

$826 1.85 0.7413

2 DE07-0003 Consolidate fitness facilities & 
demolish various structures

NAVBASE Ven-
tura County Pt 
Mugu, CA

$1,229 2.67 0.6789

3 DE07-0100 Consolidate 8 buildings at Card-
erock

NSA North Poto-
mac, MD

$635 2.47 0.6265

4 DE08-0213 Consolidate B140 & demolish 
B155 MWR office

NAVSTA Great 
Lakes, IL

$362 2.40 0.6082

5 DE07-0007 Consolidate EOD into B22 and 
demolish 6 facilities

NAS Whidbey 
Island, WA

$2,900 4.48 0.6075

6 DE09-2179 Consolidate bays in B27 NSA Mechanics-
burg, PA

$5,767 5.62 0.6030

7 RM09-2831 Consolidate M207 and demol-
ish 13 facilities

NAVSTA Guantan-
amo Bay, Cuba

$4,461 4.38 0.5896

8 DE01-0012 Consolidate PSD/NAVPTO/
SATO and demolish B92

NSA Washington, 
DC

$2,639 4.44 0.5661

9 DE09-1940 Consolidate SWOS trainers 
B138 & B1164

NAVSTA Newport, 
RI

$1,729 5.22 0.5152

10 DE09-1999 Consolidate and demolish two 
buildings

NAS Lemoore, CA $1,645 5.39 0.4616

Table 5. Top ten consolidation projects in ascending order of cost

Rank Project# Project title Installation name
CWE 
($K) FROI

Composite 
score

1 DE08-0213 Consolidate B140 & demolish 
B155 MWR office

NAVSTA Great 
Lakes, IL

$362 2.40 0.6082

2 DE07-0100 Consolidate 8 buildings at Card-
erock

NSA North Poto-
mac, MD

$635 2.47 0.6265
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The ranking listed in table 4 has at least two flaws if used solely to
select projects for funding. First, looking at table 5, if the program
budget were $1 million, the first two lowest-cost individual projects
are affordable. However, in table 4, only the lowest ROI composite
score project DE09-2367, “Consolidate building 141/156 and demol-
ish building 148” is affordable with a $1 million budget. So, this is
where Navy subject matter experts need to decide between the afford-
able combinations of projects versus each of the individual project’s
cost and ROI composite benefit score. The index number approach
gives no clear guidance on how to make this choice. Second, if the
budget is $5 million, only the first four of the ranked projects are
affordable. However, if we allow experts to vote on the first four items
versus an alternative bundle of the five lowest cost projects at a cost of
about $4.7 million, the experts may well choose the larger bundle of
five projects versus the cardinal index number approach of only fund-
ing the first four ranked projects.

The example demonstrates that there is really no universal project
portfolio, but rather many budget-specific alternative combinations

3 DE09-2367 Consolidate B141/156 and 
demolish B148

NAVSUBASE New 
London, CT

$826 1.85 0.7413

4 DE07-0003 Consolidate fitness facilities & 
demolish various structures

NAVBASE Ven-
tura County Pt 
Mugu, CA

$1,229 2.67 0.6789

5 DE09-1999 Consolidate and demolish two 
buildings

NAS Lemoore, CA $1,645 5.39 0.4616

6 DE09-1940 Consolidate SWOS trainers 
B138 & B1164

NAVSTA Newport, 
RI

$1,729 5.22 0.5152

7 DE01-0012 Consolidate PSD/NAVPTO/
SATO and demolish B92

NSA Washington, 
DC

$2,639 4.44 0.5661

8 DE07-0007 Consolidate EOD into B22 and 
demolish 6 facilities

NAS Whidbey 
Island, WA

$2,900 4.48 0.6075

9 RM09-2831 Consolidate M207 and demol-
ish 13 facilities

NAVSTA Guantan-
amo Bay, Cuba

$4,461 4.38 0.5896

10 DE09-2179 Consolidate bays in B27 NSA Mechanics-
burg, PA

$5,767 5.62 0.6030

Table 5. Top ten consolidation projects in ascending order of cost

Rank Project# Project title Installation name
CWE 
($K) FROI

Composite 
score
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of projects. Using a revealed preferences approach,6 one can choose
which affordable bundle to fund through pairwise comparison of
project preferences. Figure 20 gives a process flow chart for applying
a revealed preference approach, as discussed in Trost and Ye (2003)
[6].

