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EXECUTIVE SUMMARY

(See Appendix C for an explanation of acronyms)

A river is any natural stream of water that flows in a channel with defined banks.
There are 113 major river system basins in the world. They carry on average over 15%
of the world’s commerce. “Approximately 80% of the world’s population (4.8 billion
people) lives within 100 kilometers of the world’s major river basins.”' Control of the
river ways is vital to commerce and national security. In the aftermath of the 9/11
atrocities perpetrated against the United States, the US began the Global War on
Terrorism (GWOT). The riparian environments are strategically important in support of
GWOT. They can be used for shipment of weapons, contraband, and illegal drugs to

support terrorist and insurgent operations.

Over the past several years it has become apparent that the US Navy needed a
brown water capability to better combat today’s threats. “The Chief of Naval Operations
Strategic Studies Group 24 recommended expanding the Navy’s green and brown water
capability to rebalance the force so the United States Navy can better combat today’s
green and brown water threat.”® Addressing the National Defense Industry Association
Expeditionary Warfare Conference in October 2005, the Chief of Naval Operations
(CNO), Admiral Mike Mullen emphasized the new landward push. "There are great
opportunities for the global security environment. Maritime Domain Awareness -- that is
where we are really going in respect to operations in green water and brown water as we

"3

evolve that over time."” The CNO followed his comment a few months later when he

established the Naval Expeditionary Combat Command in Little Creek, Virginia.

“The U.S. Navy established the Navy Expeditionary Combat Command (NECC)
in January 2006 to serve as a single functional command to centrally manage
current/future readiness, resources, manning, training and equipping of the Navy’s
expeditionary forces.” The NECC’s mission is to integrate all war fighting requirements
for expeditionary combat and combat support elements. In May of 2006 the NECC
established Riverine Group One to serve as administrative command over three riverine

squadrons. According to Rear Admiral Donald Bullard, NECC’s commander,
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”we know there are many areas around the world where rivers are the main lines of
communication. We, the Navy, need to expand in order to go into that brown water
environment, to be able to train and work with our combined allies and neighbors and

. . . 5
make those lines of communication secure.”

The focus of the Navy’s riverine group will be on conducting maritime security
operations (MSO) and theater security cooperation (TSC) in riparian areas of operations
or other suitable areas. This might entail protecting critical infrastructure, securing the
area for military operations or commerce, preventing the flow of contraband, enabling
power projection operations, joint, bi-lateral or multi-lateral exercises, personnel
exchanges, and humanitarian assistance.® MSO entails policing the maritime domain to
prevent and/or disrupt terrorism, drug trafficking, piracy, environmental destruction and
human trafficking. Conducting exercises with other navies and providing Humanitarian
Assistance/Disaster Relief (HADR) typify cooperative TSC operations. The Riverine
Force (RF) will be capable of deploying world-wide within 96 hours in support of MSO

and TSC missions.

The 2007 Naval Postgraduate School (NPS) Systems Engineering and Analysis
(SEA) Integrated Project titled “Riverine Sustainment 2012” was a joint product
developed by eight NPS SEA students and 17 National University of Singapore (NUS)
Temasek Defense Systems Institute (TDSI) students. The two cohorts combined students
from various professional and academic backgrounds to form the Riverine Sustainment
Team (RST). The purpose of the RST was to define, analyze, and recommend
alternatives for supply, repair, and force protection that increase sustainability of the
riverine force in the riparian environment utilizing technologies currently in use or
available for use by 2012.” Additionally, a study was conducted into the potential for use
of developing commercial technologies which could advance the riverine force
communications capacity to handle the multiple types and high volumes of information

necessary in modern tactical environments.

Systems engineering is a top-down, problem solving process that captures
stakeholders’ needs, analyzes alternatives and advocates a solution.  “Systems

engineering is a management technology to assist and support policy making, planning,
XX



decision making, and associated resource allocation or action deployment. Systems
engineers accomplish this by quantitative and qualitative formulation, analysis, and
interpretation of the impacts of action alternatives upon the needs perspectives, the

institutional perspectives, and the value perspectives of their clients or customers.”’

The RST started with the RF’s operational concept and utilized a combination of
the physical and functional architectures to develop the operation architecture. Modeling
and simulation enabled the RST to measure physical architecture alternatives that
achieved RF sustainment functional objectives. The RST utilized both deterministic and
stochastic models for analyzing the riverine sustainment problem. During the analysis
models were developed Extend, SIMKIT, MATLAB, Excel and MANA to evaluate the

performance and effectiveness of the various alternatives.
The key findings of the functional groups are described as follows:

Supply Group

e Key factors of riverine sustainment supply success are supply ship cycle time,
basing alternative, logistics connector survivability, operational availability of
the SURC’s and cost. Given the supply ship cycle time, basing alternative,
and number of assets used, the RST was able to determine the most effective
configuration of connectors.

e Helicopters add very little to the overall performance of the configuration of
connectors, but they increase the cost significantly. If the RF operates from a
FOB with a supply ship cycle time between 4-7 days, then the most effective
connector is the LCU-2000. This is because the LCU-2000 can carry the
entire supply load in one run. When the supply ship cycle time increases to 8-
9 days, then the LCU-2000 can no longer carry the entire supply load in one
run. Instead, the Jim G becomes the most effective connector. This is
assuming that the RF would have to procure an LCU-1610 and LCU-2000. If
the procurement of the two crafts is not necessary, then the LCU-2000 with an
LCU-1610 would be the most cost effective configuration. If only one vessel
is used, then the Jim G will allow the maximum supply ship cycle time to
maintain a 95% operational availability of SURC’s due to fuel if the supply
ship cycle time is not specified.

o If the RF operates from a Nobrizat+tBarge MOB with a supply ship cycle time
between 4-7 days, then the most cost effective connector is the LCU-2000.
Similar to the FOB, the Nobriza+Barge requires a seven day supply load that
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can fit in the LCU-2000. When the supply ship cycle time increases to 8-9
days, then the LCU-2000 with an LCU-1610 is the most effective
configuration. Unlike the FOB, the Nobriza+Barge requires a slightly greater
supply load that would require a LCU-2000 and a Jim G to do multiple runs.
If only one vessel is used, then the Jim G will allow the maximum supply ship
cycle time to maintain a 95% operational availability of SURC’s due to fuel if
the supply ship cycle time is not specified.

If the RF operates from the RCSS, Endurance, or Sri Inderapura MOB with a
supply ship cycle time between 4-7 days, then the most effective configuration
of connectors is a Jim G with an LCU-1610. The increase in supply load
compared to the other basing alternatives requires multiple runs when a single
Jim G or two LCU-1610’s are used. When a Jim G and an LCU-1610 are
combined, they can re-supply the MOB in one run. When the ship cycle time
increases to 8-9 days, then two Jim G’s is the most effective configuration. If
only one vessel is used, then the Jim G will allow the maximum supply ship
cycle time to maintain a 95% operational availability of SURC’s due to fuel if
the supply ship cycle time is not specified.

For a single connector, the Jim G supported the best supply ship cycle time.

Repair Group

Increasing personnel, maintenance bays, or SURC did not have a significant
effect on improving operational availability in the repair model, and with this
in mind it is recommended that the status quo remain in place. However,
when considering the RST scenario constraint of maintaining at least 9
mission ready SURC’s at all times, the alternative of increasing both
personnel and maintenance bays was cheaper than procuring additional
SURC’s. Also, the model indicated that MSRT was the biggest factor that
affected SURC operational availability. MSRT’s exceeding 24-hours drove
operational availabilities below 80%. Given a logistically barren environment
as presented in the RST scenario, it is vital that an exhaustive PUK is
developed for the RF. This PUK must not only contain high failure rate items,
but also items that fail at moderate rates.

The model developed by the Repair Group can serve as a planning tool for a

wide variety of future riverine warfare operations. As key parametric changes

can be easily implemented within the model, such as environmental concerns,

Commander’s discretion, medical problems, and so forth, the Repair Group’s

model has established a foundation upon which such studies can be made.

Since every alternative, including the status quo, is very sensitive to MSRT,
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the repair model may serve as a tool for repair re-supply planning and
evaluation of logistics alternatives that involve faster connectors such as
airlift.

Force Protection Group

Current mortar defenses proposed by the RF are insufficient. The analysis
conducted in this study was with the aide of a host nation providing security
beyond the FOB’s perimeters out to the expected mortar range. Even though
the best alternative improved on the baseline by severely decreasing the
number of mortar rounds that hit the base, the modeling showed that three
mortar rounds still struck the base. This means that even with the mortar
defenses proposed in this study, the FOB could expect to be hit by mortar
rounds each time they are attacked. If the RF is based at the a FOB ashore,
then the host nation needs to provide robust perimeter defense. For the
decision maker deciding which basing alternative to consider, this is a major
consideration because a MOB can move and prove less susceptible to mortar
fire, especially with as wide a river as the Kampar.

The analysis also revealed that the ROSAMs were an excellent resource for
force protection in two different scenarios. The ROSAMs provide a reduction
in manpower, which decreased the RF footprint and also promoted greater RF
survivability when the FOB was attacked.

The MOB boat attack scenarios revealed that the Nobriza and Barge were the
most cost effective means to defend the RF when they were operating from a
MOB. The Nobriza provided excellent firepower without added exposure of
personnel, which was discovered to be a draw back for a patrol boat.

For perimeter defenses, IR illuminators coupled with the NVG’s are very
valuable assets. The RF should also consider using acquiring RDFW units for
the creation of bunkers.

Communications Technology

Communications equipment in use by riverine forces requires modernization

and increased capacity.
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e Worldwide Interoperability for Microwave Access (WiMAX) technology
showed the greatest potential for addressing riverine force communications

needs utilizing commercially available equipment currently in use in industry.

Because of the short duration of this study there were numerous areas that were

not examined. Chapter 10 has a complete list of areas for further study.

! Naval Expeditionary Combat Command, U. S. Navy Riverine Group, Concept of
Operations (Little Creek, VA: GPO, 2006), 22.

? James Beaver and others, “Systems Analysis of Alternative Architectures for
Riverine Warfare in 2010” (MS diss., Naval Postgraduate School, 2006), 19.

3 Chief of Naval Operations remarks as delivered at the National Defense Industry
Association Expeditionary Warfare Conference, Panama City, Fla., 26 Oct. 2005,
http://www.navy.mil/navydata/leadership/mist.asp?x=S.

* Naval Expeditionary Combat Command, “About Us,” Naval Expeditionary
Combat Command, http://www.necc.navy.mil/

> Navy Newsstand. “Navy Establishes First Riverine Group”, Navy.mil,
http://www.navy.mil/search/display.asp?story_id=23854.

® Naval Expeditionary Combat Command, U. S. Navy Riverine Group, Concept of
Operations, (Little Creek, VA: GPO, 2006), 7.

7 Andrew P. Sage and James E. Armstrong Jr., Introduction to Systems
Engineering (New York: John Wiley & Sons, 2000), 8-9.
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1. INTRODUCTION

1.1 BACKGROUND

A river is any natural stream of water that flows in a channel with defined banks.
There are 113 major river system basins in the world. They carry on average over 15%
of the world’s commerce. “Approximately 80% of the world’s population (4.8 billion
people) lives within 100 kilometers of the world’s major river basins.”® Control of the
river ways is vital to commerce and national security. In the aftermath of the 9/11
atrocities perpetrated against the United States, the U.S. began the Global War on
Terrorism (GWOT). The riparian environments are strategically important in support of
GWOT. They can be used for shipment of weapons, contraband, and illegal drugs to

support terrorist and insurgent operations.

Over the past several years it has become apparent that the U.S. Navy needed to
develop a brown water capability to better combat today’s threats. “The Chief of Naval
Operations Strategic Studies Group 24 recommended expanding the Navy’s green and
brown water capability to rebalance the force so the at the United States Navy can better

combat today’s green and brown water threat.”

Addressing the National Defense
Industry Association Expeditionary Warfare Conference in October 2005, the Chief of
Naval Operations (CNO), Admiral Mike Mullen emphasized the new landward push.
"There are great opportunities for the global security environment. Maritime Domain
Awareness -- that is where we are really going in respect to operations in green water and
brown water as we evolve that over time."'° The CNO followed his comment a few

months later when he established the Naval Expeditionary Combat Command in Little
Creek, Virginia.

“The U.S. Navy established the Navy Expeditionary Combat Command (NECC)
in January 2006 to serve as a single functional command to centrally manage
current/future readiness, resources, manning, training and equipping of the Navy’s
expeditionary forces.”"! The NECC’s mission is to integrate all war fighting requirements
for expeditionary combat and combat support elements. In May of 2006 the NECC

established Riverine Group One to serve as administrative command over three riverine
1



squadrons. According to Rear Admiral Donald Bullard, NECC’s commander, “we know
there are many areas around the world where rivers are the main lines of communication.
We, the Navy, need to expand in order to go into that brown water environment, to be
able to train and work with our combined allies and neighbors and make those lines of

communication secure.”'?

The focus of the Navy’s Riverine Group will be on conducting maritime security
operations (MSO) and theater security cooperation (TSC) in riparian areas of operations
or other suitable regions. This may entail protecting critical infrastructure, securing the
area for military operations or commerce, preventing the flow of contraband, enabling
power projection operations, joint, bi-lateral or multi-lateral exercises, personnel
exchanges, and humanitarian assistance.”> MSO entails policing the maritime domain to
prevent and/or disrupt terrorism, drug trafficking, piracy, environmental destruction and
human trafficking. Conducting exercises with other navies and providing Humanitarian
Assistance/Disaster Relief (HADR) typify cooperative TSC operations. The Riverine
Force (RF) will be capable of deploying world-wide within 96 hours in support of MSO

and TSC missions.

The Riverine Sustainment Team (RST) examined RF Logistics, Force Protection
(FP), and Repair in support of MSO in a riparian environment. RST analyzed current RF
baselines, technologies, force structures and assets and compared them with feasible
alternative that could be fielded by 2012. The study utilized agent-based and queuing

models to support alternative analysis, feasibility screening, and recommendations.

1.1.1 Countering the New Threat

During the Cold War Era the U.S. Navy built an impressive blue water war-
fighting capability to counter Soviet Union ships, aircraft, and submarines. In the late
1980’s, the Soviet Union and its military power dissolved after sweeping political
change. The U.S. Navy no longer had a potential adversary that could challenge them on
the high seas. “When the United States was attacked on September 11, 2001, its people

began to fully realize that it had entered into a new type of warfare, not against a



conventional army from a single hostile state, but rather against an unconventional enemy

operating world wide in states that failed or were teetering on the brink of collapse.”'*

The U.S. military and especially its Navy were ill-equipped to be effectively
utilized in the GWOT. The previous two CNO’s made positive strides in moving the
Navy from the deep blue water into the littorals. In his speech to students and faculty at
the Naval War College in August 2005, the CNO, Admiral Mike Mullen reiterated the

landward objective.

We cannot sit out in the deep blue, waiting for the enemy to come to us.
He will not. We must go to him. We need a green-water capability and a
brown-water capability. I want the ability to go close in and stay there. I
believe our Navy is missing a great opportunity to influence events by not
having a riverine force. We're going to have one."

In March 2007 that push continued as the NECC deployed Riverine Squadron
One to conduct security operations at the Haditha Dam on the Euphrates River in Iraq.

This event marked the first U.S. Navy Riverine deployment since the Vietnam Conflict.

1.1.2 Sustainment Definition

Sustainment is the provision of logistics and personnel services necessary
to maintain and prolong operations until mission accomplishment. The
focus of sustainment in joint operations is to provide the Joint Force
Commander (JFC) with the means to enable freedom of action and
endurance and extend operational reach. Effective sustainment determines
the depth to which the joint force can conduct decisive operations;
allowing the JFC to seize, retain and exploit the initiative.'®

The RST focused on how best to support a Riverine Squadron in a logistically
barren environment. Logistically barren environment is defined as an operating area that
is not serviced by an adequate airport or port facility. These areas are typical unimproved
areas with dense vegetation making them unsuitable for fixed-wing operations. The RST
decomposed sustainment into three distinct functional areas: supply, repair, and force

protection.

The Joint Chiefs of Staff (JCS) describe supply as “the procurement, distribution,

maintenance while in storage, and salvage of supplies, including the determination of
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kind and quantity of supplies”'” The U.S. military relies heavily on an extensive supply
chain network to sustain its unit’s world wide. Continental United States (CONUS)
ports, strategic lift, forward logistic sites (FLS), intra-theater support, and shuttle lift are
primary components of the U.S. military logistics system. This collection of ports,
connectors and transfers are responsible for moving a vast array of supplies anywhere in

the world.

The supplies that are transported by strategic lift and intra-theater shuttles can

carry a multitude of products for the combatant commander. Those supplies are

separated into ten different classes which are illustrated in Table 1.

CLASSES

Class I -
Subsistence

Class II - Clothing,
Individual
Equipment, Tools,
Admin. Supplies

Class III -
Peiroleum, Qils, s
Lubricanits

Class TV -
Constructon —
Materials

Class WV -
Ammuniton 4

Class VI - Personal
Demand Iiems

Class VII - Major
End Items: Racks,
Pylons, Tracked
Vehicles, Eic.

Class VIII -
Me dical Materials

Class IX - Repair
Paris

Class X - hMaterial
For Monmilitary al
Programs o

Table 1.

STBCLASSES

& — HMonperishable

C - Combat Rations

E - Refrigerated

3 - Other Nonrefrigerated
W — VWater

A - Adr

E - Ground Support Lateriel
T - Industrial Supplies

E - General Supplies

2 - POL for &drcraft

W - POL for Swarface Vehicles

F - Packaged POL

A - Constraction
E — Barrier

2 - Ay Delivery
W — Ground

A — Ay

E - Ground Support Lateriel
D - Admin Vehicles

I - Racks, &Adaptors, Pylons
E - Tactical ¥ehicles

& - Mledical Materiel
E - Blood / Fluids

A — Adr

E - Ground Support Iateriel
D - Admin Vehicles

G — Electronics

E - Tactical ¥ehicles

Classes of Supplies'®

4

G — Electronics
I - Weapons
F - Clothing

G - Electronics

L - Mlizsiles
LI - Wieapons
H - Epecial Weapons
Z - Adrcraft Engines

L - Missiles

L - Weapons

M - Bpecial Weapons
- Avdrcraft Engines



Classes 1 (subsistence), 3 (petroleum, oils, and lubricants), 5 (ammunition)
comprised a large majority of the overall supply demand. The RST concentrated on the
transfer of these classes and class 9 (repair parts) within the area of operation (AO) to

sustain the RF.

