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INTRODUCTION

0.1 BACKGROUND

The US Army Quartermaster Center and School (USAQMC&S) has a requirement for
a Best Technical Approach (BTA) Analysis to determine the most effective and cost efficient
approach to meet the stated requirement for a Wastewater Management System for the Force
Provider package. Data and information from this BTA is intended to support the development
of the Cost and Operational Effectiveness Analysis (COEA).

This BTA is based on the Operational Requirements Document (ORD) for the Force
Provider, which was approved on 23 June 1993, and the April 1994 draft of the Mission Needs
Statement for the Mcbile Wastewater Treatment Plant. The acquisition category (ACAT) for
the Wastewater Treatment System has not yet been determined. However, it is anticipated to
be ACAT IV, based on the expected value of the program in terms of procurement and R & D.

The purpose of this BTA is to assist the combat developer in the preparation of the
COEA and provide decision makers at the Milestone Decision Review (MDR) with sufficient
information and analysis to enable them to:

(1)  Determine the Force Provider Wastewater Treatment System Approaches which
offer the highest potential of meeting the stated operational requirement;

(2)  Select the best acquisition strategy; and

3) Determine whether continuation of the Force Provider Wastewater Treatment
System program is justified.

BRTRC Technology Research Corporation was commissioned to provide the required
BTA analysis under their existing operations research/systems analysis (ORSA) support contract
with the US Army Belvoir Research, Development and Engineering Center (BRDEC), contract
number DAAK70-92-D-0003, DO 0036. This BTA constitutes Deliverable 0004 of that
Delivery Order. '

0.2 FORMAT
No specified format has been established for a Best Technical Approach analysis. This
BTA follows the format prescribed for a Cost and Operational Effectiveness Analysis (COEA)

by Department of Defense Manual DoD 5000.2-M, Defense Acquisition Management
Documentation and Reports, dated February 1991, Part 8, Atachment 1.
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0.3 GENERAL TECHNICAL APPROACH

The general technical approach utilized during the preparation of this BTA is in
accordance with the study process outlined in the Training and Doctrine Command (TRADOC)
Pamphlet 11-8 (Draft). In particular the BTA utilizes the concept of Decision Cost developed
in that TRADOC publication. The BTA was also conducted in accordance with the guidance
set forth in the DoD 5000 series Directives and Instructions; relevant Army Regulations and
AAE, Department of the Armmy (DA), TRADOC, and Army Materiel Command (AMC)
memoranda and guidance in effect on or before the information cutoff date for this study (15
May 1994). The BTA includes information derived from other current program management
documents that apply to Force Provider and to the Force Provider Wastewater Treatment System
and references those documents.

0.4 NATURE OF THIS REVISION

A Draft BTA was produced on 10 June 1994. A meeting of representatives from Force
Provider, US Army Quartermaster Center & School, and Mobility Technology Center - Belvoir
to discuss this draft was held at BRTRC on 20 June 1994. This Final Report incorporates
changes approved at that meeting as well as individual changes requested by Force Provider and
by Mobility Technology Center - Belvoir.

0.5 SUMMARY

Since this BTA follows the DOD format for a COEA, Section 4 presents a summary of
the results and is intended as an Executive Summary of this report. The Recommendations are

on page 4-9.
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SECTION 1

THE ACQUISITION ISSUE

1.1 NEED

1.1.1 General

The Army needs a sound wastewater management plan for the Force Provider
package. Developing and executing such a plan will contribute to controlling the potential health
threat posed by waste-borne diseases in the field and will also satisfy environmental regulations
and concerns, as directed in Defense Planning Guidance.

1.1.2 Background

The need for the Force Provider resulted from support deficiencies identified
during Operation Desert Storm (ODS). The Chief of Staff, Army stated that quality of life is
a crucial element in improving overall combat readiness and that the Army could have done
better during ODS in providing living and working conditions for soldiers. (Reference Mission
Need Statement Summary, Operational Requirements Document (ORD) for Force Provider
approved 23 June 1993, Section l.c.)