6. This basic approach is also used in the Analytical Network Pro-
cessing (ANP) software, as opposed to the Analytical Hierarchy
Processing (AHP) software which takes the cardinal index
number approach. See Satty (1994) [7] and Saaty (2005) [8] for
a discussion of the AHP and ANP decision-making software,
respectively. 
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Figure 20. Flow chart of revealed preference market basket approach
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Finally, a method to implement the fourth recommended improve-
ment is to add an attribute to each criterion within a project that cap-
tures the accuracy of how well that criterion is measured. This
introduces an important significance variable, which can be assessed
when evaluating the cROI benefit scores.

The full portfolio of consolidation projects were not available in time
for us to evaluate and demonstrate a revealed preference and market
basket approach for populating a budget restrained program selec-
tion process. However, we hope the previous limited example and dis-
cussion will help guide future utilization of the approach.
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Recommendations

We have the following recommendations for the Navy to consider
when using this new evaluation tool.

Better consolidation project identification

The Navy should pursue a process that facilitates identification of
greater numbers of better consolidation projects. The success of the
consolidation program is primarily dependent on the quality of the
projects funded and implemented. This process starts with project
development at the base and CNIC region level. The cROI evaluation
tool is only helpful if it is used to compare a robust set of projects that
in total exceed the consolidation program’s budget.

The development of consolidation projects is not an easy process. It
often requires working with facility tenants who have had the luxury
of extra space or their own dedicated facilities. An effective consoli-
dation project often requires them to move to much smaller spaces
and to share facilities with other organizations.

We recommend that N46, CNIC, and NAVFAC work together to
develop and publish guidance concerning consolidation project
preparation with the goal of generating more worthwhile projects.
Identification of a consolidation project should not be a voluntary or
optional process when underutilized facilities exist on a base. When
better facility utilization information becomes available, as is
expected, just providing oversight will become an easier option. How-
ever in the interim, greater policy direction and pressure is needed to
improve the quality of consolidation project submissions.

Leverage OSF strategy for project development

We suggest that the OSF strategy process be leveraged to support
more direct development of consolidation projects. The current OSF
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strategy, as we understand it, does not leverage the involved organiza-
tion’s capabilities to influence the near-term preparation of more
consolidation projects. We believe that, because of the organizations
involved, the OSF organization could provide an ideal source of
direction to the bases and regions concerning consolidation projects.
More specific policy direction as part of the OSF strategy may help
overcome some of the challenges at the base and region level to be
more aggressive in developing consolidation projects.

Improve the individual evaluation factor weights

We recommend that the OSF working groups continue to pursue the
improvement of the individual evaluation factor weights. The cROI
tool output included in this report uses the initial four factor weights
provided to us to generate the scores for the 18-project sample set.
Both the utilization improvement and facility age evaluation factors
were zeroed out. We recommend that the Navy review the project
rankings that resulted from those initial factor weights and better
align the weights to the overall OSF strategy.

We designed the cROI tool to easily accommodate changes to the
factor weights. As the Navy continues to review the weighting options,
we recommend that the tool’s capability be used to perform sensitiv-
ity analyses to determine how various weighting options change the
relative scores of the sample projects or new projects that may be
identified.

Update the cROI tool normalization table

The Navy should update the cROI tool normalization table by
appending future projects as they are completed. One of the major
enhancements made to the previous dROI tool in the new cROI tool
is the use of past approved projects to determine evaluation factor
scores. The tool allows those historical data to be updated annually
with results from the previous year. With these updates, the tool will
better maintain its ability to provide comparative scores for future
consolidation projects.
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Revealed preference and market basket programming

We recommend that the Navy include a revealed preference and
market basket approach to building annual facility consolidation
project programs. This may become a more important option if the
number of consolidation projects submitted significantly exceeds the
program budget.