Another pivotal function of RF sustainment is repair. Joint Publication 1-02
defines repair as “the restoration of an item to serviceable condition through correction of
a specific failure of unserviceable condition.””® Proper preventive and corrective
maintenance (repair) is vital to operational readiness. Preventive maintenance includes
routine inspections, testing, and service to keep equipment in the highest states of
readiness. When non-routine malfunctions occur, corrective maintenance must be
conducted to return the equipment to good working order. The RST looked primarily at
the repair of the RF’s 12 small unit riverine craft (SURC), and 65 pieces of rolling gear.
The goal of the study was to find the optimal number of maintainers with the right mix of

skill-sets to deliver the highest availability rates.

The SURC was introduced in 2004 to replace the aging Riverine Assault Craft
(RAC) and rigid raiding craft (RRC). It provides “mobility, speed, endurance, firepower,
payload, survivability, and command and control capabilities to support sustained

operations in a riparian environment.”*’

With its twin 440-horsepower engines, the
SURC can accelerate from zero to 25 knots in 15 seconds and achieve a top speed of 40
knots. This boat is designed to operate in shallow river environments (2 foot draft),
supports crew-served weapon systems from three gun mounts, and transports boarding

teams of ten or less.

The RF deploys with 65 pieces of rolling-gear. Rolling-gear consists of SURC
trailers, medium tactical vehicle replacements (MTVR’s), high mobility multi-purpose
wheeled vehicles (HMMWYV’s), 5-ton wreckers and various forklifts. This support gear
is vital to deploying and sustaining the RF.

The third critical sustainment function is force protection.

Force protection includes preventive measures taken to mitigate hostile
actions against DOD personnel, resources, facilities, and critical
information. These actions conserve the force’s fighting potential so it can
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be applied at the decisive time and place and incorporates the integrated
and synchronized offensive and defensive measures to enable the effective
employment of the joint force while degrading opportunities for the
adversary. Force protection is achieved through the tailored selection and
application of multilayered active and passive measures, with the air, land,
maritime, and space domains and the information environment across the
range of military operations with an acceptable level of risk. Intelligence
sources provide information regarding an adversary’s capabilities against
personnel and resources, as well as providing timely information to
decision makers regarding force protection considerations.?!

The RST examined force protection measures for the forward operating base
(FOB) in the riparian environment. The FOB is an ashore, support base that requires a
secured perimeter and actionable intelligence for force protection. The overarching goal
of the force protection system (FPS) was to deter, predict, and deny the enemy. Deter
employs a system of warnings and show of force to ward off enemy and non-combatants
alike. Predict utilizes the RF’s intelligence resources (unmanned aerial vehicles, non-
organic and organic intelligence systems) to observe and forecast the enemy’s
movements, intensions and actions. And deny combines the RF base’s self-defense
capabilities to engage hostile elements and block their entry. Any FPS would be useless
without effective communication.

“Fighting with a large army under your command is nowise different from
fighting with a small one; it is merely a question of instituting signs and signals.”*
Command, Control and Communications (C3) are vital to any military operations.
“Command and control is the exercise of authority and direction by a properly designated

. . . .. )
commander over assigned and attached forces in the accomplishment of the mission.”>’

No single activity in military operations is more important than C2. Alone
C2 will not destroy a single adversary target or affect a single emergency
re-supply. Yet, none of these essential joint force activities, or any others,
would be possible without effective C2. A superior communications
system helps commanders to maintain the unity of effort to their forces’
capabilities at the critical times and places to win.**

The RST communications effort focuses on enabling this connectivity in a
coalition environment that includes not only joint forces, but also governmental, non-

governmental, and foreign military units.



1.1.3 Historical Analysis

U.S. Navy Riverine Warfare is definitely not a term uttered or considered in many
years. However, with the emerging Global War on Terrorism (GWOT) and the Navy’s
vision of effectively increasing its capabilities to combat this new threat, the U.S. Navy
has established the Naval Expeditionary Combat Command (NECC). This new command
will essentially fill the capability gap in this new effort by increasing the Navy’s power

projection capability.

Riverine Warfare has always played a major role in every major conflict or
campaign throughout the U.S. Military’s long and distinguished history. This section
will not detail the history of the U.S. Riverine Forces and campaigns. However, this
section will summarize lessons learned from these past historical events. An important
part of history is being able to draw conclusion from it and applying the lessons learned

in order to make more informed decisions and not repeat the same mistakes over again.

The U.S. military has historically maintained an “on again, off again” relationship
with riverine forces. During every major conflict throughout U.S. history there has arisen
the need for a riverine capability. This riverine capability was developed and deployed to
meet the current needs and threats of the period. However, once the conflicts were over,
the riverine forces were disbanded. There are several reasons for this occurrence though
time. Changes in political policies, budgetary constraints, and the primary focus of the
U.S. Navy have all played major roles in the demise of a long standing U.S. Riverine

Force and capability.

From the Revolutionary War through the Vietnam Conflict, the Riverine force
was developed and deployed within a year’s time.”> This war fighting capability gap was
hastily fielded with ad hoc vessels and personnel to meet the requirements of those
periods. Tactics, training, craft concepts, and personnel experience had to be developed

from scratch in order to field these forces.

In every U.S. conflict, the U.S. riverine forces were developed with a large variety

of riverine craft. Each craft played various and vital roles.



Operations on or projected from inland waters have come to be called
"riverine warfare." Here fighting craft, tailored as necessary to the
environment, bring combined operations the unique advantages of power
based afloat--greater mobility, ease of concentration, swift shift of
objectives, speed, flexibility, versatility, and surprise. If water permits,
large ships like cruisers and destroyers blast aside opposition. For
shallower depths many types of small warcraft develop to fit the need. We
have seen this occur throughout United States history since riverine
operations on small or large scale have entered into most of the limited or
world wars that seem our fate®®

Attempts have been made to develop a single craft for riverine use, but all have
fallen short of their objectives. This is probably due to the large numbers of various
missions and roles that a riverine force has to perform as well as the different operating

environments these craft are subjected to.

In summary, the U.S. needs to develop a permanent riverine war fighting
capability and develop policies to ensure its longevity. This riverine capability has
proven itself again and again and by dismantling this force as soon as a major conflict is
over is detrimental because the lessons learned, tactics, and personnel experiences are all
lost in the sands of time. An Inland Water Force must be thoroughly developed using
proven engineering techniques and analysis in order to be effective, which takes time to
do effectively. Fielding ad hoc forces in a short period of time is essentially placing
personnel in a heightened risk of danger due to inadequate training and ineffective,
unproven equipment. Using the systems engineering approach with detailed analysis will
also prove that no one riverine craft is suited to effectively fill all the capabilities required
for the numerous missions and environments that these craft will be subjected to. An
informed, decisive effort must be put forth in order to properly develop, train, and deploy

these forces that can effectively and safely complete the required missions.

1.2 PURPOSE
This collaborative study will serve as Systems Engineering and Analysis (SEA)
Cohort 11 Integrated Project. Biannually the Wayne E. Meyer Institute of Systems

Engineering sponsors this campus-wide effort at the Naval Postgraduate School. On



December 12, 2006, the project team received the SEA-11 Capstone Project Objectives

Memorandum from the institute with the following guidance:

Collaborate with the Naval Expeditionary Combat Command (NECC) to
design a system of systems for performing emerging Navy missions
associated with coalition operations in littoral and riverine environments.
Potential Focus Areas: capability gaps and potential options for enabling
future multi-national operations; joint, interagency, and intergovernmental
command and control and information exchange; and CONOPS for joint,
interagency, and international operations.”’

The study was directed to assume a cooperative, international, environment,

which echoed the U. S. Navy’s “1,000 Ship Navy” concept.

All maritime nations are affected by these challenges and all must bear a
hand in taken them on. There is no one nation that can provide a solution
alone. A global maritime partnership is required that unites maritime
forces, port operators, commercial shippers, and international,
governmental and nongovernmental agencies to address mutual concerns.
The concept is not actually about having 1,000 international ships at sea.
Rather, it is more about capabilities, such as speed, agility and
adaptability. Membership in this navy is purely voluntary and has no legal
or encumbering ties. It is a free-form, self-organizing network of
maritime partners —good neighbors interested in using the power of the sea
to unite, rather than divide.”®

This initiative challenged the Navy to leverage its current partnerships and forge

new ones to create a more secure maritime domain.

SEA 11 was tasked to fully integrate international students from the Temasek
Defence Systems Institute (TDSI) into the study.

TDSI is a strategic alliance between two eminent institutions: the U.S.

Naval Postgraduate School (NPS) and the National University of

Singapore (NUS).TDSI was established on 11 July 2001 to provide the

platform to bring together military staff and defence technologists in an

education and research environment. TDSI aims to produce graduates who

understand the complexities of a military force, so as to be able to create

maximum leverage by the integration of operations and technology.”

The TDSI students came from several different academic backgrounds that
included Operations Research, Weapon Systems, Communications, Information

Assurance, and Modeling, Virtual Environments, and Simulation (MOVES). To leverage
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the diverse talents of both groups, the SEA 11 Cohort and TDSI students formed the RST
and developed four integrated project teams (IPT’s): supply, repair, force protection, and
communications. The four IPT’s addressed the critical operational issues and delivered

the system engineering products within their functional area.

The newly formed RST was given further instruction to seek out additional
expertise within NPS.

You will be expected to identify and integrate students and faculty from

across the campus to participate in your projects. This participation could

include students who would join your groups, students doing related

individual thesis topics, and faculty inside or outside NPS who have

expertise related to your projects. It will be your responsibility to
integrate the efforts of outside participants in your projects.”

In addition to the TDSI students and faculty, the project team collaborated with
the Coalition Operating Area Surveillance and Targeting System (COASTS) and Tactical
Network Topography (TNT) programs to gain additional insights. The COASTS and
TNT programs are bottom-up efforts which seek to provide timely situational awareness

using commercial off-the-shelf wireless networking technologies.

1.3 SCOPE

The RST consisted of eight students from NPS and 17 from TDSI. All NPS
personnel were from the systems engineering and analysis curriculum, but their
operational experiences were diverse: three U.S. Naval Surface Warfare Officers (one
with special boat training), a U.S. Army Artillery Officer, a U.S. Naval Submariner
(former U.S. Marine), a U.S. Naval Flight Officer, and two recent graduates from the
Naval Academy. The SEA-11 Cohort began work on the campus-wide project in
November 2006, with a completion date of June 2007. In mid-November, the SEA-11
and TDSI students shared their project ideas by way of video teleconference. The final

project tasking from the Wayne E. Meyer Institute was received in mid-December.

In January 2007, the TDSI students arrived at NPS to begin their one year of
instruction. TDSI students were enrolled in several different curriculums at NPS:

operations research (OR), information assurance (IA), communications, weapon systems,
10



sensor systems, and MOVES. The TDSI student hailed from several different
backgrounds: four defense contractors from Singapore Technologies, three Singaporean
government employees from the Defence Science and Technology Agency, one scientist
from the Defence Science Organisation National Laboratory, six Singaporean Army

Officers, a Singaporean Naval Officer, a U.S. Naval Submariner, and an Israeli Army

Officer.

The RST gathered and organized information from students, professors, experts,
and stakeholders from NPS, Massachusetts Institute of Technology (MIT), Naval
Expeditionary Combat Command (NECC), Naval Special Warfare Group Four, Naval
Special Warfare Group One, Logistics Support Group One, Naval Small Craft Instruction
and Technical Training School (NAVSCIATTS), Special Boat Team Twenty-Two, and
Naval Sea Systems Command’s (NAVSEA) Operations Logistics Group.

The guidance from the Meyer’s Institute to the RST was to develop a system that
addresses Maritime Security Operations (MSO) in the riparian and littoral environment
(Appendix B). Given the CNO’s recent comments, “there are great opportunities for the
global security environment. Maritime Domain Awareness -- that is where we are really

going in respect to operations in green water and brown water as we evolve that over

time.*!”, the RST decided to focus on the landward areas that are referred to as brown

water. Within the brown water environment the RF has been tasked with the MSO

mission.

MSO is the principle mission for the riverine group. MSO help maintain
security on the seas, or in this case the rivers and inland waterways that
the riverine squadrons will expected to operate. They are one of the most
important Navy efforts used to combat sea-based terrorism and other
illegal activities, such as transporting components of weapons of mass
destruction, hijacking, piracy, and slavery, also known as human
trafficking. In this case maritime security operations would be primarily
involved in the rivers, lakes, harbors and deltas within the Joint Force
Maritime Component Commander’s (JEMCC) battlespace. To conduct
these operations, the riverine group will be involved in patrol and
interdiction, anti-piracy, and Maritime Interdiction Operations/Extended
Maritime Interdiction Operations (MIO/EMIO) with their area of
operations.™”
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Once the problem was refined to MSO in the riverine environment, further
bounding was required to support the project deadlines.
To bound a project means to understand the limitations associated with the
project, the changes that can be made to achieve desired objectives, and
the important quantities that are likely to change as a result of the project.
In systems terms, this means identifying the constraints, parameters, and
variables for the project. Constraints are the limits that must be observed
for the project. Constraints include realistic considerations related to
things such as money, time, people, organizations, and society. For

example, most projects have budget time deadlines, and environmental
impact constraints.”

The RST initially bounded the problem to the area of operations (AO) which
simplified the logistics considerations considerably. Both the movement of the RF and
supplies to sustain the RF to the AO were intentional left out to enable the timely delivery

of this report.

Based on functional areas the RST was divided into four integrated project teams
(IPT’s): Supply; Repair; Communications, and Force Protection. Each group had one or
two system engineering students and several TDSI students. To the best extent possible,
the TDSI students were place in IPT’s that would support their individual curriculum

tracks. This organizational IPT structure is illustrated in Figure 1.

RST

Force .
Protection 3 Supply Repair
SEA (1) SEA (1) SEA (2) SEA (2)
Sensor (1) Comm (3) OR (4) Sensor (1)
Weapon (1) 1A (1) Weapon (1) Weapon (1)
MOVES (1) MOVES (2) 1A (1)

Figure 1.  RST Breakdown
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The Force Protection IPT was tasked with defining the FOB footprint and
designing alternative architectures for FOB force protection. . Developing a coalition
command and control network was the responsibility of the Communications’ IPT. Due
to the overall vision of this project focusing on the sustainment of the RF, the
Communications aspect did not develop along this functional area. = However,
Communications of the RF is developed and discussed in Appendix E. The Repair IPT
focused on the man-hour requirement and critical skills need for the upkeep on the
forces’ riverine craft and support equipment. And comparing several throughput systems

to support the FOB and MOB physical architectures was the goal of the Supply IPT.

14 REGIONAL CHARACTERISTICS
14.1 Economy

Indonesia, a vast polyglot nation, has struggled to overcome the Asian
financial crisis, and still grapples with persistent poverty and
unemployment, inadequate infrastructure, endemic corruption, a fragile
banking sector, a poor investment climate, and unequal resource
distribution among regions. The country continues the slow work of
rebuilding from the devastating December 2004 tsunami and from an
earthquake in central Java in May 2006 that caused over $3 billion in
damage and losses. Declining oil production and lack of new exploration
investment turned Indonesia into a net oil importer in 2004. The cost of
subsidizing domestic fuel placed increasing strain on the budget in 2005,
and combined with indecisive monetary policy, contributed to a run on the
currency in August, prompting the government to enact a 126% average
fuel price hike in October. The resulting inflation and interest rate hikes
dampened growth through mid-2006, while large increases in rice prices
pushed millions more people under the national poverty line. Economic
reformers introduced three policy packages in 2006 to improve the
investment climate, infrastructure, and the financial sector, but translating
them into reality has not been easy. Keys to future growth remain internal
reform, building up the confidence of international and domestic investors,
and strong global economic growth. Significant progress has been made in
rebuilding Aceh after the devastating December 2004 tsunami, and the
province now shows more economic activity than before the disaster.
Unfortunately, Indonesia suffered new disasters in 2006 and early 2007
including: a major earthquake near Yogyakarta, an industrial accident in
Sidoarjo, East Java that created a "mud volcano," a tsunami in South Java,
and major flooding in Jakarta, all of which caused additional damages in
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the billions of dollars. Donors are assisting Indonesia with its disaster
mitigation and early warning efforts.*

1.4.2 Geography

Indonesia is the largest archipelago in the world. It consists of five major
islands and about 30 smaller groups. The figure for the total number of
islands is 17,508 according to the Indonesian Naval Hydro-Oceanographic
office. The archipelago is on a crossroad between two oceans, the Pacific
and the Indian, and bridges two continents, Asia and Australia. This
strategic position has always influenced the cultural, social, political, and
economic life of the country. The five main islands are: Sumatra, which is
about 473,606 sq km in size; the most fertile and densely populated
islands, Java/Madura, 132,107 sq km; Kalimantan, which comprises two-
thirds of the island of Borneo and measures 539,460 sq km; Sulawesi,
189,216 sq km; and Irian Jaya, 421,981 sq km, which is part of the world's
second largest island, New Guinea. Indonesia's other islands are smaller in
size. The archipelago is divided into three groups. The islands of Java,
Sumatra, and Kalimantan, and the small islands in-between, lie on the
Sunda Shelf which begin on the coasts of Malaysia and Indo China, where
the sea depth does not exceed 700 feet. Irian Jaya which is part of the
island of New Guinea, and the Aru Islands lie on the Sahul Shelf, which
stretches north wards from the Australia coast. Here the sea depth is
similar to that of the Sunda Shelf. The land area is generally covered by
thick tropical rain forests, where fertile soils are continuously replenished
by volcanic eruptions like those on the island of Java. The country is
predominantly mountainous with some 400 volcanoes of which 100 are
active. Mountains higher than 9000 feet are found on the islands of
Sumatra (Mt. Leuser and Mt. Kerinci); Java (Mt Gede; MLt.
Tangkubanperahu, Mt. Ciremai, Mt. Kawi, Mt. Kelud, Mt. Semeru and
Mt.Raung), Sulawesi (Mt. Lompobatang and Mt. Rantekombala), Bali
(Mt. Batur and Mt. Agung), Lombok (Mt. Rinjani) and Sumbawa (Mt.
Tambora). The highest mountain is the perpetually snow-capped Mandala
Top (15,300 feet) in the Jaya Wijaya mountain range of Irian Jaya. Many
rivers flow throughout the country. They serve as useful transportation
routes on certain islands, for example, the Musi, Batanghari, Indragiri and
Kampar rivers in Sumatra; the Kapuas, Barito, Mahakam and Rejang
rivers in Kalimantan; and the Memberamo and Digul rivers in Irian
Jaya.On Java rivers are important for irrigation purposes, i.e., the
Bengawan Solo, Citarum and Brantas rivers.”