The Force Provider package is a tent-based facility developed to give the front-line
soldier a brief respite from the rigors of field operations in a combat theater. Specifically it is
designed to provide each soldier with three hot meals a day, laundered clothing, environmentally
controlled shelters, showers, modern latrines, and morale, welfare, and recreation facilities.
Conceptually, Force Provider is similar to the US Air Force "Harvest” family of systems.

Force Provider will be air transportable, containerized, and modular in order to
enhance its deployability, transportability, and flexibility. Each Force Provider package will
contain all material necessary to provide food, billeting, and hygiene to 3,300 soldiers per
rotation. It will be composed of six 550-soldier modules, with each module capable of
independent operations. The separate modules of Force Provider are designed primarily for use
in the division support area to provide rest and recuperation for forward deployed units.
However, the modules may also be deployed along MSR’s to provide convoy support and at
aerial or sea Ports of Debarkation to facilitate force reception. In addition to these support
missions in a theater of operations, Force Provider is also intended to support disaster relief and
humanitarian missions. (Reference Operational Requirements Document (CRD) for Force
Provider approved 23 June 1993, Section 1.a.)

In providing support in all these situations, Force Provider produces considerable
volumes of wastewater from the showers, laundries, kitchen, and latrines. At present the
preferred and most cost effective solution for handling this wastewater is through host nation
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support. Typically, the wastewater is introduced directly into local sewage systems or collected
and hauled away by local contractors. When host nation support is not available, field expedient
methods such as seepage pits are used. However, these methods are no longer considered
adequate with respect to human health and the environment and are no longer allowed in the US
and in certain foreign countries. In addition, Force Provider may also be used at remote sites
and in less developed countries where local support does not exist and in disaster areas where
wastewater treatment systems are damaged or overloaded. Consequently the Force Provider
Combat Developer, the US Aimy Quartermaster Center and School (USAQMC&S), has
identified a requirement for treating the wastewater generated by the Force Provider System to
an environmentally safe level for local discharge. The purpose of this Best Technical Approach
(BTA) is to identify the best wastewater management plan or treatment method to meet the

Combat Developer’s requirements.

1.1.3 Terminology

This BTA examines several wastewater management options for dealing with the
wastewater produced by Force Provider. Some, but not all, of these options involve equipment
to treat the wastewater. A set of equipment designed to manage the Force Provider wastewater
by treating it to an environmentally safe level for local discharge will be referred to in this
report as the Force Provider Wastewater Treatment System (FPWWTX).

1.2 THREAT

Force Provider wastewater management or the Force Provider Wastewater Treatment
System (FPWWTX) will not counter a threat capabiiity directly. Instead, they are designed to
improve combat effectiveness by reducing the exposure of the soldier to waste-borne diseases.
It will also improve the quality of life of the soldier in the field and hence improve morale and
combat effectiveness.

The Force Provider Wastewater Treatment System and its associated personnel are
vulnerabie to the entire spectrum of threat destruction and disruption capabilities at all levels of
conflict across the operational continuum, from low through high intensity conflict. It is
possible, though not very likely, that the system will be attacked as a target of opportunity.
More likely, however, is collateral damage to the system as a result of an attack on a nearby
target in the division and corps area. Destructive capabilities such as direct and indirect artillery
or rocket fire, small arms f.re. aerial delivered munitions, and sabotage can harm the system and
its associated personnel. This capability also will be susceptible to chemical or biological
contamination. Thus NBC operations and weapons effects may render the system temporarily
unusable or may destroy it. (Reference Operational Requirements Document (ORD) for Force
Provider approved 23 June 1993, Section 2 and Draft Mission Needs Statement for Mobile
Wastewater Treatment Plant, Section 2.b.)

1-2
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1.3 ENVIRONMENT

Force Provider wastewater management and the Force Provider Wastewater Treatment
System (FPWWTX) will be used in a variety of operating environments consistent with Army
doctrine and missions.