If, for example, the financial threshold requirement eliminates
enough projects to allow most of the remaining projects to be
funded, then using a rank order of cROI project evaluation scores
may be sufficient. However, if a number of otherwise worthy projects
score below a budget-derived cut line, then the revealed preference
and market basket approach might be useful in determining the total
group of approved projects that are more beneficial to the Navy than
a group determined strictly by their cROI evaluation tool score.
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Appendix A
Appendix A: cROI user guide

Background

CNA developed a facility investment consolidation project evaluation
tool to evaluate proposed consolidation/demolition projects for pro-
gramming. This appendix describes how to use the evaluation tool
developed in that report. 

This cROI tool is based on the research presented in the CNA report,
“Consolidation Return on Investment (cROI) Programming Tool:
Development and Use.” The mathematical model developed in that
report is coded into one Microsoft Excel workbook. There are two
outputs from this evaluation tool:

• A financial return on investment (FROI) threshold check

• A single consolidated project rating between zero and one

The project evaluation tool is in “20120313 cROI Model Tem-
plate.xls.” The field version of the tool is located in “20120313 cROI
Field Model Template.xls.”

User instructions

The main difference between the models is that the field version does
not include installation background information and a link to the
project scope document. Although less information is captured for
future program reference, it does allow for a simpler calculation of
the project benefit score.

Completion of cROI project evaluation tool

The cROI programming tool should be used to evaluate new consol-
idation/demolition projects in the following annual cycle.
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1. Calculate actual project results from the previous execution
year and append to the template normalization project list.
Adjust the mean and standard deviation cell ranges for each of
the six metrics to include the new projects.

2. Update the documentation page in the templates to identify
the data sources to be used for this evaluation cycle.

3. Release the next cycle project submission call to the field with
programming guidance. Include the current year version of the
field model as part of the guidance.

4. After the submission cut-off date, extract candidate DD Form
1391 project scopes from the electronic project generator
(EPG) as pdf files and place them in a data folder labeled
“FYXX project vault.”

5. Create blank cROI worksheets for each project for later evalua-
tion. Populate the data worksheet with the pertinent project
facility data by building the facility data table manually using
the DD Form 1391 project information and iNFADS extracts.

6. Refresh the pivot table on the utilization worksheet to extract
the new facility information. There should be one line for each
affected facility category code.

7. On the summary page, fill in the installation data fields and
project specific fields that are highlighted in blue for future ref-
erence; note that these are not necessary for the model to cal-
culate the return on investment composite score.

8. Link the project DD Form 1391 pdf document from the project
vault to the summary page through a reference hyperlink.

9. You have now completed the project worksheet and it can be
saved and closed. If desired, to organize the project portfolio,
the summary scores could be transferred to a master project list
in a separate MS Excel worksheet.

10. After all the submitted consolidation/demolition projects have
been evaluated and completed, the results should be stored for
future reference in one data folder with an FYDP project pro-
gramming master project summary list, a worksheet file for
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each project, and the FYXX project vault subfolder containing
the project DD Form 1391s.
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Appendix B
Appendix B: cROI programming tool electronic 
files

The Navy consolidation return on investment (cROI) programming
tool prototype software model version 1.0 is attached to this report as
an electronic Microsoft Excel worksheet. A simplified version 1.01 is
also included for installation use in order to help shape future con-
solidation project submissions. These models were build to support
the POM-13 budget development cycle. The models have to be reset
with new normalization data in order to support later cycles.

File attributes

File name: 20120313 cROI Model Template.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: cROI Model Template
Author: Dr. Burton L. Streicher, PE
Size: 524 KB

File name: 20120313 cROI Field Model Template.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: cROI Field Model Template
Author: Dr. Burton L. Streicher, PE
Size: 521 KB

Project evaluation worksheets

As part of testing the new evaluation tool, sample project rating work-
sheets were developed for 18 previously submitted consolidation
projects. These sample project evaluations are included in the follow-
ing electronic files:
65



Appendix B
File name: 20120313cROI Model DE01-12.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE01-12 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 517 KB

File name: 20120313cROI Model DE03-07.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE03-07 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 520 KB

File name: 20120313cROI Model DE007-07.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE007-07 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 520 KB

File name: 20120313cROI Model DE09-1940.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE09-1940 cROI Evaluation
Author: Dr. Burton L. Streicher, PE
Size: 517 KB

File name: 20120313cROI Model DE09-1999.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE09-1999 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 517 KB

File name: 20120313cROI Model DE09-2179.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE09-2179 cROI Evaluation
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Author: Dr. Burton L. Streicher, PE 
Size: 517 KB