Due to the large number of islands, Indonesia has about 54,716 km (about
33,999 mi) of coastline, much more than most countries. The country
claims all waters surrounding its islands to 12 nautical miles (22 km/14
mi) from the coastline. Indonesia’s exclusive economic zone, an area of
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1.5

the ocean in which the country controls fishing and other rights, extends
200 nautical miles (370 km/230 mi) from its shore.*®

1.4.3 Climate and Weather

The climate and weather of Indonesia is characterized by two tropical
seasons, which vary with the equatorial air circulation and the meridian air
circulation. The displacement of the latter follows the north-south
movement of the sun and its relative position from the earth, in particular
from the continents of Asia and Australia, at certain periods of the year.
These factors contribute to the displacement and intensity of the Inter-
Tropical Convergence Zone (ITCZ) which is an equatorial trough of low
pressure that produces rain. Thus, the west and east monsoons, or the rainy
and dry seasons, are a prevalent feature of the tropical climate. The
climate changes every six months. The dry season (June to September) is
influenced by the Australian continental air masses; while the rainy season
(December to March) is the result of the Asian and Pacific Ocean air
masses. The air contains vapor which precipitates and produces rain in the
country. Tropical areas have rains almost the whole year through.
However, the climate of Central Maluku is an exception. The rainy season
is from June to September and the dry season from December to March.
The transitional periods between the two seasons are April to May and
October to November. Due to the large number of islands and mountains
in the country, average coastal plain temperatures are 28 degrees
Centigrade with an average relative humidity between 70% and 90%.””’

Average rainfall in the lowlands varies from 1,780 to 3,175 mm (70 to 125
in) per year, and in some mountain regions rainfall reaches 6,100 mm (240
in) per year. The regions with the highest rainfall include the mountainous
western coast of Sumatra and the upland areas of western Java,
Kalimantan, Sulawesi, and Papua.’®

PHYSICAL BASING ALTERNATIVES

Riverine forces often operate in remote locations and may not be
collocated with existing support facilities. A Riverine Support Base
should be established to provide operational and logistic support to the
riverine forces. Base sites should balance the ability to support riverine
forces with force protection concerns while maximizing accessibility to
land, water, and air re-supply and communications lines. The Riverine
Support Base functions must be tailored to the mission and expected
deployment length.”
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The RST envisioned three RF support base options: forward operating base

(FOB), mobile operating base (MOB) and global fleet station (GFS).

“The riverine support base functions must be tailored to the mission and expected

deployment length. Support functions include:

Operational Support. C4I and operational planning and evaluation support are
essential. Communications with all attached joint forces special attention
Medical Support. Emergency medical services must be provided. Medical
supply stocks, inventory control, and shelf life require special consideration.
Logistics. Supplies flow to the riverine support base for further distribution to
the supported units. Supplies include ordinance, fuel, food repair parts, and
medical.

Helicopter Support. The employment of forces to remote and disperse areas
makes it difficult to ensure lines of supply and communications. To provide
for emergency supply, MEDIVAC, and reinforcement support, a helicopter
unit should be provided to the base.

Maintenance. Facilities must be provided for weapons, ordinance, and
riverine craft maintenance. The scope of the maintenance support provided
will depend on the expected combat damage along mission tempo and
duration. Contingency stocking and ready for issue spares.

Administration. The riverine operating environment and the limited clerical
manpower make conducting administrative tasks difficult for operating forces.
Administrative task should be accomplished by support base personnel and,
where possible, maintain service, pay, medical, and dental records.

Salvage. The base or other supporting units can provide salvage support.*’

In addition, the support base maintained storage for the RF’s POL, water,

ammunition, and food stores. Finally, the support base provided force adequate

protection and hotel services for the RF.
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1.5.1 Forward Operating Base (FOB)

For the purpose of this study the FOB was a support base that is located ashore
along the river. This support base contains space for command and control, intelligence,
supply, warehousing, storage, docking, maintenance, administration, berthing, dining,
shower and head facilities and hotel services. “Ideally the base should accessible by air,
road, and water in order to facilitate rapid and reliable lines of communication.”' The
FOB had an area that was cleared out to facilitate helicopters and unmanned aerial
vehicle (UAV) operations. Also, a security perimeter with guard towers and fence lines
was established to support force protection measures. On the river adjoining the base,
netting and other force protection measures were implemented to impede hostiles. The
riverbank’s ground composition is firm enough to support the launching and landing of
patrol craft and logistic connectors. The FOB acts as the ashore mission and logistics

center hub for the RF. Figure 2 depicts a FOB in Iraq.

Figure 2. FOB in Iraq®

1.5.2 Mobile Operating Base (MOB)
The MOB has all the capabilities of the FOB, but it is afloat on the river. Unlike
the GFS that operates in permissive environments in international waters, the MOB

operates in a non-permissive environment. The MOB heavy armor protects against small
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arms and crew-served weapons. In addition to the heavy armor, the FOB has a robust
direct fire capability to defeat level one and two ambushes. Figure 3 is the Columbian

built MOB, the Nobriza.

Figure 3.  Columbian MOB, Nobriza*

1.5.3 Global Fleet Station (GFS)

The CNO is currently developing a concept known as the Global Fleet
Station.  GFS addresses the steady-state forward presence basing
requirement critical to shaping and stability operations that enable
persistent interaction with foreign navies and populations. A GFS is a
self-sustain home base from which to conduct regional shaping and
deterrence operations. It is a base from which tailored, adaptive force
packages can be launched in response to natural disasters and actionable
intelligence. It affords a small force the ability to engage terrorist or
terrorist networks. A GFS is envisioned to have the ability to sustain and
employ riverine units throughout a region in support of phase 0 operations
or to conduct direct support of GWOT (e.g., surveillance, MIO, and
combat insertion)*

For the Riverine Sustainment study the GFS would operate in a permissive
environment approximately 20 miles from the river mouth. Figure 4 is the San Antonio

Class (LPD-17), an alternative GFS for the RF.
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Figure 4. The San Antonio Class (LPD-17)*

1.6 METHODOLOGY
The methodology section elaborates on the process the RST used to conduct its

riverine sustainment analysis.

Methodology is an open set of procedures for problem solving.
Consequently, a methodology involves a set of methods, a set of activities,
and a set of relations between the methods and the activities. Generally,
these include a variety of qualitative and quantitative approaches from a
number of disciplines that enable formulation, analysis, and interpretation
of the phased efforts that re associated with the definition, development,
and deployment of both an appropriate process and the product the results
from use of this process. Associated with a methodology is a structured
framework into which particular methods are associated for the solution of
a specific issue.*®

1.6.1 System Engineering

Systems engineering is a top-down, problem solving process that captures
stakeholders’ needs, analyzes alternatives and advocates a solution.

Systems engineering is a management technology to assist and support

policy making, planning, decision making, and associated resource

allocation or action deployment. Systems engineers accomplish this by

quantitative and qualitative formulation, analysis, and interpretation of the

impacts of action alternatives upon the needs perspectives, the institutional

perspectives, and the value perspectives of their clients or customers.*’

System Engineering is not a new concept; it has been around since the early

1900’s.
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The term systems engineering dates back to Bell Telephone Laboratories
in the early 1940’s. The RAND Corporation was founded in 1946 by the
United States Air Force and created systems analysis, which is certainly an
important part of systems engineering. The Department of Defense
entered the world of systems engineering in the late 1940’s with the initial
development of missiles and missile-defense systems. The first attempt to
teach systems engineering as we know it today came in 1950 at MIT.*

Today, as projects become more complex and the margin of error shrinks, proper
systems engineering is increasingly important.
The systems engineering process as an organized approach to creativity. It
is not a pointless and unstructured free-for-all, nor is it a strict regimen for
formulation, analysis and interpretations of large issues associated with the
definition, development, and deployment of systems. Often, one of the
hardest points for many systems engineering students to understand is that,
for most systems engineering problems, there is no single solution, and
often no single best solution. There are alternatives, some of which are
better than others from some perspectives. The student of systems

engineering should not look forward to problems that are well-defined and
that can be solved simply by finding the right tool.*

According to Sage and Armstrong there are “three fundamental steps for a
systems engineering activity:

e [Issue formulation

e Issue analysis

e Issue interpretation

These are each conducted at each of the life-cycle phases that have been chosen

for the definition, development, and deployment efforts that lead to the engineering of a

system. Regardless of the way in which the systems engineering life-cycle process is

characterized and regardless of the type of product or system or service that is being

designed, all characteristics of the phases of the systems engineering life cycles will
necessarily involve:

e Formulation of the Problem — in which the needs and objectives of a client

group are identified, and potentially acceptable design alternatives, or options,

are identified or generated.
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e Analysis of the Alternatives — in which the impacts of the identified design
options are identified and evaluated.

e Interpretation and Selection — in which the options, or alternative courses of
action, are compared by means of a n evaluation of the impacts of the
alternatives and how these are valued by the client group. The needs and
objectives of the client group are necessarily used as a basis for evaluation.
The most acceptable alternative is selected for implementation or further study

in a subsequent phase of systems engineering.

The RST model of the steps of the logic structure of the systems process, shown
in Figure 5, is based upon this conceptualization.”® The solid lines flowing downward
indicate the primary information flow and the dotted lines flowing upward depict the

flow of feedback.

Formulation

A

h

Analysis

A

h

Interpretation

Figure 5.  An Analytical Framework Used Throughout the Systems Engineering and
Analysis Process.”'

1.6.2 Systems Architecture
“Architecture as the scheme of arrangements of the components of a system, and
it describes features that are repeated throughout the design and explains the relationship

among the system’s palrts.”52
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Systems architecture begins with the system’s operational concept and
includes the development of three separate architectures (functional,
physical, and operational) as part of this decomposition. The functional
architecture defines what eh system must do, that is, the system’s
functions and the data that flows between them. The physical architecture
represents the portioning of physical resources available to perform the
system’s functions. Figure 6 suggests that the functional and physical
architectures are developed independently of each other and then
combined to form the operational architecture. This suggestion is
inaccurate, rather the two architectures are developed in parallel, but with
close interaction to ensure that the operational architecture is meaningful
when the functional and physical architectures are combined.”

Operational Concept

T

Functional Physical
Architecture Architecture

\/

Operational Architecture

Figure 6.  Systems Architecture™

An operational concept is a vision for what the system is (in general
terms), a statement of mission requirements, and a description of how the
system will be used. The shared vision is from the perspective of the
system’s stakeholders, addressing how the system will be developed,
produced, deployed, trained, operated and maintained, refined, and retired
to overcome some operational problem and achieve the stakeholders’
operational needs and objectives. Figure 7 shows the primary choices that
were considered by the National Aeronautics and Space Administration
(NASA) engineers in determining an operational concept for landing on
the moon during the 1960s.>

In section two of this technical report the RST has developed an in-depth riverine

sustainment operational concept.

22



Direct Ascent:
Earth-Earth Orbit-
Mocon-Earth

Earth Orbit Rendezvous:
Earth-Earth Orbit-Moon-
Earth Orbit-Earth

Lunar Qrbit Rendezvous: {
Earth-Earth Orbit-Lunar Orbit- /*
Moon-Lunar Qrbit-Earth

Figure 7.  Alternate operational concepts for Apollo’s moon landing.*®

Time—tested engineering of systems has shown that the design process for
a system has to consider more than the physical side of the system; the
functions or activities that the system has to perform are a critical element
for the design process to be successful on a consistent basis. This is not to
say that the designs of functions and physical resources for the system
proceed independently; they cannot. However, for success these two
design elements must be equal partners tin the design process, providing
checks on each other and complementing each other’s progress. The
functional architecture of a system contains a hierarchical model of the
functions performed by the system, the system’s components, and the
system’s configuration items (CI’s); the flow of informational and
physical items from outside the system through the transformational
processes of the system’s functions and on to the system’s items; and a
tracin%7 of input/output requirements to both the system’s functions and
items.

The physical architecture of a system is a hierarchical description of the
resources that comprise the system. This hierarchy begins with the system
and the system’s top-level components and progresses down to the CI’s
that comprise each intermediate component. The CI’s can be hardware or
software elements or combinations of hardware and software, people,
facilities, procedures, and documents (e.g., user’s manuals).>®
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There are two kinds of physical architectures: generic and instantiated.

The generic physical architecture defines the hierarchy in general terms,
for example, two processors with associated software, a person, and a
building. The instantiated physical architecture lays out the specifics of
the processors, software, person, and building in enough detail to permit
performance modeling of the system related to the requirements being
addressed. The intent of systems engineers should not be to design these
components but rather to state representative instantiations for the generic
components that are sufficient to model the performance of the system and
ensure that the requirements decomposition process makes sense.

The exit criterion for the development of the physical architecture is the
provision of a single physical architecture that is satisfactory in terms of
detail, quantity, and quality for development of the operational
architecture. This satisfaction of detail, quantity, and quality is typically
preceded by the creation of several alternate physical architectures for
consideration during the development and refinement of the operational
architecture.”

The development process for the operational architecture is the activity
during which the entire design comes together. The operational
architecture integrates the requirements decomposition with functional and
physical architectures. = The process of developing the operational
architecture provides the raw materials for the definition of the system’s
external and internal interfaces and is the only activity in the design
process that contains the material needed to model the system’s
performance and enable trade-off decisions. The design process is like
peeling onion; each of these activities in the design process should be
completed at a high level of abstraction (low level of detail), culminating
in an operational architecture at this high level of abstraction for a set of
sub-systems that comprise the system. Then the entire process is repeated
at lower levels of abstraction (greater detail) for the next tier of
components (peel of the onion). This repetition at lower and lower levels
of abstraction (greater and greater detail) is continued as long as useful to
the design process. As details determine problems with the design,
decisions are reviewed and changes are implemented at the higher levels
of abstraction as needed.®’

1.6.3 Joint Capabilities Integration and Development System

The Joint Capabilities Integration and Development System (JCIDS) is a
joint-concepts-centric capabilities identification process that allows joint
forces to meet future military challenges. The Joint Capabilities
Integration and Development System process assesses existing and
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proposed capabilities in light of their contribution to future joint concepts.
JCIDS, supported by robust analytic processes, identifies capability gaps
and potential solutions. While JCIDS considers the full range of doctrine,
organization, training, materiel, leadership and education, personnel and
facilities (DOTMLPF) solutions, for purposes of this Guidebook, the focus
remains on the pursuit of materiel solutions.®'

1.6.4 RST Systems Engineering Design Process

Systems engineering is rooted in problem solving and seeks to apply an
organized, analytical process to the development of solutions to complex
problems. The process begins with identification of a want or desire for
something and is based on a real or perceived deficiency.”

The RST utilized proven systems engineering principles and architectures to
define, analyze, and interpret riverine sustainment in 2012. The RST also incorporated
the DOTMLPF process to develop feasible alternatives for RF sustainment. Finally, the
RST used Buede’s functional, physical, and operational architectures as a blueprint for

the analysis.

1.6.5 Project Management Plan

The Project Management Institute (PMI), the leading certification body for
project management, defines project management as: the application of
knowledge, skills, tools, and techniques to project activities to meet
project requirements. Seasoned project teams view managing
requirements and the project scope as the most critical elements of
managing he project. The Project and its requirements start with
expressed needs and end only those needs are satisfied as evidenced by
successful user validation.”

The needs are met for the RST when the revised problem statement is addressed

completely.

Once technical and business requirements are established as consistent, the
balance needs to be maintained. The budget and schedule must enable
achievement of the technical requirements. Conversely, the technical
requirements must be achievable with the budget and schedule. Projects
without congruency at eh outset are usually doomed and unrecoverable
unless the inconsistencies are resolved early. In some industries, projects
of this type are known as a suicide run. Throughout a projects’ duration,
there is continual pressure to change the established agreements.
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Schedules are compressed, available resources decreased, and technical
features added. The project team must be able to recognize and respond to
serious inconsistencies. ~When implementing schedule, budget, and
tech&ical changes, congruency must be reestablished or the project will
fail.

Communication problems are the root cause of many project failures.
Miscommunication routinely leads to conflict that can destroy teamwork.
Communicating is difficult enough in familiar work, social, and family
settings. The project environment can be particularly challenging. Due to
their temporary nature, projects often bring together people who were
previously unknown to each other, which is reason enough for
miscommunication, especially in the early project phases.®

At the beginning of the riverine sustainment project, not only was the RST

divided by several thousand miles of ocean, there were cultural and language barriers as
well. The RST mitigated some of the barriers with a video teleconference (VTC) in mid-
November 2006. During VTC both SEA-11 and TDSI students were able to share
project concerns and ideas. Afterward the students continued to discuss the study via
email. Upon arrival of the TDSI students on the NPS campus in early January 2007, the

RST met to share personal expertise, preferences, and expectations. From that very first

meeting the entire RST knew their role and what was expected of them.

Teamwork, so essential to effective project performance, receives
considerable attention today. We want our project staffs to become
empowered teams — perhaps even self-directed teams.*®

The RST organized its member into functional IPT’s (that addressed certain facets

of the riverine sustainment problem) that would build on their personnel strengths and

preferences.

An appropriate project cycle contributes significantly to doing the right
project right the first time. The project cycle as an orderly sequence of
integrated activities, performed in phases leading to success.®’

As depicted in Figure 8, the RST broke the project into three phases: definition,

development, and modeling/analysis.
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Figure 8.  RST Project Cycle

The project cycle clearly articulated where the RST should be with respect to
time. In addition to the project cycle, the RST developed work break-down structures
(WBS’s) for each IPT and for the overall project. The WBS’s established what needed to

be accomplished by which party and by when, significantly increasing accountability.

1.7  ASSUMPTIONS

e Current Operations in Iraq are an anomaly and MSO and TSC operations are
pivotal mission for the RF.

e Future areas of interest are the Africa, South America, and Southeast Asia

e Minus POL, the RF must be capable of sustaining itself for 15 days prior to
re-supply.

e Kampar River is representative of many, but not all, riverine operating
environments.

e Area of Operation on the Kampar River is logistically barren.
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RF will encounter level II threats that are small unconventional warfare forces
armed with small arms and crew-served weapons.

