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ABSTRACT

The Product Director for Contingency Base Infrastructure (PD CBI) is
chartered to bring a systenf-systems approach to contingency basing. PD CBI
has four major lines of effort to accomplish the missiois paperbriefly toucles
on the Strategic Recommendations, Analytical Support, and Stakeholder
Collaboration and Integration lines of effort and foeason the Contingency
Basing Interface to the Warfighter line of effofhe paperoutlines the Model
BasedSystemdEngineering(MBSE)approach employed by the CBI teatatailing
the application of a common set of tools to address each part of the prdliem
paperalso addresesthe useof existingmodels and simulations, modifying them
for use with base infrastructure materiehcadeveloping new tools as needed, to
conduct analyses treating a contingency base as a system of systems (similar to a
ground vehicle systemJhe results of the analgs will provide the Army with
materiel investment recommendations for decisioakers, optimized base
infrastructuremateriel set recommendations, and resoteffecient camp designs
Issues addressed include determining what capabilities the Army should invest in
to increase operational/mission effectiveness, reduce risk, and increaséapsra
reach The analytical results will help identify the optimal mix of capabilities and
standardized base camp configurations, cost/benefit in terms of dollars, manpower,
resource impacts, etdhe MBSE approach demonstrates the power of bringing
together key organizations and matusealytic methods andoolsto characterize
and quantify critical mission requirements

INTRODUCTION
The U.S. Army Audit Agency published a report titlddmy Strategy for Establishing, Sustaining, and

Transitioning NorTraditional Installationsin May 201Q identifying systemic issues with base design and

master planning. As a result, the audit reported camp designers did not consider scalability, wasteeamgnagem

or power generation in their desighsading to excessive cost and inefficiencies in resourcesaigbese

camps. In March 2012, the Program Executive Officer, Combat Support and Combat Service Support (PE
CS&CSS) established the Contingency Bgdidevelopmental Planninfieam, which became the Product

Di

rector for Contingency Base Infrastructure

approach to base camp design.
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PD CBI is addressingkey issues facing the United States Forces resulting from tHe@adature of
planning/designing base campkhe current ad hoc approach generally creates inefficiencies impacting
mission effectiveness; increases ctistsause athe lack of informed desions and lacks a holistic approach
to ensure efficient and repeatable planning and design, construction, operations, management, a
closure/transfer of base campBharough base camp resource optimization, PD CBI is recommending
contingency baseills of material(BOM) and layouts that reduce operations and maintenance costs while
potentially saving lives by reducing the number of vehicles in resupply convoys.

LINES OF EFFORT

Addressing the numerous issues facing contingency bases, PD CBI develoget:foof efforf(LOE) to
help frame the problenThe LOEsappear in Figure.I'he first three LOEs, Contingency Basing Interface to
the Warfighter (CBIWar), Strategic Recommendations, and Analytical Supyserthe CBI ModeBased
Systems Engineerind/IBSE) process described in the next section to provide recommended solutions within
each LOE.

CONTINGENCY BASING INTERFACE TO THE WARFIGHTER

* Base Camp Master Planning Design Templates
* AFCS initial construction standard base camp designs
* PLT/CO design and data transition to JCMS 2QFY18

STRATEGIC RECOMMENDATIONS
* Contingency Base Infrastructure Annual Report
» System data management

| « Systems data set development

ANALYTICAL SUPPORT

* Model and simulation tool maturation
* Combatant Command analytical support
* Acquisition decision support
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STAKEHOLDER COLLABORATION AND INTEGRATION
» Materiel integration support

* Doctrine development support

* DoD operational energy support

Figure 1. PD CBI Lines of Effort

Contingency Basing Interface to the Warfighter

The CBIWarLOE seeks to provide base camp planners at all levels with resopticeized BOMs and
initial camp layouts meeting specific population, unit, mission, and climate require@8htaccomplishes
this LOE in twoseparate ways-irst, CBI partners with the Armigacilities Component System (AFCS) to
provide standard, initial construction standard, reseaptiEnized BOMs and layouts for inclusion ihe
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AFCSrepository for use in the Joint Construction Management System (JCQME&2 in the JCMS library,
base camplanners can pull the layouts and associated BOM as a starting point for new bas®©cae pise
Virtual Forward Operating Base (VFOB) software, currently in development by the Engineer Researcr
Development Centér Construction Engineering Research LalR[EC-CERL), is fully merged into JCMS,
planners will be able to site adapt the CBI layouts to the exact tati@mated for the base camp.