File name: 20120313cROI Model DE09-2367.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE09-2367 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 517 KB

File name: 20120313cROI Model DE09-2411.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE09-2411 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 517 KB

File name: 20120313cROI Model DE11-7522.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE11-7522 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 516 KB

File name: 20120313cROI Model DE57-10.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE57-10 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 518 KB

File name: 20120313cROI Model DE100-07.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project DE100-07 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 521 KB

File name: 20120313cROI Model DE0213-08.xls
File type: MS Excel 97-2003 worksheet
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Date: 16 March 2012
Title: Project DE213-08 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 517 KB

File name: 20120313cROI Model P229.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project P229 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 517 KB

File name: 20120313cROI Model P491.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project P491 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 525 KB

File name: 20120313cROI Model P622.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project P622 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 522 KB

File name: 20120313cROI Model P807.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project P807 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 521 KB

File name: 20120313cROI Model RM10-9009.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project RM10-9009 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 517 KB
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File name: 20120313cROI Model RM09-2831.xls
File type: MS Excel 97-2003 worksheet
Date: 16 March 2012
Title: Project RM09-2831 cROI Evaluation
Author: Dr. Burton L. Streicher, PE 
Size: 524 KB

Project DD Form 1391 documents

The individual DD Form 1391 project scope and cost estimates for
each project are located in the following files and can be opened
using the links within the project evaluation worksheets.

File name: N00128-DE08-0213.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 12.5 KB

File name: N00128-P807.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 32.9 KB

File name: N00129-DE09-2367.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 9.5 KB

File name: N00207-P622.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 44.0 KB
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File name: N00213-RM10-9009.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 22.0 KB

File name: N00620-DE07-0007.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 16.7 KB

File name: N32411-DE09-1940.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 16.5 KB

File name: N32414-DE09-2179.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 10.3 KB

File name: N32414-DE09-2411.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 12.9 KB

File name: N60515-RM09-2831.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
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Author: Oracle Reports
Size: 15.0 KB

File name: N61065-P229.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 38.5 KB

File name: N61142-DE01-0012.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 10.2 KB

File name: N61142-DE10-0057.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 12.0 KB

File name: N62604-DE11-7522.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 16.9 KB

File name: N63042-DE09-1999.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 13.8 KB

File name: N68469-DE07-0100.pdf
File type: Adobe Acrobat Document
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Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 12.6 KB

File name: N69232-DE07-0003.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 13.4 KB

File name: N69232-P491.pdf
File type: Adobe Acrobat Document
Date: 6 October 2011
Title: DD Form 1391 Project Scope
Author: Oracle Reports
Size: 51.8 KB
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Glossary

A
AHP Analytical hierarchy processing
ANP Analytical network processing

B
BOS Base operating support

C
CAP Capacity rating
CCN Category code number
CND Condition
CNIC Commander, Navy Installations Command
CNO Chief of Naval Operations
cROI Consolidation return on investment
CWE Current working estimate 

D
DE Demolition
DOD Department of Defense
dROI Demolition return on investment

E
EPG Electronic project generator
EOD Explosive ordnance disposal

F
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FM Facilities modernization
FMM Facilities modernization model
FROI Financial return on investment
FSM Facilities sustainment model
FXM Facilities sustainment, modernization, and operation

models
FY Fiscal year

G

H

I
iNFADS Internet Naval Facilities Assets Data Store

J

K

L

M
M Modernization
MDI Mission dependency index
MWR Morale, welfare, and recreation

N
NAVFAC Naval Facilities Engineering Command
NAVPTO Navy Passenger Transportation Office
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NF New footprint
NPV Net present value

O
OPNAV Office of the Chief of Naval Operations
OSD Office of the Secretary of Defense
OSF Optimal Shore Footprint

P
PRV Plant replacement value 
PSD Personnel support department

Q

R
R Restoration
ROI Return on investment
RPSUID Real property site unique identifier

S
SATO Scheduled air transportation office
SF Square feet
SFE Square feet equivalent
ST Sustainment
SWOS Surface warfare officer’s school

T
TSC Training support center

U
UIC Unit identification code
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UOM Unit of measure

V

W

X

Y

Z
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