An abundance of crude oil exists in the AO, Diesel Fuel-Marine (DFM) is in
high demand and is a target of insurgent forces

The riparian environment has relatively large numbers of indigenous
population and insurgency operations distributed among the local people and

urban areas.
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2. OPERATIONAL CONCEPT

21 OVERVIEW
The Joint Chiefs of Staff state that an operational concept:

Is how the commander plans to accomplish the mission, including the
forces involved; the phasing of operations; the general nature and purpose
of operations to be conducted; and the interrelated or cross-Service
support. They should be sufficiently developed to include an estimate of
the level and duration of conflict to provide supporting and subordinate
commanders a basis for preparing adequate support plans.®®

Buede elaborates:

The developments of the operational concept serves the purpose of
obtaining consensus in the written language of the stakeholders about what
needs the system will satisfy and the ways in which the system will be
used. By describing how the system will be used, the operational concept
is providing substantial (but incomplete) information about the system’s
interaction with other systems and the context of the system.®’

The operational concept includes a collection of scenarios, one or more for
each group of stakeholders in each relevant phase of the system’s life
cycle. Each scenario addresses one way that a particular stakeholder will
want to use, deploy, and fix the system; the scenario defines how the
system will respond to inputs from other systems in order to produce a
desired output. Included in each scenario are the relevant inputs to and
outputs from the system and the other systems that are responsible for
those inputs and outputs. The scenario should not describe how the
system is processing inputs to produce outputs; rather the scenario focuses
on the exchange of inputs and outputs by the system with other systems.
It is critical that this shared vision be consistent with the collection of
scenarios comprising the operational concept.”

The RST operational concept serves as a roadmap for short notice RF operations
in the 2012 time frame. Emphasis is on short notice RF deployment to logistically barren

environments.
The RF group will be both inter- and intra-theater deployable.
Effectiveness in the identified mission areas demands these units be

quickly packaged and deployed from cases in the U.S. This force will be
ready to deploy within 96 hours from notification. This will be
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accomplished by ensuring most equipment is airmobile and all equipment
is sea transportable”'

The RF is well suited to perform Maritime Security Operation missions,
but not direct combat versus a large organized armed force. The RF has a
very limited capability to conduct high tempo/high intensity missions.””

Given the RF’s limitations, they are better suited for operation in a lower threat

level environment as depicted in Figure 9.
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Figure 9.  US Military Operations Spectrum

The Kampar River in the coastal wetland of western Sumatra, Indonesia, was used
to represent a logistically barren AO. The Kampar river has the fourth highest ship
density in Indonesia, but its river banks are lightly populated. Isolated, densely vegetated
terrain and cultivated land characterize the land masses on either side of the Kampar.
The RF deployed for six months to the island of Sumatra to conduct phase 0 shaping

operations (as depicted in Figure 10) to stem the tide of insurgent activity.
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Figure 10. U.S. Operating Phases”

“A phase is a definitive stage of an operation or campaign during which a large

portion of the forces and capabilities are involved in similar or mutually supporting

. 4
activities for a common purpose.”’

Phasing i1s a helpful method for defining requirement for an entire
operation or campaign. It assists the war-planners in identifying such
requirements in terms of forces, resources, time, space, and purpose.
There are six distinct phases: shaping, deter, seize the initiative, dominate,
stabilize, and enable civil authority. Phase 0 or shaping operations (RF

domain), are conducted to shape or influence perceptions of friend and foe
alike.”

For the RF these engagements fall under either MSO or TSC operations. Shaping

the strategic environment is vital to our national defense.

Specifically, the RF performed patrol and interdiction operations on the Kampar

River to intercept and deter arms shipments into the region. Classified as a Level 11
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Threat (Table 2), the insurgents employed guerrilla tactics and utilized small arms, crew-
served weapons, and mortars. The goal was to thwart terrorist activity and assist the

Indonesian Government in stabilizing the region.

T
Levels of Threat
Threat Lewvel Examples

LewvelI Lgents, saboteurs, sympathizers, terrorist, civil disturbances

=mall tactical units, unconventional warfare forces, guerrillas, may
Level I include significant stand-off weapons threats

Large tactical force operations, including arborne, heliborne,
Level III amphibious, infiltration, and major air operations

Table 2.  Threat Levels’®

Desiring a long-term effect, a mobile training team (MTT), consisting of six
instructors, was deployed as a part of the RF. For the duration of the operation, the MTT
trained Indonesian military and paramilitary forces in riverine warfare tactics and
operations. Enabled by the hands-on training the Indonesian forces assumed patrol and

interdiction operations of the Kampar River at the conclusion of the RF deployment.

2.2  OPERATIONAL PHASES

Four phases were identified for RF planning purposes: pre-deployment,
deployment, and withdrawal. Pre-deployment phase activities prepare the AO for the
arrival of the RF.

Deployment encompasses the movement of forces and their sustainment
resources from their original locations to a specific destination to conduct
joint operations. Employment encompasses the use of military forces and
capabilities within an operational AO. Sustainment is the provision of
logistics and personnel services required to maintain and prolong
operations until successful mission accomplishment. The focus of
sustainment is to provide the force with the means to enable freedom of
action and endurance and extend operational reach.”’

At the completion of operations, withdrawal of forces and resources to their

origination is executed.
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2.2.1 Pre-Deployment Phase

The pre-deployment phase consisted of battlespace preparation. Battle-space
preparation activities included intelligence and environmental assessments of the AO and
FOB construction (when the FOB is selected as the base alternative). “Deployment
planning and execution, like all operations, are guided by joint intelligence preparation of
the battlespace for the full range of military operations. The impact of the operational

. . . . . 78
environment and the adversary must be assessed in relation to the assigned mission.”

Environmental (hydrographic/topographic) surveys were conducted in parallel to
the intelligence assessment to reveal geographic constraints and assist in locating
appropriate sites for the FOB and MOB. In choosing a site for the FOB, force protection
and logistic feasibility were considered. An area approximately 10 miles east of the city
of Telukmeranti was selected for the location of the FOB. The NECC rapidly deployed a
detachment from the Naval Construction Division (SeaBees) with equipment and
construction materials to the site to construct the FOB. Modifying an existing tent camp
model, the Seabees constructed a tailor-made FOB that supported the various RF
requirements. First a security perimeter was established and remote force protection
sensors were deployed. Next the TOC, latrine, messing, and SURC maintenance
facilities were built. Designated SURC and helicopter re-fueling areas were reinforced
with dirt and sand bag walls for additional protection. Finally, personnel tents and

storage areas were erected.

2.2.2 Deployment Phase

During deployment, units are echeloned, configured and scheduled for
movement based on time-phased force and deployment data that
synchronizes arriving personnel, equipment, and materiel with mission
needs. Time phasing allows for rapid theater reception and onward
movement of arriving personnel, equipment, and materiel.”’

The most critical nodes supporting most deployment operations are the air
and seaports of embarkation and debarkation. Port efficiency or
throughput is a function of the operational environment, capability of the
port workforce, and level of port modernization. In some instances, the
existence of no port facilities (e.g., bare beach or austere landing strip)
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will significantly hinder deployment and sustainment operations until
temporary or fixed infrastructure can be considered.*

The Kampar River area is logistically barren with no port facilities or suitable
airports.

Lines of Communications (LOC’s) are the land, water, and air routes

which connect an operating military force with a base of operations and

along which supplies and military forces move to support operations.

LOC’s must be identified early in the planning process because the

associated links (e.g., land, sea, or air routes) and nodes (e.g., home

station, ports, staging areas, and destination) impact every aspect of

deployment planning.”'

The AO has very few improved roadways and during the rainy season most of its
roads are impassable (RF deployed during the rainy season), thus eliminating land routes

for deployment and sustainment considerations.

“A river squadron can be transported to a theater of operations by air, amphibious
ship, or merchant vessel.”®* Airlift was by far most expeditious way of moving the RF,
however the AO was not serviced by an adequate airport. Even if a regional airport did
exist the majority of the regional roadway would be impassable due to torrential rains.
“Amphibious ships have sufficient billeting and vehicle square footage to accommodate
the RF”*> Amphibious assault ships (LHA/LHD’s), amphibious transport docks (LPD’s),
and tank landing ships (LST’s) are all desirable for RF transportation due to their large

cargo capacities, berthing and well-decks.

The RF minus the pre-deployment compliment of Seabees and security personnel
were staged in Little Creek, Virginia for inter-theater transport aboard an amphibious

ship.

Staging is the process of concentrating troop units, transient personnel,
and materiel between movements over LOC’s for mission-related
purposes. Purposes for staging may include, but are not limited to, any of
the following mission related activities: operational pause for rest,
reorganization, or reconstitution of the force; reconfiguration of the unit
loads or movement echelons for employment; pre-deployment training;
rehearsal of unit missions; marshalling of forces; or to change the mode of
transportation.®
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Figure 11 demonstrates deployment of a landing craft from the well-deck of an

amphibious ship.

Figure 11.  Amphibious Deployment Operations®

Successful deployments were characterized by careful planning and
flexible execution. Careful and detailed planning ensures that only
required personnel, equipment, and materiel are scheduled for movement,
unit movement changes were minimized, and the flow of personnel,
equipment, and materiel into theater does not exceed lift availability and
the theater reception capability.*

2.2.3 Employment Phase

“Employment was the strategic, operational, or tactical use of forces™’

Employment spans the phases of operation and incorporates all the activities required to
complete the assigned mission. The employment phase is by far the longest phase and is
not completed until the mission is completed.®® Once in the AO, the RF was employed
from one of three basing alternatives: FOB, MOB, or GFS. The FOB was ashore

approximately 30 miles up the Kampar River along the riverbank and had ample space
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for the RF and its materiel. The MOB was also 30 miles up river, but it is afloat in the
Kampar River. The GFS was afloat as well, but it is 10 miles off the coast of Sumatra in
a more permissive environment. From their support base the RF was capable of
conducting operations. There are five categories that Navy riverine operations will likely
fall into: river control, riverine lines of communication interdiction, fire support,
insertion/extraction, and theater security cooperation. These five operation categories

have distinct characteristics that have an affect force employment.*’

To be effective in the riverine environment, near continuous presence was
required for river control. The overarching goal of river control is to not only control, but
also to monitor the flow of traffic and goods on the river way. The RF utilized a division
of SURC’s (four) for coordination, flexibility and mutual support to patrol the river for
insurgent activity. Protecting critical infrastructure, providing a secure area for the
conducting of military operations and commerce, and supporting civil affairs efforts
along the river were the objectives of river control. RF requirements are:

e Conduct patrols

e Conduct Visit, Board, Search and Seizure (VBSS)

e Engage hostile forces on the river up to a level II threat

e Coordinate and cooperate with joint forces or other coalition partners.

Interdiction of riverine lines of communication involves impeding, disrupting or
eliminating the means of movement of enemy personnel or supplies on the rivers or
waterways accomplishes. Interdiction denies the enemy secure areas in which to operate
and affords a secure area for friendly forces to maneuver and operate. Diligent battle-
space intelligence preparation, careful planning, and persistent intelligence, surveillance

and reconnaissance are vital to this operation™

The third and fourth RF mission areas are fire support and insertion/extraction
mission. Close coordination with joint and host nation forces are paramount in any fire
support activity. The SURC’s gun systems (MK-43, MK-19, and M-2) are capable of

providing fire support for ground elements. With its armament, maneuverability, range,
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and speed the SURC is an excellent platform is an excellent platform for insertion and

extraction of ground forces.

The final primary mission area for the RF is TSC which vital in shaping the
strategic environment. The host nation must trust the RF’s intentions order to gain access
to a country’s territorial waters.°' These missions primarily focus on providing training
or disaster relief to coalition partner nations. The footprint for TSC operations is typically
small over short durations and is well suited for GFS basing. TSC missions assure allies,

dissuade adversaries, and deter aggression.

2.2.4 Withdrawal Phase

At the end of the operation the RF transitions from the employment phase to the
withdrawal phase. The RF in its entirety is transferred from the AO back to their
homeport in Little Creek, Virginia. The withdrawal phase demands the same in-depth

planning that the other phases require.

Withdrawal is not merely reversing the deployment process. Withdrawals
are planned and executed as discrete, mission-based operations within the
overall context of the joint force mission. Force protection is as important
during withdrawal as during any other stage of the joint operation. During
this transition period, the withdrawal unit may not be able to fully sustain
or defend itself because some or all of its elements are configured for
movement and may not have full mission capability. Equally important in
the withdrawal process is a complete review of the environmental
considerations applicable in the host nation environment. Failure to take
the host nation requirements for environmental compliance into account
may cause delays and dissatisfaction’
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Figure 12.  Troop Withdrawal®”

2.3  RIVERINE SCENARIO

The purpose of this scenario was to set the stage for a riverine maritime
interdiction operation in order to model and analyze alternative basing, sustainment, force
protection, and repair architectures for the RF in a logistically barren environment.
Aspects of this mission were developed to serve as a baseline to perform analysis and
modeling on this operation to extract logistics, force protection, and repair requirements

in determine how each of these requirements affected the various basing alternatives.

This particular area was chosen specifically for its geographical and
hydrographical features. The political situation and scenario have been fictionalized and

do not represent the current state of affairs in Indonesia.

2.3.1 Mission

In support of a request from the Government of Indonesia the U.S. Riverine
Squadron One was tasked to conduct Riverine Maritime Interdiction Operations (MIO)
along the Kampar River in the Riau Province in Indonesia in order to stem the tide of
insurgent weapons and materiel traveling up the Kampar River that are supporting
insurgent efforts to seize the city of Telukmeranti. The Riverine force was to patrol and
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conduct MIO along a fifteen mile area downstream of the city of Telukmeranti (Figure
13) in a coalition effort with Indonesian forces. As requested by the Indonesian

Government, this operation is to be conducted for a period of six months.
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Figure 13. U.S. Riverine Force Area of Operations

As a coalition effort and a show of support for Indonesia, the U.S. deployed a
Mobile Training Team (MTT) in order to train Indonesian forces on riverine operations.
These Indonesian forces will be trained and deployed in the conduct of the MIO and will
serve as interpreters and crewmembers on these missions. The U.S. forces will have a
contingent of Indonesian military liaisons as a supplement to the Operation Center in

order to expedite and coordinate U.S. and Indonesian military efforts.

2.3.2 Situation

Due to a weak economy, insurgent groups were attempting to overthrow the
government of Indonesia. Small skirmishes have erupted in several of the major cities
between the local law enforcement organizations and the insurgents. Indonesia declared
a state of martial law and has dispatched its military and civil defense forces to these
cities in order to restore peace. The Indonesian Government was not successful in
thwarting insurgent actions, due to their inability to stop the flow of insurgent weapons

and materiel throughout the country along its inland waterways. The insurgent weapons
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and materiel were being transported into Indonesia from numerous points of origin.
Since Indonesia had limited resources and poor diplomatic ties to most of these points of
origins, Indonesia was seemingly left with one remaining option, stop the ingress and

flow of insurgent weapons and materiel within their own borders.

Intelligence reports suggested that the insurgents have increased their efforts at
moving weapons and materiel along the Kampar River in order to seize the city of
Telukmeranti. The Mosque of Riau, located in Telukmeranti, is considered the Muslim
religious center of Indonesia. It was felt that if Telukmeranti were to fall to the
insurgents, that faith in the Indonesian Government would falter and increase insurgent
sentiment and support in Indonesia that could possibly lead to the demise of the

Indonesian Government.

In trying to stabilize the country and bolster support of the government, Indonesia
requested the United States for assistance in helping them stop these insurgent shipments.
The U.S. agreed to aid Indonesia in order to strengthen U.S. and Indonesian relations and
show support for the Indonesian Government. However, the Indonesian government
expressed concerns that it desires to limit the number of U.S. forces on Indonesian soil
and limit U.S. Military action to MIO along the Kampar River. With the U.S. Military
performing this specific task, the government of Indonesia felt that their own military and
civil defense force could successfully restore peace to the region and maintain the local

populations’ confidence in the Indonesian Government.

The Indonesian Government also expressed concern that the U.S. efforts along the
Kampar River should minimally impact commerce and traffic that would potentially
weaken the Indonesian economy further. Due to this concern, the U.S. and Indonesia
agreed that the U.S. would conduct MIO along the 15 nautical miles to the east of
Telukmeranti. This particular patrol area was chosen for several reasons. In this area
along the Kampar River, there is much less maritime traffic density, therefore fewer
vessels to search and less impact on the local commerce and economy due to delays in
searching additional vessels. This section of the river was also much narrower than other
portions of the Kampar River. The Kampar River is over five nautical miles wide when

it flows into the Strait of Malacca, however in this area, the river was on average 1.5
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nautical miles wide making it more manageable to patrol and perform MIO. A tactical
concern was that if the insurgents were on vessels that the likelihood of escape was
greater the closer these vessels were to the Strait of Malacca due to the large traffic
density of the Strait. Performing MIO up river away from the Strait of Malacca would
give the U.S. forces increased time to overtake and contain evading insurgent vessels.
This area was also chosen because there are no roads that lead into Telukmeranti past this
region. If the base were closer to the Strait of Malacca, the insurgents might possibly
bypass the U.S. efforts upon the river utilizing roads in the region and then use the river
upstream to enter Telukmeranti. With the patrol area located near Telukmeranti,
insurgents had only two options for transporting their weapons and materiel into
Telukmeranti. These options were to try to evade the U.S. Riverine Force patrolling the
river or move their weapons by land into Telukmeranti and contend with the Indonesian

Army patrolling the region surrounding the city.

2.3.3 Considerations Affecting Possible Courses of Action

2.3.3.1 Terrain and Geography

The Riau Province in Indonesia is mostly coastal lowlands with the
interior of the island having densely vegetated, tropical, mountainous terrain. The
Kampar River region is densely vegetated coastal lowland with several small cities and
cultivated areas along most of its banks. Elevation in the region is predominantly less
than 100 feet above sea level. As depicted in Figurel4, the region north of the Kampar
River is undeveloped forests and south of the Kampar River is undeveloped forest, a

large lumber farm, and agricultural land.
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Figure 14. Kampar Region Terrain Features

2.3.3.2 Hydrography

The Kampar River is one of the four busiest inland waterways in
Indonesia. The waterway is primarily used for the transportation of agricultural goods,
logging, and textiles, namely paper. The Kampar River is navigatable to a large variety
of ships for over 50 miles inland from the Strait of Malacca with an average depth of 4 to
5 fathoms.

2.3.3.3 Transportation

The Kampar River region ground transportation was limited to a few un-
improved roads. Cross-country movement of vehicles is difficult due to the dense
vegetation in the region; however wheeled vehicles can transverse on un-improved road
throughout the few cultivated regions and lumber fields along the southern banks of the
Kampar River. During the rainy season, in which region gets on average 80 to 120
inches of rainfall, the un-improved roads in this region were impassable due to the

flooding and erosion.
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Transportation in this region was primarily conducted upon the Kampar
River. Fishing along the Kampar River was once the mainstay of the local economies in
the regions. However, in the past few years, fishing in the region has become non-
existent due to the pollution of the Kampar River by the paper mills along its southern
banks. Maritime traffic upon the Kampar River consists of local merchant boats and

small cargo boats and is summarized in the Table 3.