The second way CBI accomplishes the CBIWar LOE is by working directly with a customer to develop a
BOM and layout meting thec u s t o gpexificorequirementd?D CBI used this avenue to develop a life
support area BOM and layout for Air Forces Africa (AFAF) in Nig&}.

Strategic Recommendations

Under this LOEPD CBI uses systems engineering proceaségrocedures to conduct analysessulting
in recommendationfr Project Managers and Product Managers on how best to invest their scarce resource
for optimal benefit to the ArmyOne activity under this LOE was ti#D CBI analysis to determine the
effeciveness of the Shower Water Reuse Syst8iivRS)on reducing the amount of potable water a base
required trucked iby convoy The analysis showhatover a2-yearperiod adding the SWRS to a company
size (300 personnel) in a desert environment has tleafmtto save $60.illion and to remove 1,906 water
trucks from convoyg2]

Analytical Support

The PD CBI thirdLOE provides decision supportanalyses to acquisitionréject Managers, Fduct
Managers, and external customers (Combatant Comm&edace Component Commands, efor) base
infrastructure technologie$he analysis PD CBI conducted for Product Manager Force Sustainment Systems
(PM ESS) to verify Force Provider met the Energy Key Performance Pargifetyof the Force Provider
Capaliities Production Documer{ICPD) falls within this LOEPD CBI used the Desktop Analysis Tool to
analyze the baselin800-personForce Provider setPD CBI then analyzed the updated Force Provider
configurationset under the new CRRonsisting of four 18-person Force Provider Expeditionary sets
Comparing the outputs of thl@seline configuration and updated configurasinalyses showed the new Force
Provider configuration exceeded the Energy KPP requirement for a 30% energy reduction. The Army Test ar
Evaluation Center accepted the results as proof of meeting the Energ8KPP.

Stakeholder Collaboration and Integration

The final PD CBI LOE consists ahe support provided to the requirements development commithmaty,
Army Deputy Chief of Staff &1, the Deputy Assistant Secretary of Defense (Operational Energy), the Joint
Staff J4, and other organizations for nanalytical efforts Under this LOE, PD CBI assisted the
development oArmy Techniques PublicatiorATP) 3-37.10Base Campsthe Conceptof Operations for
Army Contingency Basindrmy Regulation 7XXXX Contingency Basingstill under development), Joint
Publication 404 Contingency Basingthe Base Camp Management System Capabilities Development
Document (CDD)out for worldwide staffing), and thBase Camp Facilitie€DD (under development)

SYSTEMS ENGINEERING PROCESS

Bringing a holistic systeraf-systems approach to contingency basing necessitated the development of a
MBSE process for the analysis of thesb camps and base camp clustégure 2depicts a overview of the
CBI MBSE process.The foundation of the processthree collections of data around which inputs to each
analytical model centerRequirements Data, Architecture Development, and Sol@a®m. A robust
configuration managemeptocesensures the integrity of the data.
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LEGEND: WSTAT=Whole Systems Trade AnalysisTool, S0SAT=System of Systems Analysis Toolset, AFCS=Army Facilities Component System,
FD=Functional Decomposition, FAA=Functional Area Analysis, SV=System View, OV=Operational View, CV = Capability View, DAT=Desktop Analysis Tool