With regard to location in the theater of operations, the Force Provider system is
designed primarily for use in the division and corps support areas to provide rest and
recuperation for forward deployed units. As indicated above, however, it may also be deployed
in rear areas, such as along MSR’s and at Ports of Debarkation. In addition to these military
support missions in a theater of operations, Force Provider is also intended to support disaster
relief and humanitarian missions.

Force Provider will require support from available engineer units for site preparation,
set up, and recovery. Supply and maintenance support and transportation above the
organizational level, as well as other required combat support (CS) and combat service support
(CSS) functions, will be provided by CSS units assigned or attached to the supporting Area
Support Group (ASG) or Corps Support Group (CSG). Water supply and treatment support will
be provided by the doctrinal water support structure. The Force Provider medical facility (aid
station) will be operated by a medical unit assigned to the appropriate medical group or brigade
and will provide all medical equipment and supplies necessary. Retail supplies and merchandise
will be provided by the Army and Air Force Exchange Service.

With regard to climate, the Force Provider Wastewater Treatment System (FPWWTX)
will be capable of being operated, transported, and stored in basic and hot climatic
environments, as defined by AR 70-38, without additional protection such as shelters.
(Reference ORD for the Force Provider approved 23 June 1993, Section 1.b.)

1.4 CONSTRAINTS

Force Provider wastewater management and the Force Provider Wastewater Treatment
System must comply with industry and government safety and health hazard standards and must
not present any uncontrolled or health hazards throughout the life cycle of the system. The
system must permit cleaning, disinfection, and inspection of coniponents. It must be capable
of purifying "black water” from latrines and aid stations as well as "gray water" from laundry,
shower, and kitchen facilities. The sludge produced by the system should be minimized.

The ORD for the Force Provider requires that the system be "equipped with or supported
by a proper, environmentally sound waste storage, disposal, filtration, and/or treatment method.”
These terms are rot defined, but for the purposes of this analysis it is assumed that the effluent
from the system must meet the U. S. Environmental Protection Agency standards for secondary
wastewater treatment. These effluent standards can be summarized as follows:
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] The mean value of the 5-da;y biochemical oxygen demand (BOD) and suspended
solids must not exceed 30 mg per liter.

° Removal efficiency must be greater than 85%.

L] Fecal coliform average must not exceed 200 per 100 ml for a 30-day period or
400 per 100 mg for a 7-day period.

L] The pH must be between 6.0 and 9.0.

Some individual states have higher effluent standards, but the Force Provider is designed
primarily for use in overseas Theaters of Operations. It should be noted that deployments . the
US - in disaster relief operations, for example - may require higher levels of treatment or
waivers. (Reference GRD ior the Force Provider approved 23 June 1993, Section 4.a.)

If a packaged treatment plant is recommended for Force Provider, the dimensions of each
module should not exceed 8 x 8 x 20 feet. (The plant may be composed of several modules.)
Each module should be ground transportable by vehicles organic to US Army units and air
transportable in C-130 and larger aircraft.

The Force Provider Wastewater Treatment System will require aa increase in manpower,
but the required skills may be incorporated into an existing MOS. The system will be supported
by the standard Army logistics system and maintained in accordance with the Army’s standard
four-level maintenance system to the maximum extent possible. Individual and unit training will
be required for operator and maintenance personnel. Only standard tools will be used -- no
special tools will be required to support the system. (Reference ORD for the Force Provider
approved 23 June 1993, Section 4.b.)

1.5 OPERATIONAL CONCEPT

Force Provider is a system that will provide quality of life/R&R support for a force of
3,300 personnel. It consists of six 550-soldier modules, with each module capable of
independent operations. The Force Provider will be assigned to a Theater Army Area Command
(TAACOM) or Corps Support Command (COSCOM), with further attachment to an Area
Support Group (ASG), Corps Support Group (CSG), Supply and Services Batialion, or other
appropriate headquarters. A Force Provider Type B unit, augmented with military or civilian
personnel, will be the primary operator of the system.