Gross Porerage Ship
Length [ft] Dr=ft Registerad Mz Spaad Density per Dayin
(ft) [kt=] _
Tonnage Region

Local

Merchart 20-30 231t < <10 100
Ship

Smaé'hfparg‘:' 85-120 | B-141t| 150-220 15 12

Table 3.  Typical Regional Ship Characteristics

The local merchant ships were used for the transportation of local goods
and personnel within the region. These small wooden boats had small crew cabins and
have the capacity to embark up to 30 standing personnel. These vessels were powered by
small outboard motors or push poles and transit in the shallow waters near the shores of

the Kampar River. A typical Local Merchant ship is shown in Figure 15.

Figure 15.  Typical Local Merchant Ships

49



The regional cargo ships were used for the transportation of commercial
goods, such as paper and rubber, from the local industrial facilities to international ports
along the Strait of Malacca. These steel vessels were characterized by small crew cabins

and either one or two masts. A typical small regional cargo ship is shown in Figure 16.

Figure 16. Typical Small Cargo Ship

2.3.3.4 Enemy Relative Combat Power

The Indonesian insurgents have limited capacity to conduct large
offensive operations against standing forces. Insurgent weapons are currently limited to
small arms (AK-74’s), crew served weapons (RPG’s), improvised explosive devices
(IED’s), and mortars (M-60’s). Recent intelligence reports estimate insurgent strength to
be approximately 500 personnel in the Kampar River region. These insurgents were
dispersed among several cells. Insurgent areas of activity and estimated sizes are listed in

the Figure 17.
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Figure 17. Approximate Insurgent Strength and Locations

2.3.3.5 Friendly Relative Combat Power

The Indonesian Military is approximately 200,000 personnel serving in the
Army, Air Force, or Navy. Indonesia also employs a Universal People’s Defense which
is approximately 100,000 civilians trained as territorial militia personnel. The Indonesian
Navy, Customs Service, and Maritime Police have approximately 180 small craft which
are utilized solely for coastal defense and port security. Indonesia has no dedicated

riverine force.

Due to the importance of the Mosque of Riau in Telukmeranti, the
Government of Indonesia has dispatched three thousand ground troops and a dedicated
helicopter detachment to the Telukmeranti region. These troops are tasked with securing
the city and protecting the Mosque of Riau. Indonesian forces were to patrol the
rainforest/un-improved regions surrounding the city in an effort to stop the flow of
insurgent weapons into the city from landward approaches. Indonesia established an
outpost with approximately 200 military personnel within the U.S. area of operations in
order to facilitate timely turnover of prisoners and render military assistance to U.S.

Riverine Forces in the area.
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The Indonesian Helicopter detachment consists of 6 Mi-2 helicopters
located in the City of Telukmeranti and is tasked with providing direct air support and
MEDIVAC/CASEVAC capabilities for both the Indonesian and U.S. forces. Three Mi-2
helicopters are configured to provide direct fire support while the remaining helicopters
are configured to providle CASEVAC and lift functions. Through coordination with
Indonesian liaison officers, upon request these helicopters can respond and be on station

within 20 minutes.

2.3.3.6 Assumptions, Constraints, and Other Considerations

¢ Indonesia will allow the introduction of U.S. military into the region to
perform MIO.

e The U.S. Area of Operations is currently a Threat Level II. Level II
threats are defined as “Small tactical unit, unconventional forces,
guerrillas, may include significant stand-off weapon threats.”*

e Operation is conducted during the Indonesian rain season, therefore all
unimproved road in the region are impassible by wheeled vehicles.

e Indonesia has limited the use of force for U.S. riverine forces. Use of
force is allowed for self defense of the U.S. riverine force only and
cannot conduct direct action/offensive operations. Use of force for
self protection of the U.S. forces outside predetermined engagement
zones must be coordinated with Indonesian forces.

e Limited airfields and airfield capacities in the region may restrict
support to the U.S. Riverine forces. The only airfields in this region
are in the cities of Telukmeranti and Kolomang and are small,
unimproved facilities that can accommodate helicopter and small
civilian aircraft only.

e Indonesian forces have the ability to communicate through various
methods with U.S. forces in the region.

e Due to the weak Indonesian economy and rural area of operations,

logistics support from host nation and region is limited.
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e Medical care will be provided by host nation of Indonesia in the city of
Kolomang, if required.
e All suspect personnel detained by the U.S. military operations will be

turned over to the host nation of Indonesia within 90 minutes.

2.3.4 Basic Conduct of Maritime Interdiction Operations

A riverine squadron consisted of three detachments. Each detachment was
comprised of 4 SURC’s, and each SURC was manned by two alternating boat crews. A
boat crew consisted of five personnel. There was an eight man boarding team assigned to
each detachment which was comprised of U.S. and Indonesian personnel. Each MIO was
performed by one detachment but on occasion was supplemented with additional craft as
required by the situation. One SURC and boat crew was on standby for various
contingencies that arose during the course of a mission. These contingencies included
but were not limited to: transport of prisoners within the AO, relieving a disabled SURC

on patrol, and rendering additional assistance as required to operational boats.

Each MIO mission was eight hours in duration after transit and turnover. The
MIO was conducted at various, random sites within the AQO, but was limited to a
minimum of one nautical mile away from the basing alternative in order to minimize
possible friendly fire and fratricide should an insurgent attack occur. Randomization of
these search sites was an effort to provide the most force protection measures for these
forces so that the insurgent forces could not foresee a pattern and mount an effective

attack against these forces.

The forces employed the technique of beaching two SURC’s, establishing a
search site in which to conduct operations within, while one SURC serves as an escort for
contacts of interest and the remaining SURC provides a sweeper/force protection
function. Contacts of Interest were determined by two methods. The first method was
any suspicious vessel was searched and the second was a random draw method. The
detachment lead would determine which vessels to search through communications with
each boat crew or intelligence reports from the TOC, UAV’s, USV’s, or from non-
organic sensors. Once a vessel was considered a contact of interest, the escort SURC
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would approach, and through the use of Indonesian interpreters onboard, would then
escort the contact of interest to the search site and beach them. Once the contact of
interest was beached, the escort SURC would fall back and provide protection for the
search site and thwart any attempt of the contact of interest to escape. The beached
contact of interest would then be searched by the boarding team, any suspicious
personnel would be detained and weapons confiscated. If there were no weapons or
suspicious personnel onboard, the contact of interest would be allowed to get underway.
The average search time per vessel for the conduct of this operation was 10-15 minutes.

Figure 18 depicts a generic search site set up for this operation.

SOOI,

Kampar River W

Search Site

Figure 18. MIO Search Site

When suspicious personnel and or weapons were confiscated during a search, it
was the detachment leaders’ decision to either transport these personnel and materiel to
the Indonesian outpost by using an on-station asset or call for the standby SURC to
perform this task. This decision process also held for any casualty or unforeseen
situation that occurred during the course of the mission. Due to the dense forestation of
the region, if a casualty situation occurred, the injured personnel had to be transported
back via boat to the base of operations in order to be picked up by the Indonesian

helicopters for transport to the medical facilities in Kolomang.

If during the course of the mission the search site came under insurgent fire from

landward position, it was the detachment leaders’ decision on the appropriate course of
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action. The search sites were previously coordinated with Indonesian forces; therefore
self defense return fire was authorized. However, the decision on whether to hold ground
and engage the enemy or withdraw from the site was the detachment leaders’

responsibility.

2.3.4 Enemy Courses of Action (ECOA)

2.3.4.1 ECOA 1 Cease or Reroute Operations

With U.S. military forces conducting operations upon the Kampar River,
the insurgents may cease operations in this region, or cease operations upon the Kampar
River and reroute their shipments to Telukmeranti via landward routes. This course of
action would slow the transport of insurgent weapons and materiel into the region due to
the increased time required to transport this materiel over land during the rainy season.
This materiel would have to be carried in by personnel on foot due to the impassable

nature of the roads and terrain during this time.

2.3.4.2 ECOA 2 Employ Decoys and Harassment

Through observations of U.S. operations upon the Kampar River, the
insurgents may find alternatives that may be feasible in order to try to sneak their
weapons and materiel’s past the U.S. Riverine Forces. Through the use of decoy vessels
and just playing the odds of getting randomly searched by U.S. forces may be acceptable
risks that the insurgents are willing to accept in order to continue their operations in
Telukmeranti. Harassment of U.S. forces may be an acceptable risk the insurgents are
willing to take. Through the use of insurgent land and water assets, engaging the U.S.
forces in small skirmishes upon the river and search sites may draw attention from

vessels upon the river and allow these vessels through the area relatively unnoticed.

2.3.4.3 ECOA 3 Engagement of Forces
The insurgents may assess that direct attacks upon the U.S. forces may be
effective at causing a large number of U.S. casualties and damaging equipment. These

attacks may significantly degrade the Riverine Forces abilities at conducting MIO upon
55



the Kampar River and due to strong U.S. public opinion may cause the U.S. to withdraw

from the region.
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3. FUNCTIONAL ARCHITECTURE

3.1 FUNCTIONAL ARCHITECTURE COMPONENTS AND PURPOSE
“Architecture is the scheme of arrangements of the components of a system, and it
describes features that are repeated throughout the design and explains the relationship

among the system’s parts.””

In system engineering the functional architecture describes
what the system must do, its interfaces, and flows. The RST developed the functional
architecture in parallel with the physical architecture for the study. The RST began the
functional analysis by performing stakeholder analysis, which involved identifying and
interviewing pertinent stakeholder. After conducting stakeholder analysis, the RST
developed system decompositions, functional flow block diagrams, input/output models

and objective hierarchies for their functional architecture.

System decomposition is technique used to better understand a system by
breaking its attributes into smaller blocks. A system can be decomposed by its functions,
states, components and hierarchical structure. Functions simply describe what the system
is intended to do by taking a particular set of inputs and producing a set of outputs.
States utilize a collection of variables to identify system condition. Components are a
logical break-down of the system’s parts; they are further categorized by structure, flow
and operation. Finally, hierarchical structure considers the physical and functional

relationship between the system’s components.”®

A functional flow block diagram (FFBD) is used to illustrate a system in its
functional terms. A FFBD consists of functional blocks connected by and/or connectors
and arrows to depict the system’s functional flow. Using a hierarchical approach the
FFBD reflects activities as they occur during the system’s life cycle. The FFBD should
cover all applicable functions and inherent sequences. Functional blocks in the FFBD
follow a progressive numbering scheme that preserves proper sequence and continuity.”’

The FFBD is a powerful tool in functional analysis execution.

The input/output model is a very useful apparatus for analyzing the needs and

constraints of a system. The input/output model specifically describes how inputs
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(controllable and uncontrollable) are put through a system process and outputs (intended
and by-products) are derived. Controllable inputs are the inputs that can be controlled
such as resources, procedures, or organization structure. Uncontrollable inputs are rarely
controlled and include weather, demand, and governmental interference. Intended
outputs are the desired products of the system and should be maximized. They are the
primary reason for having the system in the first place. By-products are usually
unintended and can have positive or negative effects. In most cases by-products, such as
pollution, have a negative impact and should be minimized. The input/output model is

beneficial in defining a system’s boundaries and boundary conditions.”®

The objectives hierarchy is a top-down process that starts with the client’s ends
and creates a logical progression down through ways and means to metrics. Effective
need, functions, sub-functions, objectives and evaluation measures comprise the
objectives hierarchy. The client’s effective need is discovered after conducting
stakeholder analysis. Functions and subsequent sub-functions are processes that
transform inputs into outputs that are mutual exclusive and collectively exhaustive.
Objectives refer to the system’s goals and those goals are measured by evaluation
measures. Good evaluation measures, MOP’s and MOE’s, are measurable, quantifiable,
and directly related to the objective.”” The objectives hierarchy takes considerable effort,

but when done correctly it yields powerful results.

3.1.1 Initial Problem Statement

System engineering is an organized approach to complex problem solving. It
combines engineering know how with sound business judgment to create viable
solutions. The first step in system engineering is identifying the stakeholders’ primitive
need, which is a want or desire based on a real or perceived shortfall.'”” From the Wayne
E Meyer’s Institute Integrated Project Tasking, “Collaborate with the WNaval
Expeditionary Combat Command (NECC) to design a system of systems for performing
emerging Navy missions associated with coalition operations in littoral and riverine

95101

environments.” ", the RST constructed an initial problem statement: ‘“Define, analyze,

and recommend alternatives that increase sustainability and connectivity of cooperative,

60



adaptive force packages in the riparian environment utilizing technologies currently in
use or available for use by 2012.” The initial problem statement served as a starting point

to decompose the riverine sustainment system.

3.2 STAKEHOLDER ANALYSIS

3.2.1 Stakeholders

The RST visited several stakeholders in order to gain insight and determine which
issues were most relevant in order to focus the project and develop alternatives which
would be beneficial to these stakeholders. Figure 19 depicts the RST stakeholder

locations.
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Figure 19. RST Stakeholder Map

The Primary Stakeholders of the SEA-11 Riverine Sustainment project were
NECC, River Group One (RIVGRU ONE), and River Squadron One. Other
stakeholders that had valuable insights into this project and would benefit from this study
are: SBT-22, NAVSCIATT, LOGSU-1, NCW-1, and NSWC. These primary and
secondary stakeholders missions, operations, and organizations all have common aspects

that were analyzed in this study.
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3.2.2 Stakeholder Input

Stakeholder input and feedback are an essential part of the systems engineering
and design process in that stakeholder needs are developed into operational requirements
and ensures that the developed outputs of the alternative designs are validated by the
stakeholder feedback.'” Once the scope of the project was focused on riverine
operations, the RST made several trips to discuss relevant issues and RST goals in order
to attain stakeholder buy-in and inputs for developing the project. This initial contact and
input from the stakeholders was invaluable. The largest takeaway from these discussions
was that the NECC and River Group One had been focused on taking over the Marine
Corps Small Combatant Craft Company’s role in Iraq, primarily the guarding of the
Haditha Dam in Baghdad. This narrow focus was due to the short amount of time that
the NECC and River Group One had to stand up, develop operational capabilities and
deploy forces within a year’s time. The full capability of the riverine forces was
currently in development and there were many aspects to conducting the myriad of

operations that these forces were tasked with that had not been explored in depth.

3.2.3 Core Documentation

As no member of the RST had operational knowledge of the riverine squadrons,
numerous core documents were reviewed to gain valuable insights and knowledge about
riverine operations and force structure. For historical references the RST reviewed The
Center for Naval Analysis’ Renewal of Navy’s Riverine Force Capability: A Preliminary
Examination of the Past, Current, and Future Capabilities, the Marine Corps Center for
Lessons Learned Small Craft Company’s Deployment in Support of Operational Iraqi
Freedom II: A summary of lessons and Observations, the Naval Historical Divisions The
U.S. Navy’s Operations on Inland Waters, and Brown Water, Black Berets by LCDR
Thomas J. Cutler. The RST was able to determine capability gaps from these documents
and increase the teams’ knowledge of the problems with riverine operations and lessons
learned from past operations. In order to understand the current riverine force structure
and operations the RST studied the U.S. Navy Riverine Force Concept of Operations.

Reviewing and understanding these core documents allowed the RST to explore
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capability gaps within the current riverine force structure and apply lessons learned from

past experiences in developing feasible alternatives for filling these gaps.

3.3 SYSTEM DECOMPOSITION
A system is defined as “an assemblage or combination of elements or parts

195 The purpose of system decomposition is to

forming a complex or unitary whole.
analyze the current system and its elements in order to have an increased understanding
of the system. Systems are comprised of functions, components, hierarchical structure,
and states.'” After researching the history of riverine warfare and present day concepts,
RST analyzed the systems of the existing RF supply, command and control, repair, and

force protection.

A function is a definite, purposeful action that a system must accomplish to
achieve one of the system’s objectives.'”” The components affect and influence the
system. There are structural, operating, and flow components. Structural components are
the physical aspects of the system, operating components are the entities required to
perform system processing, and flow components are the material, energy, or information
being altered.'® The hierarchical structure, which is broken down to super system,
lateral system, and sub system, helps show where the functions and components exist.
Finally, the states of the system are the different variables used to reflect the condition of

the system at a specific time.'"’

3.3.1 Supply Group

The decomposition of riverine supply, based on the U.S. Navy Riverine Force

Concept of Operations prepared by NECC, is shown in Figure 20.
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RF Supply

Function Components Hierarchical States
Structure
| | | |
Manage Structural Super System Pre-deployment
Distribute Supply Ship ) NECC Deployment
Move Operating Base Riverine Group Withdrawal
Bring back Logistic Connector JFLCC
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Operating Support Base
CS,SE Commander
Flow Supply Corps
Class I, II, 1II,IV
RN Lateral System
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Aviation Squadron
Logistic
Connector Unit

Sub System
C4ISR
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Admin
Medical Services
Supply Support
Maintenance
Support
Transportation
Support
Engineering
Support
Utilities Support
Landing Support

Figure 20. Riverine Force Decomposition

3.3.1.1 Functions

The functions of supply are to manage, distribute, move, and to bring
back. Supplies are first controlled and organized. After a request has been made, the
supplies are prepared for shipment. Then, supplies are transported to the destination of
the requestor. Certain unused materials are returned supply for redistribution.

3.3.1.2 Components

Structural components comprise the physical aspects of RF Supply. These
include the supply ship, operating base, and logistic connector. The operating component

is the Combat Service Support Element (CSSE), which is the entity that provides many of
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the logistic services and support. Flow components include Supply Classes I, II, III, IV,

V (W), and IX that are distributed to the RF.'®

3.3.1.3 Hierarchical Structure

Super systems for RF Supply are the top-level organizations. These
include NECC, Support Base Commander, and Supply Corps. Lateral systems indirectly
support or perform the functions of the RF Supply. Lateral systems include the small
boat unit, logistic connectors, and CSSE. Sub systems directly support the RF Supply.
Sub-systems include C4ISR, FP, supply support, maintenance support, utilities support,
and landing support.'®

3.3.1.4 States

States are the operational phases that reflect the condition of the RF
logistics. The different phases are pre-deployment, deployment, and withdrawal. The RF
assembles the allotted initial pack out supplies in the pre-deployment phase. During the
deployment phase, the RF is re-supplied through logistic channels in the area of
operations. The RF during the withdrawal phase packs up and transports the un-used

supplies out of the current operational area.

3.3.2 Repair Group
Currently, many aspects of riverine maintenance are conducted in an informal
manner through the use of contractors. In order to formalize this process, the RST began

with a systems decomposition of the current system, detailed in Figure 21.
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RF Maintenance

Function Components Hierarchical Structure States
l [ | l
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stock/generators Squadron Commander
3 Skill Sets (ET, EM, [
MM) Lateral System
Aviation
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Obetatin Admin Suppor.t
Material/Supply Section SmaII_Boat_ Unit
CSSE Engineering
Support
[ I
Flow Sub Systems
Class I, IlI, VII, XI Supply Support
Transportation Support
Structural Support
Figure 21. Maintenance System Decomposition

3.3.2.1 Functions

The functions of the maintenance system were derived from U.S. Army'
and Marine Corps'’
operations. In order to conduct maintenance in a Level II threat environment, this study
determined that the following maintenance functions had to be accomplished: Service,
Repair, Replace, and Evacuate. Service was defined as the process of identifying faults
through preventive maintenance in order to maintain the operational readiness of the
boat. Repair represented the act of fixing a damaged boat in this study. Replace allowed
for the substitution of serviceable parts or end items for those that are damaged, and
evacuation represented the removal of an end item out of the area of operation for depot

level maintenance.