Figure 2: PD CBI MBSE Process Overview

Requirements Data

The requirement to improve the resource efficiency of contingency bases stems froeth feevelation
documentd United States Army Functional Area Assessment: Base Camps For Full Spectrum Operation:
(2015 2024) published inMarch 201Q an Army Audit Agency RepartArmy Strategy for Establishing,
Sustaining, and TransitionindNon-Traditional Installations published inMay 201Q and the Initial
Capabilities Documenfor Contingency BasingJbint Requirements Oversight Council Memorandum
[JROCM 116-12), approved inAugust2012 To begin addressing the shortfalls and gaps pteden these
documents, the Contingency Basing Developmental Planning Team (precursor to PD CBI) needed 't
understand the purpose and functions of contingency bases. The team conducted an exhaustive searct
existing Army documentation and through a pariedubject matter experts developed an extensive functional
decomposition for a contingency ba3#e resulting document is 200+ line decomposition detailing
functions down to seven levels for a contingency b&sgure 3 shows an excerpt from the functional
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decompositionReviewing the base infrastructure functions of the base camp led to grouping the tasks intc
essential activities required on every base carhpse activities became the basis for the LogicaleBys
Architecture( L S A) shown in Figure 4. The fAbucketso in
designers address all of the major base camp activities as the design matures.

Once the team understood the functions necessary for a contingeseytiiie team began searching for
requirements for designing/building a canifhe result of this document search is the Planning Factors
Database. The Planning Factors Database contains information such as the minimum distance betwe
billeting structuresthe number of gallons of water per Soldier per day, the nuof®oldiers per shower
head, the minimum square feet of living space per Solther distance between guard towers, lighting
requirements, ammunition storage safety requirementsTleécPlaaning Factors Database is stored in the
Dynamic ObjectOriented Requirements System (DOORS) environntggtire 5shows an excerpt from the
Planning Factors Database.

Object Object Heading Object Text Input Functions Output Functions

Number

1.2.1.3.8 Identify Hazards Using sensed or collected data, ascertain and characterize the nature of Distribute Electrical |Track Hazards
hazards (fires, trip, electrical, critters, waste water backup, etc. within th¢Power Itternal to the | Analyze Mission and Current Situatic
base) with ever increasing fidelity and specificity. Base

Predict Changes in Operating
Environment

1.2.1.3.9 Identify Environmental |Using sensed or collected data, ascertain and characterize the nature of Distribute Electrical

Threat environmental threats (flood, earthquake, sand storm, extreme Power Internal to the
temperatures, etc.) with ever increasing fidelity and specificity. Base
1.2.1.3.10 |ldentify Insider Threat |Using sensed or collected data, ascertain and characterize the nature of Track Insider Threat

Insider threats with ever increasing fidelity and specificity. This activity
specifically related to monitoring mental health of base occupémts
potential threats.

Analyze Mission and Current Situatic

Predict Changes in Operating
Environment

1.2.14 Locate Threat Determine the position of a threat on the battlefield. Target location can
expressed, for example, asidigit grid coordinate. Also, to determine thg¢
position of targets during surveillance and reconnaissance in the definec
target area of interest in sufficient detail to permit effective employment {
weapons

1.2.1.45 Report Threat Position |Convert b appropriate format (new grigrid-coordinate systems if requirec
and communicate threat position to intended recipient.

Figure 3: Functional Decomposition Excerpt
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Figure 4. Logical SystemsArchitecture