Elements of the 550-soldier module of the Force Provider could be employed as far
forward as the division support area (DSA), depending on mission, enemy, troops, terrain, and
time (METT-T). The full 3,300-soldiec Force Provider -- all six modules -- will be employed
as far forward as the corps area.
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The Force Provider will be supported by the standard Army logistics system (supply and
maintenance) to the maximum extent possible. Exceptions to this requirement will be addressed
on a case-by-case basis. It is desirable that the Force Provider and ail of its subsystems,
including the Wastewater Treatment Subsystem, be repairable at organizational (ORG), direct
support (DS), and general support (GS) levels of maintenance. The system may require new
military occupational specialties (MOS) or additional skill identifiers (ASI); for example,
wastewater treatment specialist. (Reference ORD for the Force Provider approved 23 June
1993, Section 1.b.)
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SECTION 2

ALTERNATIVES

2.1 PERFORMANCE OBJECTIVES

The Operational Requirements Document (ORD) for the Force Provider System (FP)
states, "Some requirements of the FP, such as waste disposal and wastewater
reutilization/disposal may not be available initially with current technology. A concurrent pre-
planned product improvement (P3I) program will be initiated to allow for modernized equipment
and upgrades to the FP as the technology becomes available.” The ORD therefore does not
specify all of the operational requirements necessary for procuring a wastewater treatment
system. There are a number of general FP system requirements in the ORD, however, which
do bear directly on performance objectives for P31 wastewater treatment system. The following
performance objectives stem from the ORD:

2.1.1 "Nastewater Treatment Capacity

Each FP system consists of six 550 soldier modules. The supported force is
therefore 3300 soldiers per FP system. The wastewater system must be able to support each
module separately. In addition to latrine wastewater, wastewater will be generated by the
requirements that each FP soldier be provided one shower per day, 15 pounds of laundry service
for each three day period, and three prepared meals per day. The 24 hour wastewater production
rate range is between 25,000 and 40,00G gallons per day per 550 soldier module. Paragraph
3.3.2.1.2 provides the rationale for choosing 26,400 gallons per day, which is based on the FP
estimate of 48 gallons of wastewater per person per day.

2.1.2 Effluent Quality

The ORD states that: "Wastewater that cannot be treated will be disposed of
through an environmentally safe method.” It further states with regard to latrines that the
latrine capability "must be equipped with or supported by a proper, environmentally sound,
waste storage, disposal, filtration, and/or treatment method.” As previously stated in paragraph
1.4, for the purposes of this analysis it is assumed that the effluent from the system must meet
the National Pollutant Discharge Elimination Systems (NPDES) standards for secondary
wastewater treatment; i.e., S-day BOD and suspended solids must not exceed 30 mg per liter,
removal efficiency must be greater than 85%, fecal coliform average must not exceed 200 per
100 ml for a 30-day period or 400 per 100 mg for a 7-day pericd, and the pH must between 6.0
and 9.0. Tt was also noted that this level of quality mignt not meet individual state standards.
Therefore, in U.S. disaster relief operations or in U.S. training situations, either higher effluent
standards or waivers would be required.

2-1
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2.1.3 Weight

No specific weight requirement was identified in the ORD. Discussions with the
project manager indicated an ISO container gross weight limitation of 13,000 pounds or 10,000
for TRICON will be necessary. See the following discussion of transportability.

2.1.4 Size

While no specific size requirement was identified, the ORD dc#s require that all
equipment fit in containers having external dimensions no greater than 8 feet wide, 8 feet high
and 20 feet long. Furthermore, the containers must be Organization for International
Standardization (ISO)-compatible and meet all ISO structural and handling requirements for
international shipping, including stacking requirements. See the following discussion of
transportability.

2.1.5 Power Consumption

No specific power consumption or power compatibility requirements were
identified. The ORD does state that FP must "be resource efficient in terms of manpower,
energy, fuel and water;...; and multifuel capable.” Multifuel capable was explained in the
Rationale Annex to mean use of the predominant battlefield fuels, JP-8 and DF2.

2.1.6 QOperational Environment

The wastewater system must be capable of operations in temperature, solar
radiation, and humidity conditions of hot and basic climate design types of Army Regulation 70-
38. If the FPWWTX is developed, it will be required to meet the full temperature/climatic
requirements of the ORD.