1
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3.3.2.2 Components

Components represented the physical constructs of the riverine
maintenance system and are split into three categories: structural, operating, and flow.
Structural represented the physical make up of the system which included the nine
mechanics and 12 SURC craft. Operating represented the entities required to carry out
the maintenance function which included the maintenance/supply section as a subordinate
part of the CSSE, but also required support from other CSSE’s in order to function. Flow
represented the maintenance system’s interaction with other elements within the logistics
system and was comprised of Class II and Class XI parts, Class III POL, and Class VII

major end items.

3.3.2.3 Hierarchical Structure

Within the hierarchical structure, super systems for RF maintenance
system were the top-level organizations. These included the NECC, the Riverine Group,
Support Base, and Squadron Commander. Lateral systems provided indirect support to
the maintenance system, such as the logistic vessel unit, and engineering support. Sub
systems directly supported the maintenance system through include supply support,

transportation support, and structural support.

3.3.2.4 States

States were the operational phases that reflected the condition of parts and
equipment, as they flowed through the maintenance system. In this study, the 12 SURC’s
and the 65 pieces of rolling gear were bounded such that they were either fully mission
capable (FMC) or non-mission capable (NMC). If a piece of equipment was NMC, it
was categorized into the following sub states: awaiting parts, awaiting repair, being

serviced, or evacuated for depot level maintenance.

3.3.3 Force Protection Group
The systems decomposition model for the Force Protection System (FPS) (Figure

22) represented an overview of the functions, physical composition, and relationship of
67



the FPS to other systems. The model improved the RST’s understanding of how the FPS

operates and the assets available to the FPS.

Foree
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Figure 22. FP Decomposition

3.3.3.1 Functions

The overarching function for the Force Protection System (FPS) of the
riverine FOB is to protect the RF, and other detachments, while operating within and in
close proximity to the FOB. The functions that comprise protection are deterring,
denying, and predicting the threat. Deterrence is defined as “the prevention from action
by fear of the consequences. Deterrence is a state of mind brought about by the existence

of a credible threat of unacceptable counteraction.”''?

In the context of protecting the
FOB, the FPS hopes to deter civilians from entering the immediate perimeter of the FOB
to decrease the amount of contacts, and of course, dissuade attacks by hostile forces. A
denial measure is defined as “to withhold the possession, use, or enjoyment of.”'"> For

protection of the FOB, the FPS is denying enemy forces a successful attack by destroying
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enemy personnel, weapons, and the means to assemble personnel and weapons.
Predicting the threat is the ability of the FPS to have the correct force for the correct
threat, primarily through the use of intelligence. The addition and use of intelligence for

1

. . . 114 .
force protection is what separates force protection from self defense, ~ creating a more

proactive, efficient force.

3.3.3.2 Components

The structural component of the FPS is the personnel the RF would assign
to security, as well as other security detachments provided by the NECC. The
operational component consists of the weapons, sensors, communication equipment,
vehicles, and various security elements required of the FPS to accomplish the mission.
The security elements that are generally required in security are the command element,
patrolling elements, and stationary or guard elements. The FPS flow component enables
interaction with other parts of the RF. The entities that flow through the FPS are
information and logistics. Information could take the form of communications and other
data to provide situational awareness for the FPS. Logistics could take the form of food,

ammunition, fuel, and other necessities the FPS requires to maintain operations.

3.3.3.3 Hierarchical Structure

The FPS of the RF is considered part of the support element.'”> As such,
the super system of the FPS consists of the RF, NECC, and the JFMCC. The lateral
systems of the FPS include the other members of the RF support element such as:
combat service, materiel, and vehicle maintenance. Given the coalition environment the
RF can operate in, various lateral systems include other FPS’s provided by coalition
partners. The subsystems of the FPS include patrolling, stationary, and command
elements and the equipment utilized by the FPS. The subsystems also include the
logistics chain, medical detachment, and messing detachment that contribute to the FPS

fulfilling its mission.
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3.3.3.4 States

The states of the FPS are the conditions the components of the FPS can be
in as they pertain to FP. For the security personnel, these states include on and off of
watch. The vehicles and electronics equipment that comprises the FPS, such as the
sensors and communications gear, can be on or off. Finally, the weapons used in the FPS
can be in the firing, ready, or clear mode. Firing mode is when the weapon is engaging
the enemy. The ready mode is when the weapon has ammunition loaded and, but has
some type of safety mechanism that must be turned off to fire. The clear mode is the

weapon has no ammunition in the chamber and is unloaded with the safety on.

3.4  INPUT-OUTPUT MODEL
An Input-Output model is a very useful tool for “thinking about the needs and

6 Each group developed an input-output model.

constraints” of a proposed system.''
When developing the model, each group analyzed which inputs are necessary to achieve
the desired outputs. Inputs are classified as either controllable or uncontrollable.
Controllable inputs can be classified as physical, human, informational, and economic.
Uncontrollable inputs can be classified as environmental characteristics and existing

. 117
conditions.

In essence, controlled inputs are elements that can be manipulated and
changed while uncontrollable inputs cannot. These inputs in the different systems
resulted in intended outputs and by-products. Intended outputs justify the existence of

the system, while by-products often suggest constraints that the new system must meet.''*
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3.4.1 Supply Group

The input-output model for RF Supply is shown in Figure 23.

Controllable
Logistics Connector
Storage
Manpower
Communications
Cost of Maintenance
Cost of Operations

Intended
RF Sustainment

Inpuis RF Supply Outputs

Uncontrollable
Weather Byproduct
Sea State Training
Threats Use of Allied Resources
Enemy Tactics Threat Evolves
Civilian Interactions Other RF Systems Disrupted

Figure 23.  RF Supply Input-Output Model

The controllable inputs of RF Supply include the logistic connector, storage,
manpower, communications, and cost of maintenance and operations. Supply of the RF
up river will be accomplished by the logistic connectors. Logistic connectors may be one
or more vessels or aircrafts that transfer the supplies to the RF. Once the supplies are
delivered to the operating base, they must be stored in order to be readily available for the
RF. Whether storage is on land or ship, the storage area must be an optimal size.
Depending on supply requirements and the logistic connectors used, there are certain
amounts of manpower required to distribute the supplies to the RF. Adequate lines of
communication must also be established between the RF, operating base, and supply
ship. The entire operation will require certain costs. The costs include time and money

to utilize the logistic connectors as well as maintain them.

The uncontrollable inputs of RF Supply include weather, sea state, threats, enemy

tactics, and civilian interactions. Sea state is “a scale that categorizes the force of
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»119 \Weather and sea state can affect how often

progressively higher seas by wave height.
the RF will be re-supplied. In extreme weather conditions, the RF may go several days
without re-supply. In sea state zero, re-supplying the RF may be easier. Threats and
enemy tactics can also affect re-supply of the RF. The enemy can attempt to disrupt the
flow of supplies to the RF, and enemy tactics will adapt and change throughout the
duration of an operation. Finally, civilian interactions along the river will affect the RF
and logistic connectors due to varying traffic density and the enemies’ ability to blend in

with the local civilian population.

The intended output of RF Supply is sustainment. Sustainment can be achieved
by performing timely re-supply of the RF. Supplying the RF with adequate resources, by
providing the proper logistic connectors and storage facilities, enables it to be operational

for as long as possible.

Byproducts of RF logistics include unit training, the use of Allied resources,
evolving threat, and disrupting other RF systems. While performing their missions, the
RF and personnel re-supplying them will gain experience. Their experience will enable
them to be more proficient in future operations. A negative byproduct, however, is the
use of Allied resources. Requesting the use of certain vessels or aircrafts means that they
cannot be used in other parts of the world. Using certain resources, such as manpower
and communication assets, may also disrupt other operations that may need the same
resources. Finally, the threat may also learn from the actions of the RF and find other

ways to disrupt the flow of supplies.

3.4.2 Repair Group
The input-output matrix “is a useful device for thinking about the needs and

99120

constraints for a proposed system. Figure 24 represents the input output model for the

RF maintenance system.
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Additional Damage to Equipment

Figure 24. Repair Input-Output Model

After examining the U.S. Army and Marine Corps maintenance systems, the RST
developed the following controllable inputs: personnel, parts on-hand, boats, and rolling-
gear. Personnel represented the nine highly-qualified maintenance technicians in each
squadron’s maintenance section. For this study, there were 12 SURC patrol crafts and 65
pieces of rolling-gear that were to be maintained by the RF maintenance section. Parts
on-hand consisted of service items that were to be maintained by the RF in their pack-up
kit (PUK). Parts that were mission critical, or had a high failure rate, were placed in the
PUK. However, any effort to return an item to serviceable condition was met with two
key environmental challenges: geographic location and weather.  Furthermore,
supporting operations from a MOB introduced new challenges in repairs rendered while
afloat. Simple engine changes conducted ashore at the FOB became major logistical
challenges at the MOB. Uncontrollable inputs included operational availability, which
was calculated as:

MTBF

~ MTBF + MCRT + MPRT + MSRT
121

A

Operational Availability
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In this study, Operational Availability (A,) was defined as “the probability that a
system or product will be available to perform its intended mission or function when

»122 MTBF was the mean time between

called upon to so at any point in time.
maintenance actions (including both preventive and corrective maintenance). What has
been referred to as the mean time to repair (MTTR) was broken down into the mean time
to perform corrective maintenance (MCRT) and the mean time to perform preventive
maintenance (MPRT). Mean supply response team (MSRT) was based upon the RST
scenario parameters which varied from 24 to 144 hours. Mean administrative delay time
(MADT) was built into the MCRT and MPRT functions within model and is further
discussed in Chapter 5. It is important to note that these maintenance actions did not
occur in a vacuum, as enemy tactics influenced the number of maintenance personnel
available to perform maintenance. Furthermore, enemy actions and weather limited the

use of supply routes, which hindered the RF’s ability to receive and move replacement

parts in a timely manner.

The intended outputs were increased operational readiness rates due to lower
MTTR rates, optimal manning and optimal maintenance facilities. Specifically, lower
MTTR rates led to higher availability rates. Facing a multitude of threats, the RF
required a highly effective maintenance system that minimized MTTR times with the
optimum mix of personnel. To accomplish this optimization, this study “searched the
cost/availability trade space to find the lowest cost and highest availability inventory

. 123
solution.”

The by-products of this model were injured personnel, environmental
contamination from spills, the identification of additional maintenance issues, and
additional damage resulting from the repair. Maintenance is an inherently hazardous
operation, as performing repairs on SURC’s and rolling-gear can be both hazardous to
personnel and the surrounding environment. For these reasons, every measure must be
implemented to safeguard RF personnel and the habitat they are operating in.
Occasionally, repair parts and tools are damaged in the performance of preventive and

corrective maintenance. Also, during maintenance actions, additional equipment defects

are discovered and rectified prior to major system failures.
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3.4.3 Force Protection Group
The input-output model for the RF Force Protection System (FPS) is shown in

Figure 25.
Controllable
Base Layout
Perimeter Defenses Intended
Communications Increased Deterrence
Personnel Reduced Vulnerability
Sensors Increased Responsiveness
Weapons
Inputs Force Protection System QOutputs
Uncontrollable Byproduct
Environment Evolved Threat
Threats Collateral Damage
Civilian Interactions Other RF Systems Disrupted

Figure 25. Force Protection System Input Output Model

The controllable inputs of the RF FPS include the base layout, perimeter defenses,
communications, personnel, sensors, weapons, and barriers. The base layout consists of
base facilities and locations such as troop housing, mess halls, fuel storage, and
showering facilities. For force protection, base layout is an important consideration so
that high value or volatile facilities are not overly vulnerable. Perimeter defenses include
the types and locations of the barriers and bunkers and may include the locations of
sensors, signs, and other detection systems. When the RF is forward based, the perimeter
defenses are layered in a variety of ways to optimize detection of contacts and provide
effective security measures from possible enemy assaults. Communications consists of
the facilities, procedures, and equipment used for communications by the security forces.
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All of these communication elements are controlled to ensure expedient information flow
while maintaining security. The number of personnel assigned to the FPS is also
controlled to maintain the highest protection posture while providing adequate personnel
rest. The types of sensors and sensor layout will be controlled to ensure the greatest
capability given the operating environment. Finally, weapon types will be controlled in
their usage and placement to supply the necessary firepower and effective fields of fire

for the envisioned threat while maintaining high states of readiness.

The uncontrollable inputs include the environment, threats, and civilian
interactions. The weather and water level of the river make up the environment. Threat
comprises the size and type of enemy forces as well as enemy weapons, vehicles, and
tactics. For this study, the FPS faced a Threat Level II threat that included at most 150
people with AK-47’s, crew served weapons, and improvised explosive devices. The final
uncontrollable input is the civilian interactions with the FPS. Civilians can positively
provide indications of threats and negatively disguise threats based on traffic and activity

near the RF.

The intended outputs of the FPS are increased deterrence, reduced vulnerability,
and increased responsiveness. Increased deterrence is desired against enemies to prevent
attack, but also to prevent civilians from entering areas requiring a response by the FPS.
Increased deterrence is difficult to achieve for the small RF footprint desired because in
its nature increasing deterrence requires a demonstration of capability and force size. The
FPS must also demonstrate capabilities without revealing relevant tactics to enemy
forces. Reduced vulnerability consists of a reduction in the possibility of a security
breach, damage to the basing facility and/or injury to personnel should an attack occur.
Increased responsiveness, essentially the ability to respond to enemy threats rapidly, is
critical in successfully defending the base against enemy attacks and other events

requiring an increase in force protection posture.

The by-products of the FPS are an evolved threat, collateral damage, and other RF
systems disrupted. An evolved threat defined as the enemy has discovered sufficient
means to bypass or overcome the FPS. This could be in the weapons and tactics the

enemy employs against the RF. If the enemy evolves and becomes more capable, more
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effective enemy attacks may place the RF and its coalition partners at a greater risk.
Collateral damage could take the form of injured civilians or damaged equipment as a
result of the FPS’s actions. Finally, other RF systems, such as maintenance or logistics,
could be disrupted because of the operations being conducted by the FPS. For example,
if the FPS results in the slowing of traffic around the FOB, or creates many false alarms,

the movement of supplies into the FOB could potentially decrease.

3.5 FUNCTIONAL HIERARCHY

The completion of System Decomposition and the Input-Output model lead into
defining the problem in terms of functions performed by the RF. RST bounded the
problem by using a MIO scenario on the Kampar River in Indonesia. By defining the
exact scenario, a list of global functions could be developed that focused on areas for the
RST to research. This “decomposition, often referred to as top-down structuring, begins
with the top level system function and partitions that function into several sub-
functions.”'** The RST composed the functional hierarchy into four global functions:
engage, deploy, C4ISR operations, and sustainment as shown in Figure 26. Each one of
these global functions was used as insight to determine potential solutions in terms of
hardware, manpower, data, or software. Then each global function was decomposed into
sub-functions to scope and further define the problem. Each function was defined using

standard military definitions from Joint Pub 1-02.

Riverine Force

I

I | I I

Engage Deploy C4ISR Sustainment

I I I I

Deliver CO intent

. Pre-Position ; 3
Weapons Employment : Exchange tactical data
Loading : = A Supply
Maneuver Direct supporting arms ;
Movement 2 S Repair
Decoy ; Exchange Intelligence, ;
y Staging 7 Protect

Surveillance and
Reconnaissance (ISR)

Countermeasures :
Extract

Figure 26.  Riverine Force Functional Hierarchy
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Engage is to bring the enemy under fire.'” A series of related major operations

aimed at achieving strategic and operational objectives within a given time and space.'*®

Sub-functions of engage include:

Weapons Employment
Maneuver
Decoy

Countermeasures

Deploy is the relocation of forces and materiel to desired operational areas.

Deployment encompasses all activities from origin or home station through destination,

specifically including intra-continental U.S., inter-theater, and intra-theater movement

legs, staging, and holding areas.'”” Sub-functions of deploy include:

Pre-Position
Loading
Movement
Staging

Extract

C4ISR is the exercise of authority and direction by a designated commander over

assigned and attached forces in accomplishment of the mission. C4ISR is performed

through an arrangement of personnel, equipment, communications, facilities, and

procedures employed by a commander in planning, directing, coordinating, and

controlling forces and operations in the accomplishment of the mission.'*® Sub-Functions

of C4ISR include:

Deliver the commander’s intent
Exchange tactical data
Direct supporting arms

Exchange Intelligence, Surveillance and Reconnaissance (ISR)

Sustainment is the provision of logistics and personnel services required to

. . . . .. . 12
maintain and prolong operations until successful mission accomplishment.'”  Sub-

functions of sustain include:
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* Supply
e Repair

e DProtect

Interaction with stakeholders and the needs analysis showed a capabilities gap in
two major functions. The first gap identified was the communication interaction with
allied forces. A common operating picture that would be able to connect older legacy
technology with newer technology employed by the RF was needed in order to

effectively use host nation forces in current RF missions.

The second gap identified is an assumed lack of support for creating large basing
options in host countries. Therefore a logistic system needs to be developed to sustain a
small operating force in any terrain that is located upstream away from the littorals, with

waterways being the primary mode of transportation.

The need to improve the supply chain and develop a solution to replace the “Iron
Mountain” approach became the research focus after system decomposition and initial
stakeholder feedback. With this need in mind, the functions of sustain and C4ISR were
analyzed by looking at the supply, repair, communication, and protection functional

hierarchies.

3.5.1 Supply Group

The supply functional hierarchy shown in Figure 27 illustrates four major sub-
functions. The supply sub-functions are: management, maintain, movement, and
bringing back of supplies. While management is more of an enabler than a true function,
the RST included the function at this level of the hierarchy because of its significance.
However, the RST primary focus was on the sub-functions of maintain, movement, and
bring back to determine mechanisms that would increase overall performance of the RF.

The function of management is further explored in Appendix F.
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l

1.0 Management

2.0 Maintain

3.0 Movement

4.0 Bring Back

Figure 27.

3.5.1.1 Maintain

Maintain is the operational physical process synchronizing elements of the

Supply Functional Hierarchy

2.0 Maintain

logistic system to deliver the “right thing” to the “right place” at the “right time” in order

to support the operational commander."*® Sub-functions of maintain are shown in Figure

Request is the function of asking to fill a need, by first identifying the gap
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channels, and ensuring confirmation of request and arrival of materiel.