Requirement Source Rationale Source Source Source Source Text
Date Page Paragraph
The base camp shall provide a facility for baking| FM 34.400 E4 Table E6 Troop Support Facilitie
that is 0.6 square feet per person supported.
The baseamp shall provide 110 square feet of | FM 34.400 E5 Table ELO Troop Housing.
living space per officer.
The base camp shall provide 72 square feet of liy FM 34.400 E5 Table ELO Troop Housing.
space per enlisted personnel.
The base camp shddé capable of providing 1.6 k\ FM 34.400 E6 Table EL4 General Planning
per hospital bed. Factors for electrical power and
distribution requirements.
The base camp shall provide a maximum of 90  ATP 337.10 4/26/13 |Gl1 Table @ Planning Factors for
square feet of open office space per enlisted Office Space
personrel at the E7 rank.
The base camp shall provide a maximum of 90  ATP 337.10 4/26/13 |Gl1 Table @ Planning Factors for
square feet of open office space per civilian Office Space
personnel at the G87 grade.
The base camp shall provide a maximum of 60 N ATP 337.10 4/26/13 |G1l1 Table @ Planning Factors for
square feet of open office space per stenographi Office Space
and clerical positions.
The base camp shall provides6 Ibs. per person | OPLOG Planner Supp Supply Rate assumptions us{ 3/27/14
per day of Class Il supply. Rates Doc in the OPLOG planner
The base camp shall provide 3.32 Ibs. per perso| OPLOG Plann&upply | Supply Rate assumptions us{ 3/27/14
per day of Class IV supply construction material.| Rates Doc in the OPLOG planner
The base camp shall provide 1.66 Ibs. per perso| OPLOG Planner Supp Supply Rate assumptions us| 3/27/14
per day of Class IV supply barrier and fortificatiol Rates Doc inthe OPLOG planner
material.
The base camp shall provide 0.336 Ibs. per persi OPLOG Planner Supp Supply Rate assumptions us| 3/27/14
per day of Class VI basic stockage items. Rates Doc in the OPLOG planner

Figure 5: Planning Factors Database Excerpt
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Figure 6: Operational Viewpoint-1

Architecture Development

PD CBI uses the Department of Defense Architecture Framework (DoDAF) Operational VielvOivt
1) to provide a graphical contextrfoontingency bases in a theater of operatishewing the relationship
between camps of the various sizes detailed in ABP.B30 Base Camp$he current OVL isshownin Figure
6. Supplementing the O\, each designed camp has associated Systems Vigsdoiand-2 graphically
representing the Systems Interface and Systems Resource Flow Descripijars 7 showsxamples of
these for fuel, power, and water. These views represent the way each resource should flow through the ca
and help the plann@nsure all systems connect to the proper inputs and oygjuts.
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Fuel View

Power View

== Water View

Figure 7: Systems Viewpoint 1 and 2 Example

Source Data

The requirements data and architecture developpwatibns of the CBI MBSE procesgt the foundation
for the resource optimization by setting forth
base To optimize the resources for the base cantfganodels need to know the available systems and their
resource demand$he other necessity the operational scenario in which the camp will be operating. PD
CBI handles the system information through the Systems Databaseurrent Systems Database houses
information onmore than729 different base infrastructure sms with the availabilityof 100 different
attributes per systenalthough not all attributes apply to all systeffise systems in the database are mostly
Army program ofrecord (POR) systemBowever, there are some science and technology progra&&itJ
Force Basic Expeditiary Airfield Resource (BEAR) systems, and even some commercial syistdoded
in the collectionPD CBI added the neArmy POR systems based on requests for analysis specifically asking
they be included. Figure 8 shows an excerpt fromOBeSystems DaibaseCurrently PD CBI updates the
database by conducting data calls with the base infrastructure systems comnmengycuracy of the data is
dependent on the system owners providing correct and updated information.

Optimizing Base Camp Resource Efficiency Through Systems Engineering
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Total Total Power Available
System Nomenclature System | Systems |Systems|Generated |Power
Type (SystemName)| Model LIN/ZLIN| NSN System Description Cost ($K] Produced | Fielded | (kW) (kW/Hz) Noise
SYSDB_554 Structure | Containerized | CCC PC25A0 |992501- | Containerized Chapel (CC) provides th{ 281.4 0 0 0
Chapel 592-9180 | facilities & support for religious serviceg
Complex (Tan) at base camps for 600 Protestant,

Catholic, Jewish, Muslim, and other fait|
992501- | group personnel. CC includes seating
592-9176 | 100 PAX and religious supplidsicludes
(Green) | vestments, altars, communion sets,
ecclesiastical candelabra, chalices,
patens, altar clothes, ecclesiastical
statuary, sacramental wine.