2.1.7 Maintainability and Logistical Supportability

The FP will be supported by the standard Army logistics system, both supply and
maintenance, to the maximum extent possible. Exceptions for P31 subsystems such as the
Wastewater Treatment System will be addressed on a case-by-case basis. For the basic FP,
additional skills to operate or maintain the subsystem should not be required beyond those
already taught to soldiers for their respective areas of responsibility. It is recognized, however,
that the wastewater ireatment system may require a new military occupational specialty
(MOS)(e.g., wastewater treatment specialist) or unique Additional Skill Identifiers (ASI) for
operators and mainrainers. It is desirable that the wastewater treatment system be repairable at
organizational, direct, and general support levels of maintenance. New system-specific test,
measurcment, and diagnosiic equipment (TMDE) is not desired for P31 systems to include the
wastewater treatment system. Exceptions will be made on a case by case basis.

2.1.8 Transpontability




The wastewater treatment system in its shipping configuration will be capable of
transport by highway, air, rail, and marine modes:

] Air transport will include C-130, C-141, C-5 and C-17 military aircraft.

° Marine transport will include the Lighter, Air Cushioned Vehicle-30
(LACV-30) and larger vesseis.

° Rail transport is required.

e Highway transport and limited cross country transport is required i)y
five ton truck and tractor, semi-trailer, Palletized Load System, self-

loading trailers, or mobilizer systems.

The Rationale Annex of the ORD further states that: "Strategic and tactical
mobility are critical design factors. The FP will be required to deploy to locaticns and situations
across the TO. It must be capable of meeting the same transportability requirements of
supported units. Flexibility in deployment ensures its capability to support conventional and
highly mobile forces conducting operations.”

2.1.8 NBC Operations

All P3I equipment for FP must meet the contamination survivability and
decontamination standards required in AR 70-71, TRADOC Regulation 71-14, and Department
of the Army approved nuclear, biological and chemical (NBC) contamination survivability
criteria for Army materiel. The Rationale Annex of the ORD states that: "All P31 components
should meet the contamination survivability criteria as those items are still to be developed or
may be currently under development and required to meet these standards.”

2.1.9 Manpower

The FP system to support 3300 personnel will be operated primarily by a cadre
unit, augmented with military/ civilian personnel. As discussed in paragraph 2.1.7 previously,
the wastewarer treatment system may require either creation of a new MOS or ASI for operators
and maintainers. The systems approach to training will be used to determnine the actual training
program for FP. It is desirable to minimize Army training cost, time, and associated resources.
Any civilian augmentation will require personnel with commensurate skills required for the
MOSs identified to operate and maintain the FP.

2.2  DESCRIPTION OF ALTERNATIVES
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2.2.1 Introduction

According to the Statement of Work, the preferred solution for Force Provider
wastewater disposal is the same as for all other Force Provider utilities; use available local
utilities. In the case of wastewater, the collection lines would be run to and connected directly
with the host nation or local sewer system. This solution is fastest and least expensive, but it
is not always available. Force Provider may be used at remote sites and in less developed
countries where such local support does not exist. In using Force Provider for the mission of
disaster assistance, there is great likelihood that the local wastewater treatment and sewer
systems may be inoperative or overloaded.

In the event direct discharge into an existing sewer system is not possible, there
are fundamentally three ways of managing the wastewater generated by the Force Provider
System. The untreated wastewater can be collected, hauled away, and disposed of elsewhere;
the untreated wastewater can be treated by a plant or by an oxidation pond to reduce its pollution
potential sufficiently to make its discharge into the ground or receiving waters environmentally
acceptable; or the Field Sanitation Approach can be taken with the untreated wastewater by ucing
burn out latrines, soakage pits or otherwise burying or disposing the wastewater near the FP.
Each of these alternatives will be discussed in this Section, then analyzed in Section 3 and
summarized in Section ¢. The trzatment alternative will be broken into two approaches --
Packaged Wastewater Treatment Systems and Oxidation Ponds/Sewage Lagoons. Each of the
approaches will be reviewed in general, then specifically discussed in terms of the performance -
objectives listed previously.