2.1 27 2.3 2.4 Issue 2.5 Supply
Request Receive Storage Items Train
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2.1.2 Identify 222 25y | | 242 2.5.2
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2.1.3 Generate 223 233 | | 243
Request Report Volume Composition
2.14 234 244
Confirmation Weight | | Containerization
Figure 28. Maintain Functional Hierarchy

between actual and desired amounts, generating a request to submit through proper



Identify Need — act of defining criterion that requires supply personnel
to react in order to ensure that supply levels remain able to accomplish
the mission."'

Identify Gap — act of recognizing minimum supply requirements and
comparing to actual status in order to obtain minimum specified
overlap.'?

Generate Request — perform the physical act of notifying the supply
chain via message or voice.

Confirmation — perform the physical act of ensuring request is

received and confirming arrival of materiel.

Receive is the function of classifying, accounting, and reporting of

personnel or materiel from the intra-theater deployment phase to a sea, air, or surface

transportation point of debarkation to the marshalling area.'*

Classify — act of recognizing composition of received supplies and
labeling according to Department of Defense standard ten classes of
supplies.'**

Count — accurate counting of materiel received.

Report — transmission of data or a report from the originating terminal

to the end receiver to acknowledge receipt and quantity of supplies.'”

Storage is the act of placing materiel onboard a vessel or in a facility.

Storage relates to the act of securing those items stored in regard to class, size, volume,

and weight in a manner that they do not shift or move during at-sea periods, using

methods and equipment as approved by higher authority.'*°

Class — act of storing supplies segregated by the Department of
Defense ten supply classes in order to facilitate handling"’.
Size — act of storing supplies segregated by class into further parcels in

order to accommodate square foot restrictions on board conveyances.
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Volume — act of storing supplies segregated by class into further
parcels in order to accommodate cubic foot restrictions on board
conveyances.

Weight — act of storing supplies segregated by class into further
parcels in order to accommodate weight (Ibs/tons) restrictions on

board conveyances.

The issue items process consists of order fulfillment, pre-positioning,

composition, and packaging of materiel and/or equipment in preparation for movement to

. . . . 1
staging and loading areas, in an operation."

8

Order Fulfillment — reconciliation of the consumers request for
supplies and verify correct supplies are pre-positioned.

Pre-Position — place supplies at a designated location to reduce
reaction time and ensure timely loading.'*’

Composition — act of arranging pre-positioned supplies having a
specific function in order to be packaged as an entity for ease of
movement.'*
Containerization — use of containers to utilize cargo for transportation
and storage. Containerization incorporates cargo packaging, storage,
transportation to loading area, and security together with visibility of
container and its contents into a distribution system from source to

consumer. 141

The supply train function encompasses activities associated with

delivering products and services to customers via a route, either land, water, and/or air

that connects an operating force with a base of operations and along which supplies and

forces move.'* Supply train is also the control of routes to include redundancy to ensure

throughput as well as protection to prevent interruption of delivery.
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e Protect — preservation of the effectiveness and survivability of supply
mission related personnel, equipment, and infrastructure deployed or
located within a given operational area.'*

e Redundancy — shifting of mutually supporting supply routes designed
to absorb throughput if main route is cut. Also, prevents initial
observations of the whole supply train by the enemy and gives the

. - 144
commander options to move supplies.

3.5.1.2 Movement
Movement is the routing of personnel and cargo over lines of

. . 145 . . .
communications. ~ Sub-functions of movement are shown in Figure 29.

3.0 Movement
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| Lift | Travel
3.1.3 Set 323
| In Place o Stop

Figure 29. Movement Functional Hierarchy

The loading function is defined as the process of staging, lifting, and
setting in place personnel, and materiel on board ships, aircraft, trains, road vehicles, or
other means of conveyance not to exceed the total weight of passengers and/or materiel
carried on board a ship, aircraft, train, road vehicle, or other means of conveyance.146

e Stage — organizing and preparation for movement of materiel at

designated areas to meet the operational commander’s requirements.'*’
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Lift — act of placing materiel on board a vessel using any means
available to the unloading entity.'*®

Set in Place — act of properly ordering, organizing and securing
materiel on board a vessel in a manner that they do not shift or move

. .. 14
during transit.'*

Transport is the start of conveyance along an established supply route,

travel along that route and stopping at the desired debarkation point for the materiel

carried.

Start — act of removing any attaching entities and beginning travel to
destination.

Travel — act of moving from starting point to stopping point.

Stop — act of navigating vessel to desired position and attaching any

entities needed to end travel.

Unloading of troops, equipment, or supplies from a conveyance includes

the functions of lifting the cargo, and staging for the next phase of movement whether to

store or load onto another form of conveyance.

Lift — act of removing materiel on board a vessel using any means
available to the unloading entity."’
Stage — organizing and preparation for movement of materiel at

. . . 151
designated areas to meet the operational commander’s requirements. "’

3.5.1.3 Bring Back

Bring Back is the return of personnel or materiel from the area of

operations whether by CASEVAC or disposition. Sub-functions of bring back are shown

in Figure 30.
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Figure 30. Bring Back Functional Hierarchy

Casualty evacuation (CASEVAC) is the unregulated movement of

casualties that can include transport both to and between medical treatment facilities.

Functions of CASEVAC also used to specifically identify a casualty for reporting

purposes based upon the casualty type and the casualty status.'™

Identify Casualty — recognizing a casualty for reporting purposes in
order to call for evacuation and begin stabilization.'>®

Stabilize — act of securing airway, controlling hemorrhage, treating
shock, immobilizing fractures, and preparing casualty for
evacuation.'”*

Transport — removal of a casualty by any of a variety of transport
means (air, ground, rail, or sea) from a theater of military operation to
health service center to include en route medical care.'>

Hospitalization — admitting the casualty to a medical treatment facility

capable of providing inpatient care.'®

Disposition is the act of preparing to remove waste from operational areas

by proper handling, and stowage. All waste will then undergo either retrograde which
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entails recycling and salvage, or disposal which covers discharging, destroying, or

decontamination of waste.

Handling — following proper procedures for the retrieval, storage, or
repositioning of non-hazardous, potentially hazardous, and hazardous
waste.

Stowage — placing materiel into a hold or compartment to prevent
leaks and prepare for retrograde or disposal.'’

Retrograde — evacuation of waste from area of operations in
preparation for recycling or salvage.'*®

Disposal — discharge, destruction, or decontamination of waste on
location if permissible or evacuation of waste from area of operations

in preparation for discharge, destruction, or decontamination.

3.5.2 Repair Group

After completion of the systems decomposition and input-output analysis, this

study focused on the functions necessary to accomplish the maintenance task in a riverine

squadron within the scenario bounds, primarily patrol and interdiction. In order to

sustain the force, from a maintenance perspective, the two functions of preventive and

corrective maintenance would have to be accomplished with the following sub-functions:

repair, replace, adjust, evacuate, and ignore. The repair functional hierarchy is shown in

Figure 31.
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Figure 31. Repair Group Functional Hierarchy.

The sub-function preventive maintenance represents the tests, measurements,
adjustments (calibration), and parts replacement, performed specifically to prevent faults
from occurring. This sub-function allows for the systemic inspections, malfunction
detection, and correction of incipient failures either before faults occur or before they
develop into major defects. This sub-function differs from corrective maintenance in that
it is executed according to a schedule determined by the manufacturer.

examples of preventive maintenance include the replacement of the air filter upon 1000

hours of use, or a monthly fire extinguisher check.

The corrective maintenance sub-function represents those actions carried out to

restore a defective item to a specified condition in which the item is fully mission cable
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and can successfully complete its mission. According to Marine Corps, “the detection of
the defective equipment may occur during routine preventive maintenance checks and
services or through operational failure of equipment.”'” It includes the same functions
as preventive maintenance; however, the phases of corrective maintenance are not
governed by a discrete schedule, and can be very time consuming due to the inherent
nature of corrective maintenance. Phase I involved problem isolation, Phase II required

repair parts are obtained, and Phase III entailed correcting the faulty equipment.

The core of the preventive maintenance sub-function is service. Service
represents operations performed periodically to keep the item in proper operating
conditions; i.e., clean, preserve, drain, paint, and replenish fuel levels, lubricants, and
hydraulic fluids. Scheduled inspections of various parts and components of the

equipment are checked for malfunctions and replaced or repaired as necessary.

Pre-Combat Checks and Inspections (PCC/PCI) are included under the preventive
maintenance sub-function, as they occur according to a time schedule based on mission
timelines. PCC/PCI’s are necessary checks and inspections of equipment prior to
executing a combat mission or before the routine use of equipment. Commanders
normally specify PCC/PCI’s in operations orders or through memorandum and require a
back brief in regards to the status of critical items of equipment prior to executing the

mission or routine use of the equipment.

The service and PCC/PCI sub-functions represent different ways in which faults
are detected. However, after identification of a malfunction, the faults are corrected in
the same manner through repairing, replacing, ignoring, adjusting or evacuating. In
corrective maintenance the types of malfunctions under consideration would have a
detrimental effect on the mission and thus cannot be ignored, hence the ignore function is

not included under this function.

The repair, replace, adjust, evacuate and ignore sub-functions were developed
using U.S. Army and Marine Corps doctrine and are now described. Repair represents
restoring the item to a serviceable condition by replacing unserviceable parts or by any

other action required, using available tools, equipment, and skills including welding,
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grinding, riveting, straightening, adjusting, facing, etc. Replace is ordering serviceable
components, assemblies, and sub assemblies for unserviceable parts. It also represents,
when necessary, the replacement of the entire end item, i.e. boat or truck, when
necessary. Adjust represents the necessary calibrations made periodically to optimize
system performance. Evacuation represents two processes, first moving by towing or
lifting a SURC back to the FOB or MOB for repairs performed by the squadron’s
maintenance team. Second, it represents evacuating the item out of theater for depot
level maintenance, outside the capability of the riverine squadron. Ignore is the action of
not doing anything when a defect is found. This can occur when operational
engagements preclude maintenance, or when dictated by the unit commander. This study
focused on malfunctions that would cause mission failure so this action is not considered

in the study, but it is mentioned as it was considered in our analysis.

3.5.3 Force Protection Group
The first three tiers of the functional hierarchy for the FPS are shown in Figure
32.

Protecting the RF

1. Predicting 2. Deterring 3. Denying

1.1 Gathering Intelligence 3.1 Act;’vely
2.1 Warning Denying

1.2 Analyzing Intelligence T 3.2 Passively
.2 Showing Force Diéisyiig

1.3 Protecting Intelligence

Figure 32.  Force Protection System Functional Hierarchy

As described in the system decomposition of force protection, the sub-functions
of protecting the RF were predicting, deterring, and denying the threat. Although
predicting the threat is not intrinsic to protecting the RF, the degree of success in this area

served as an amplifying or reducing factor for the other two functions. Successful
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predictions allowed the FPS to accurately scale defenses and consider tactics in
preparation of an attack by insurgents, thus increasing denial and deterrence. Likewise,
misused or uncollected intelligence decreased deterrence and denial. The sub-functions
of predicting the threat were gathering intelligence, analyzing intelligence, and protecting
intelligence. Gathering intelligence meant the collection of intelligence from people and
equipment comprising the FPS. Analyzing intelligence meant filtering intelligence to
extract useful information. Finally, protecting intelligence meant securing friendly

intelligence from the enemy.

The next sub-function of protecting the RF was deterring the threat. The sub-
functions of deterring were warning and showing force. Warning and showing force
comprised the mechanisms through which deterrence was accomplished because both
elements were ways of indicating to the enemy that any threatening actions may not
succeed. The RST defined warnings as the actions intended to inform civilians and deter
hostile forces. The sub-functions of warnings were visual and audible queuing, as they
comprised how warnings were accomplished. Visual queuing meant that warnings were
transmitted to people through their visual senses, and audible queuing with an equivalent
definition. Showing force by the FPS was defined as the combination of actions that
demonstrated the capability of the RF and coalition forces which would effectively deter
enemy aggression. Although showing force may be considered as a manifestation of
visual and audible warnings, it defers from these concepts in the RST’s definition
because a show of force may not be directly intended as a warning. Showing force was
often used as a means to prepare the RF for possible enemy actions. Showing force
included the sub-functions of conducting operations and fortifying structures.
Conducting operations were the practiced assaults and changes in posture designed to
intimidate possible attackers. In the operational environment, these operations were
called random anti-terrorist measures. Fortifying structures meant additions to structures

to make them less susceptible to attacks, thereby discouraging enemy actions.

The final sub-function of protecting the RF was denying the threat. Denying the
enemy a successful attack was accomplished by actively and passively denying the
enemy. The RST defined actively denying as denying the enemy a successful attack
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through action directed at the enemy. The sub-functions of actively denying were the
functions of the detect to engage sequence. There are several different constructs of the
particular functions involved in this sequence, but for the purposes of this study, the RST
used a construct that was comprised of the functions detect, locate, track, identify, and
engage. Detection was defined as “the perception of an object of possible military
interest but unconfirmed by recognition.”'® The RST defined locate as simply locating
the object. Track meant “to display or record the successive positions of a moving

59161

object. Identify was defined as “The process of determining the friendly or hostile
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character of an unknown detected contact. Finally, engage meant “to bring the enemy

1
under fire.”'®

The RST defined passive denial as denying the enemy a successful attack through
inaction or actions not directed at the enemy. The sub-functions of passively denying
were blocking, concealing, and moving. The RST defined blocking as physically
obstructing the enemy’s weapons from affecting intended targets. Concealing meant
masking critical facilities, weapons, and equipment from the enemy. Moving meant

simply moving away from a threatening area.

3.6 FUNCTIONAL FLOW DIAGRAM AND CONTEXT MODEL
A Functional Flow Block Diagram (FFBD) is a tool describing the system and its

elements in functional terms.'®*

FFBD’s should include coverage of all activities in a
systems life cycle and show proper activity sequences and interface interrelationships.'®
The RST compiled FFBD’s for each of the three overarching functions of sustain and one
for communications. Each FFBD’s starts with top layer functions and then decomposes
these functions into second and third layer functions. This decomposition allows for the
RST to describe the system in functional terms and shows what is required of each

function rather than how each function should be accomplished.'®

3.6.1 Supply Group
The supply enhanced FFBD used control structures such as iteration and looping

in order to add simplicity to a complex flow of functions. Looping was a control
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structure that was a repetition of a unique set of functions until exit criterion was
satisfied. A loop control structure began and ended with a loop (LP) node. An iteration
control structure was a repetition of a unique set of functions until a domain set was
satisfied. An iteration control structure began and ended with an iteration (IT) node.'®’
The FFBD also used AND nodes to show that all functions occurred simultaneously and
the flow could not continue on until the process was complete. An OR node showed a
decision based on certain criteria. The RST supply FFBD is shown in Figure 33. The
overall FFBD began with issue items (to base) which started the FFBD of materiel from
the delivery vehicle to the RF. The output of the FFBD was the bringing back of waste

as needed and a feedback loop to send the request for needed materiel.
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Figure 33.

RST Supply Functional Flow Block Diagram

The first fidelity test of the FFBD was to send a bullet to the RF. The bullet was
issued to the base (function 2.4) and loaded (function 3.1) onto the logistic connector.
Upon loading completion, the supply train (function 2.5) dictated which route to follow
and if additional protection was needed. The logistic connector started, traveled, and

stopped (function 3.2) at the basing alternative of the RF.

The bullet was then unloaded (function 3.3) and the RF began the receiving

process (function 2.2) as well as the retrograde and disposition processes (functions 4.2.4
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and 4.2.5). This loop (LP1) was repeated until all bullets were removed from the delivery
ship and accounted for by the RF and all waste transported out of the operational area.
Upon receipt completion, the issue of items to RF (function 2.2) began or the bullets were
placed into storage by class (function 2.3.1), size (function 2.3.2), volume (function

2.3.3), and weight (function 2.3.4) for later issue to the RF.

Accounting for the items issued (function 2.4), identifying the gap (function
2.1.2), and identifying the need (function 2.1.1) all fed into the request generation
(function 2.1.3) and confirmed (function 2.1.4). This request was a direct feedback into
the issue items to base (function 2.4) to ensure the correct amount of materiel continued

to flow.

The second set-up to test the response of the FFBD was to cause an interruption in
sending a bullet to the RF. The bullet was issued to the base (function 2.4) and loaded
(function 3.1) onto the logistic connector. Upon loading completion, the supply train
(function 2.5) dictated which route to follow and if additional protection was needed.
The logistic connector started, traveled, and while traveling was lost due to enemy
hostility. The bullet was never received (function 2.2) and retrograde and disposition
(functions 4.2.4 and 4.2.5) never occurred. The loop (LP1) was repeated until all bullets
were removed from the delivery ship but due to enemy action, all bullets have been lost.

Therefore the loop ends, however issuance of items to RF (function 2.2) continued.

Accounting for the items issued (function 2.4), identifying the gap (function
2.1.2), and identifying the need (function 2.1.1) all fed into the request generation
(function 2.1.3). However, the gap identified (function 2.1.2) was much larger. The
request was generated (function 2.1.3) and confirmed (function 2.1.4). The request was a
direct feedback into the issue items to base (function 2.4) to ensure the correct amount of

materiel continued to flow.
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3.6.2 Repair Group

The following assumptions were considering when developing the preliminary
Maintenance Flow Diagram (MFD):

e All malfunctions detected in the process were mission critical.

e They degraded the operational readiness of the troops in the Area of
Operations if no actions were taken to rectify them.

e Although all of the maintenance personnel were well-trained, such that there
was a reasonable expectation that they could perform all maintenance tasks
within their Level of Repair, some malfunctions fell beyond the skill level of

the nine maintenance personnel.

These assumptions were met with the following constraints in the further
development of the MFD: operational readiness, level of repair, time, and parts
availability. Operational readiness was the overarching factor that determined how the
maintenance procedures were designed and implemented. As a function of the SURC
reliability and its subcomponents, operational readiness calculations were used to
determine how often there would be a critical failure. Operational readiness is also a
function of re-supply times, repair times and the availability of maintenance personnel to
conduct repairs. The level of repair limited the types of malfunctions that could be
rectified by operators under operational environments and conditions. For the purposes
of this study, the Level of repair was limited to the first and second echelons of
organizational maintenance, and the third echelon of intermediate maintenance. At the
lowest echelon, repairs consist of cleaning and greasing, and other such tasks. The
second echelon is where scheduled maintenance and fault isolation takes place and is
performed by skilled personnel. The third echelon involves tasks that may include minor
hull/structural (welding) repair and installing external parts. In all three of these levels,
“Plug and Play” modularity in SURC maintenance and strong parts support are vital to
decreasing the amount of time it takes to return a faulty system to the desired level of
readiness, thereby allowing the commander maintain a high level of operational
reliability. In this case, time refers to the total amount of delay between the identification

of malfunctions to the instant the equipment is ready for deployment.
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Upon identification of a malfunction, the commander had four options: repair,
replace, ignore or evacuate, which he had to decide so as to fulfill the minimal
operational readiness required for mission accomplishment. The functional flow
diagram, Figure 34, shows how each SURC, and its associated parts, flowed through the
maintenance system, both for preventive and corrective maintenance. That is,
malfunctions were identified during preventive maintenance, pre-combat inspection, or

through operator diagnosis which required corrective maintenance.