SYSDB_46] Generators | 100kW Tactica| MER G17596 |611501- |The 100kW and 200kW Tactical Quiet |67 1061 1018 100 100kW skid | 70/68
Quiet 807A 296-1463 | Generator Sets, are the largest generat dBA @ 7
Generator sets in the TQG family and come in twd meters
(TQG) MEP configurations, skid and trailenounted.
807A The TQG sets are modernized, tactical

diesel fueled, lightweight, portable,
reliable, ruggedized military power
generation equipment for use in the mg
demanding military applications and
extreme environmental conditions.

SYSDB_46] Generators | 100kW Tactica| PU807A | G17528 |611501- | The 100kW and 200kW Tactical Quiet | 81.94 1061 1018 100 100kW/60Hz| 70/68
Quiet 471-7088 | Generator Sets, are the largest generat PU dBA @ 7
Generator sets in the TQG family and come in twd meters
(TQGPower configurations, skid and trailenounted.
Unit PUS0O7A The TQG sets are modernized, tactical

diesel fueled, lightweight, portable,
reliable, ruggedizedilitary power
generation equipment for use in the mg
demanding military applications and
extreme environmental conditions.

SYSDB_46{ Generators | 10kW PU2012 [L84758 |611501- | The AMMPS 10 kW PUs are trailer 45.442 |26 14 10 10kW 400Hz| 68 dBA
Advanced 562-3907 | mounted mobile suppliers of electrical LTT @7
Medium energy to fielded equipment. The PU meters
Mobile Power configuration consist of a one LTT trailg (23 feet)
Source and one generator set. The trailer has
(AMMPS) been modified teaccommodate the
Power Unit PY AMMPS 1&ilowatt generator set. Each
2012 generator set has a load capacity of 10

kW when operating at full load.

Figure 8: Systems Database Excerpt

The operational scenario is important to the optimization of the baselmrapsehe number and type of
infrastructure equipment, the duty cycle, space requirements, number of personnel, type of unit, climate, ar
quality of life standard all impact tremount of resources necessary to operate the.n@BI collects the
operational scenario information from the requesting organization through a standard questionnaire develop
for the purpose and refines the information through direct contact withetheestors. This information
becomes inputs for the model setting the parameters for the optimization.

OPTIMIZATION MODELING

PD CBI employs three different models to meet the requirements of theQ&is the CBI Desktop Analysis
Tool (often referred tas the Minimodel), the Whole System Trades Analysis Tool (WSTAT), and the
Systemof-Systems Analysis Toolset (SoSAHowever, only the WSTAT model is used for optimization
Sandia National Laboratory developed WSTAT as a decision support tool for vskice system3aVSTAT
integrates separate subsystem models into a holistic system view by mapping critical design choices
consequences relevant to stakeholdeis CBI worked with Sandia National Lab to modify WSTAT to work
with contingency base€oningency bases are complex systems with many interrelated subsystems producing
more than 18° potential combinations of equipment for a single bA$8TAT accomplishes this by looking
at the design of a system, examining the millions of potential setpigfreent in an effort to satisfy multiple
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competing objectivedtusesamulto bj ect i ve genetic algorithm to fi
competing criterigto produce a set of optimal alternatives to explBi2 CBI settled on five valugimensions
to evaluate the potential base cangesformance, affordability, risk, scalability, and commonality.

The result of the model run isRareto curve of the,800' 4,000 optimal solution sets out of the potential
millions of equipment combinations. The defaBHreto viewdisplays the optimized solution seh a
Performance versus Affordability grapiNSTAT can present the other value dimensions with markers on the
individual points in the graphFigure 9 shows a sampRareto plot from a WSTAT run for 800-person
contingency basél'he analysts can narrow the number of solutions by filtering the acceptable ranges of the
value dimensions.

Figure 9: WSTAT Solution Pareto Example

Once the analysts determine a single solution for the customer, WSTAT will o8N dor the selected
base campsimilar to the one shown in Figure,Hiranged according to the CBI LSénsuring the solution
addesses all the base camp activities. WSTAT will also produce a resource consumptiosirtaliaieto
Figure 11 showing the resources the base consumes and gerdaidyeshe manpower required to sap,
operate andmaintain the basend the various &ts associated with establishing and operating the base.
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