Parts On
Hand

Conduct
Repair

—  Repair -

Order Repair | |
Parts

Convoy To
Patrol

Conduct Malfunction

ID Malfunction Replace | Replacement Addrassed

Fatral
| Returns to
FOB

—— Evacuation

— lgnore

Figure 34. Maintenance Functional Flow Block Diagram

If repair is selected, then flow involved the time to order and replace parts, and
return the SURC to normal operation. If the commander decided to replace the boat, a
replacement was sent forward to the patrol area, and the defective boat was towed to the
FOB for repairs. For malfunctions that did not affect the patrol’s mission, the
commander chose to ignore the fault. Malfunctions requiring level four echelon
intermediate maintenance, which involves heavy body, hull turret, and frame repair, or
depot level maintenance (e.g., overhaul, fabrication, machining, etc.), an evacuation of
the damaged SURC was coordinated and a replacement was brought forward into the
AO. Replacement in this study refers to the replacement of the entire boat and not just
the malfunctioned parts. The RST looked at three possible scenarios where the
replacement option was selected. First, the malfunction identified was beyond the skill

level of the operators, and if the boat was essential for mission accomplishment it had to
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be replaced. Second, the malfunction identified was within the skill level of the
operators, but the total time required for repair was greater than that of a replacement,
based upon the availability of replacement parts at the FOB. The third situation involved
a boat that was damaged beyond immediate repair, away from the FOB, and the
commander had to decide whether or not to tow the damaged boat back to the FOB and
send in a replacement. This decision was primarily based on how far the boat is into its
eight hour mission. If the commander chose to ignore the malfunction, the boat
continued on patrol. Evacuation represented the instance when the equipment needed to
be moved to a depot level maintenance facility, either ashore or afloat, and is no longer a
responsibility of the squadron’s maintenance system accept for accountability (i.e., the
overall calculation of the percentage of the squadron’s boats which are fully mission

capable).

3.6.3 Force Protection Group
The FPS functional flow demonstrated the functional order of the FPS as it would

appear in any scenario. Figure 35 shows the second and third level functional flow.
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Figure 35. Force Protection Functional Flow Block Diagram

From the Force Protection Functional Hierarchy, gathering intelligence, analyzing
intelligence, and protecting intelligence were the sub-functions of predicting the threat.
Before attempting to deter or deny the threat, the FPS tried to predict the threat to
effectively coordinate defensive activities based on the threat. Gathering intelligence was
the first sub-function of predicting the threat because no predictions could be made
without intelligence. Intelligence could be gathered by the FPS or from other sources.
For example, coalition partners may notice some unusual traffic activity and would seek
follow up observations by the personnel of the FPS. This gathered intelligence would
then flow into the next two sub-functions of predicting the threat, analyzing and
protecting intelligence. In the previous example, the FPS would take observations of the
traffic and check against historical data or past observations to deduce if there was
something unusual. In the meantime, analyzed data and analysis conclusions would be

secured from enemy forces.
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The next function that occurred during protection is deterring the threat.
Deterrence occurs to avoid being attacked and, likewise, avoid having to deny the enemy
a successful attack, so this function occurred before denying. The sub-functions for
deterring the threat were warning and showing force. Warnings and showing force were
independent methods of achieving deterrence, so the “or” block was used between the

two.

The final group of functions that occurred in the process of protection was the
sub-functions of denying: engaging, blocking, and concealing. Concealing was the first
function that would occur in these sub-functions because critical facilities should be
masked in the initial construction of the base, so concealing would occur prior to an
attack by the enemy. As intelligence on possible attacks became more available, changes
in concealment may occur. The next two functions, engaging and blocking, would occur
simultaneously, so the “and” block was used between these two functions. The
construction process to increase blocking might occur long before an enemy attack, but
the act of blocking the enemy’s weapons does not occur until the enemy attacks. The
enemy may be engaged before the enemy is able to fire a weapon, but if the enemy is
able to make the first strike on our forces, the two engaging and block would occur

simultaneously.

3.7 REVISED PROBLEM STATEMENT

Often a design team will plunge into a project without thoroughly
investigating what the top level objectives of the project are or should be.
Even as the needs analysis progresses, needs and problem statements may
have to be "adjusted" to incorporate new information. What was first
thought to be a bona fide need may suddenly be transformed into another
one. However, the goal of the project should remain the same; the
apparelrég need simply becomes different as the designer understands it
better.

After completing most of the functional architecture, the RST adjusted the
problem statement: “Define, analyze, and recommend alternatives for supply, repair, and
force protection that increase sustainability of the riverine force in the riparian

environment utilizing technologies currently in use or available for use by 2012.”
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3.8 OBJECTIVES HIERARCHY AND METRICS

Purpose of the hierarchy of objectives is to find what is important to the system’s
stakeholders in a value sense; that is, the stakeholders would (should) be willing to pay to
obtain increased performance (or decreased cost) in any one of these objectives.'® Using
the revised problem statement as the top level objective to be achieved an objectives
hierarchy was built using the functional hierarchy as a guide to account for all functions
have a purpose in the system. If any functions objective is deemed unnecessary the
function would then not be an integral part of the system. Therefore, the function could

be eliminated or rolled into a similar function to fit the stakeholder objectives.

The RST broke the riverine systems of systems into four functional areas: engage,
deploy, C4ISR, and sustainment. The sustainment function was furthered narrowed
down to supply, repair, and protect. Each one of these top level functions were further
decomposed into a functional hierarchy which was used to create an objective hierarchy

for each function of supply, repair, and protect.

3.8.1 Supply Group
The objective of supply was to ensure that the customer receives “what they

2 (13

want”,

2 (13

when they want it”, “where they want it”. Ensuring that the customer has the
ability to do the task at hand was the major objective of the logistics team. If the
customer lacks the materiel to complete the job then supply was not performing correctly.
The key evaluation measure (EM) for supply was percent of time that the MIO mission

was halted due to lack of materiel, such as fuel, water, food, repair parts, or ammunition.

The effective need was to design a supply system to move materiel to a forward

base (ashore or afloat) in a logistically barren area. Specifically, the system must

transport, store, and distribute materiel, as well as return waste as efficiently and

effectively as possible. Using the effective need as the top level objective the RST was

able to create a top level objective hierarchy based upon the functional hierarchy and
adding in the attributes of the system. The top level objective hierarchy is shown in

Figure 36.
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Figure 36. Top Level Supply Objectives Hierarchy.

The RST took each of the top level functions in the objective hierarchy and
decomposed the functions to include an objective statement and an EM. Further breaking
down each of the sub-functions to also include an objective statement and an evaluation
measure created a lower level objective hierarchy in which metrics could be determined.
The metrics could then be grouped into lower level evaluation measures to quantify the
results for certain functions of the system. The lower level evaluation measures were
then combined to create over arching evaluation measures in order to have a quality to

compare each of the basing alternatives and logistic connector alternatives.

The first function of management was considered to be integral to this system
however, our primary focus was on the functions of maintain, movement, and bring back.
Therefore management was explained in detail as a part of Appendix F. Every EM has
factors that are either time based, percent based, or effect based. Effects are multipliers
that either raise or lower the quantity. For example a learning effect of 0.9 lowered the
load time of a logistics connector while a learning effect of 1.1 raised the load time of a
logistics connector. All of the factors under each objective were what the RST consider
to be the most influential. The RST realizes there are many factors that are not included
due to limitations in time and modeling but recommend each of these objectives for

further study to explore the trade space of each factor.

3.8.1.1 Maintain
The second function of supply was maintain as shown in Figure 37. The

function of Maintain had four sub-functions of request, receive, storage, and issue items.
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The objective of 2.0 Maintain was to ensure flow of materiel. Every logistics connector

event dealing with the logistics train had a maintain entity.
EM2.0: Accurate Flow of Materiel

Factors:

e EM2.1 Accurate Relay of Need (%)

e EM2.2 Accuracy of Receipt (%)

e EM2.3 Accuracy of Storage (%)

e EM2 .4 Performance of Issue Items (%)

e EM2.5 Supply Train Performance (%)

Supply Accuracy Equation:

Accuracy = Request * Receive * Storage * Issue * SupplyTrain
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Maintain Objectives Hierarchy

The objective of 2.1 Request was to transmit accurate requests as needed.

EM2.1: Accurate Relay of Need

Factors:

EM2.1.1 Identifying Need (%)

EM2.1.2 Identifying Gap (amount of materiel)

EM2.1.3 Request Generation
EM2.1.4 Confirmation Acknowledge
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Accurate Need Equation:

AccurateNeed = Need * Gap * Request * Confirmation

The objective of 2.1.1 Identify Need was to correctly identify goods
needed for supply per logistics connector event. This EM quantifies the percentage of
time that the personnel correctly record the material needed and do not identify materiel

needed as food when in actuality it is fuel.
EM2.1.1: Identifying Need

Factors:

e Learning Effect (due to competency, knowledge, experience, training)

e Storage Accessibility (percentage of time the storage area was
accessible to physically view materiel on hand to determine need)

e Following Procedure (percentage of time that the personnel identify

the needed materiel correctly following procedures)

Identify Need Equation:

Need = Procedures * Accessibility * Learning

The objective of 2.1.2 Identify Gap was to correctly identify amount of

materiel needed for supply per logistics connector event.
EM2.1.2: Identifying Gap

Factors:

e Current Level (amount of materiel at base)

e Max Storage Level (amount of storage for materiel at base)
e Historical Consumption Rate

e EM3.0 Total Movement Time
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Identify Gap Equation:

Gap = MaxStorage - Currentlevel + (HistoricalRate * EM 3.0)

The objective of 2.1.3 Generate Request was to create & transmit an
accurate request as required. Further study into the system has shown that without a
request no materiel will be sent. Therefore the RST decided that EM2.1.3 Request

Generation was done on time, and accurate, 100% of the time.
EM2.1.3: Request Generation

Factors:

e Request Generated

The objective of 2.1.4 Confirmation was to ensure that request is received
per request. The RST considered this to be a requirement of the system. Therefore the
EM2.1.4 Confirmation Acknowledgment was done efficiently and correctly 100% of the

time.
EM2.1.4: Confirmation Acknowledgement

Factors:

e Confirmation Acknowledgement

The objective of 2.2 Receive was to accurately count materiel delivered

per logistics connector event.
EM2.2: Accuracy of Receipt

Factors:
e EM2.2.1 Accuracy of Classify (%)
e EM2.2.2 Accuracy of Count (%)
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e EM2.2.3 Report Sent

Receive Accuracy Equation:

Accuracy = Classify * Account * Report

The objective of 2.2.1 Classify was to accurately classify cargo for storage
per logistics connector event. This EM is the percentage of time that personnel correctly

classify food as food and fuel as fuel.
EM2.2.1: Accuracy of Classify

Factors:
e Learning Effect (due to competency, knowledge, experience, training)
e Following Procedure (percentage of time personnel follow procedure

and correctly classify materiel)

Classify Accuracy Equation:

Classify=Procedure*Learning

The objective of 2.2.2 Count was to accurately count materiel into
inventory per logistics connector event. This EM is the percentage of time personnel are

correct when counting the materiel brought into inventory.
EM2.2.2: Accuracy of Count

Factors:
e Learning Effect (due to competency, knowledge, experience, training)

e Following Procedure (percentage of time personnel follow procedure

and correctly count materiel)
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Count Accuracy Equation:

Count=Procedure*Learning

The objective of 2.2.3 Report was to confirm receipt of materiel per
logistics connector event. The RST considered this to be a requirement of the system.

Therefore the EM2.2.3 Report was done efficiently and correctly 100% of the time.
EM2.2.3: Report Sent

Factors:

e Report Sent

The objective of 2.3 Storage was to ensure safety and security of materiel

by storing properly between logistics connector events.
EM2.3: Accuracy of Storage

Factors:

e EM2.3.1 Class Accuracy (%)

e EM2.3.2 Size Accuracy (%)

e EM2.3.3 Volume Accuracy (%)
e EM2.3.4 Weight Accuracy (%)

Storage Accuracy Equation:

Accuracy = Class * Size *Volume *Weight
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The objective of 2.3.1 Class was to store materiel by class as required.

This EM is the percentage of time that the materiel received is stored in the proper place.
EM2.3.1: Class Accuracy

Factors:

e Correct Location (percentage of time materiel is correctly stored in the
right location)

e Correct Labeling (percentage of time that the materiel was labeled
correctly upon receipt)

e Learning Effect (due to competency, knowledge, experience, training)

Class Accuracy Equation:

Class=Location * Labeling * Learning

The objective of 2.3.2 Size (ft*) was to store materiel by square footage as
required. This EM is the percentage of time that materiel required to be stored by square

footage is actually stored by square footage.
EM2.3.2: Size Accuracy

Factors:

e Matching Cargo to location by square footage (percentage of time
materiel is correctly stored by square footage)

e Learning Effect (due to competency, knowledge, experience, training)

Size Accuracy Equation:

Size Accuracy = Matching cargoto ft**Learning
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The objective of 2.3.3 Volume (ft) was to store materiel by cubic feet as
required. This EM is the percentage of time that materiel required to be stored by volume

is actually stored by volume.
EM2.3.3: Volume Accuracy

Factors:

e Matching Cargo to location by cubic feet (percentage of time materiel

is correctly stored by volume)

e Learning Effect (due to competency, knowledge, experience, training)

Volume Accuracy Equation:

Volume Accuracy = Matching cargoto ft**Learning

The objective of 2.3.4 Weight (Ibs) was to store materiel by weight as
required. This EM is the percentage of time that materiel required to be stored by weight
is actually stored by weight.

EM2.3.4: Weight Accuracy

Factors:

e Overloading Logistic Connector (percentage of time logistics

connector is overloaded with materiel)

e Learning Effect (due to competency, knowledge, experience, training)

Weight Accuracy Equation:

Weight Accuracy = (1- Overload)*Learning

The objective of 2.4 Issue Items was to ensure timely and complete

preparation before issuance as required per request. This EM is the performance rating of

109



how well the RF personnel issue items based on time. The longer the time to issue items

the poorer the performance.
EM2.4: Performance of Issue Items

Factors:

e Accuracy of Correct Fulfillment (percentage of time personnel issue

an item correctly)

e Preparation Time for issue (time in minutes to prepare items for

issuance)

Issue Items Performance Equation:

Issue Items=Time(1+(1-Accurracy))

EM2.4A: Accuracy of correct fulfillment

Factors:
e EM24.1 Accuracy of Order Fulfillment
e EM2.4.3.1 Accuracy of Composition

Correct Fulfillment Accuracy Equation:

Accuracy=Fulfillment * Composition

EM?2.4B: Preparation Time for issue

Factors:
e FEM?2.4.2 Pre-Position Time for Issuance
e EM2.4.3 Composition Time

e FEM?2.4.4 Containerization Time

Issue Preparation Time Equation:
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Time = Pre - Position + Composition + Containerization

The objective of 2.4.1 Order Fulfillment was to fill orders as requested.

This EM is the percentage of time personnel issue items and that item was desired by the

requesting party.

EM2.4.1: Accuracy of Order Fulfillment

Factors:
e Learning Effect (due to competency, knowledge, experience, training)

e Accuracy of Order Fulfillment (percentage of time personnel issue

items and that item was desired)

Order Fulfillment Accuracy Equation:

Accuracy=Fulfillment*Learning

The objective of 2.4.2 Pre-Position was to collect items for issue as

required. This EM is the amount of time to locate, retrieve, and move items to stage for

issuance.

EM2.4.2: Pre-Position Time

Factors:

e Movement for pre-position time (time in minutes to lift, transport, set
in place items requested)

e Materiel Search Time (time in minutes to locate and retrieve items

requested)

e Learning Effect (due to competency, knowledge, experience, training)

Pre-Position Time Equation:
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Time = (Pre - Position + Search) * Learning

The objective of 2.4.3 Composition was to organize items for issue as
required. This EM has a time based component as well as an accuracy component. The
accuracy component is the percentage of time personnel issue the correct number of

items requested.
EM2.4.3.2: Composition Time

Factors:

e Organization Time (time in minutes to organize items requested for

containerization)

e Learning Effect (due to competency, knowledge, experience, training)

Composition Time Equation:

Time = Organization * Learning

EM2.4.3.1: Composition Accuracy

Factors:
e Learning Effect (due to competency, knowledge, experience, training)

e Composition Accuracy (percentage of time personnel issue the correct

number of items)

Composition Accuracy Equation:

Accuracy = Composition * Learning
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The objective of 2.4.4 Containerization was to package materiel for issue
as required. This EM is the amount of time in minutes to package all items requested as

necessary.
EM2.4.4: Containerization Time

Factors:

e Packaging Retrieval Time (time in minutes to retrieve packing
material)

e Organizing Materiel for packaging time (time in minutes to organize
packing material)

e Packaging Time (time in minutes to physically prepare the item for
issue)

e Issue Time (time in minutes to transfer the items to the requesting
personnel)

e Learning Effect (due to competency, knowledge, experience, training)

Containerization Time Equation:

Time = (Retrieval + Organizing + Packaging + Issue) * Learning

The objective of 2.5 Supply Train was to monitor route availability,

maintainability, and protection per logistics connector event.
EM2.5 Supply Train Performance

Factors:
e Route Availability (%)
e Route Maintainability (%)

e Connector Protection (%)

Supply Train Performance Equation:
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SupplyTrainPerformance = Availability * Maintainability * Protection

The objective of 2.5.1 Protection was to protect logistics connector per
logistics connector event. This EM was the percentage of time the logistics connector
survives one transport event up the river to deliver materiel and then returning to the

supply ship for the next delivery.
EM2.5.1 Survivability

Factors:

e Susceptibility (percentage of time the logistics connector is open to an
effective attack)

e Vulnerability (percentage of time the logistics connector is destroyed

due to an effective attack)

Survivability Equation:

Survivability = Susceptibility* Vulnerability

The objective of 2.5.2 Redundancy was to ensure route was available and
maintained per logistics connector event. This EM was the perc