2.2.2 Collect and Haul Away
2.2.2.1 Discussion

If it is not possible to discharge wastewater directly into an existing
sewage collection and treatment system, hauling it away from Force Provider is then probably
the easiest way to treat the wastewater. Treatment responsibility is transferred elsewhere. The
Army’s only responsibility is to ensure the treatment is environmentally acceptable.

Collecting FP gray and black wastewater and hauling it away was
the initial recommendation tnade by the Force Provider Wastewater Collection and Treatment
System Working Group which met on 7 April 1993. A number of collection alternatives were
examined. The recommended graywater system for each 550 soldier module consisted of two
20,000 gallon POL pillow tanks located 1000 feet outside the perimeter of the camp.
Wastewater collection vehicles would collect the graywater from the storage bags for disposal.
If collection vehicles were not available, an additional 1000 feet of hose line would transport the
graywater to a field expedient disposal site. The blackwater collection system for each 550
soldier module consisted of two trailer mounted 600 gallon POL pods on trailers located adjacent
to each latrine. Army wastewater collection trucks would collect the wastewater and haul it to
an acceptable disposal site.
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Hauling away blackwater may be a viable option provided that a
suitable treatment facility is available within a reasonable haul distance. To some extent the ease
of transferring the problem to a contractor is offset by the potential for inappropriate disposal
of the black wastewater.

Hauling away graywater is possible, but the quartities of gray water
wiil be about 25,000 gallons per day for each 550 soldier module. The logistics involved in
moving so much wastewater by 1000 gallon, or even 5000 gallon trucks, are substantial. Again,
a suitable site must be available for disposal — the use of seepage pits or open dumping of this
quantity of water is not environmentally satisfactory.

2.2.2.2 Ability To Meet Performance Objectives

® Wastewater Treamment Capacity. Collect and Haul can meet the
capacity requirements. As previously discussed, however, it will take a substantial effort if all
the wastewater must be transported. The contractor who collected the wastewater during the
operational test at Fort Bragg, for example, used two 8,400 gallon tanker trucks and one 4,000
gallon vacuum truck to remove some 20,000 gallons per day of gray and biack water.

o Effluent Quality. This is not an issue for Collect and Haul since there
is no treatment being directly applied. There must be consideration, however, of the disposal
means being used at the final discharge site, since the Army could be considered responsible for
any environmental or health problem.

® Weight. Discussed with transportability.

o Size. This is not an issue for the collection tanks or bladders must be
transported. These can fit into ISO containers. The trucks, of course must be transperted

separately.

® Power Consumption. Fuel is required for the sewage collection trucks.
® QOperational Environment. This is not an issue for Collect and Haul.

® Maintainability and Logistical Supportability. There are significant
maintenance requirements for vehicles and the other special equipment needed for wastewater

collection and disposal.

® Transportability. A substantial number of trucks and trailers would be
needed as part of the Force Provider package. See Section 3.3.2.1.2 for detailed assumptions

and calculations.




® NBC Operations. This is not a major problem for the collection tanks
and/ bladders. It becomes a problem, however, for the trucks and equipment used to collect the
wastewater.

® Manpower. Substantial numbers of truck drivers, equipment operators
and mechanics will be needed.

2.2. Packaged Wastewater Treatment System
2.2.3.1 Discussion

The manufacture of small wastewater treatment plants has been done
commercially for many years. There are a great number of such systems on the market.
Mobility Technology Center-Belvoir has conducted a recent market survey in which 89
commercial wastewarer treatment sources were identified through a Commerce Bulletin Daily
announcement, professional conferences and unsolicited contacts. Twenty-seven packaged
wastewater treatment system suppliers responded to a comprehensive questionnaire on their
systems’ operational performance, product assurance, production, cost and schedule
characteristics. Most of the respondents produced blackwater, graywater and combined systems.

The methods for wastewater treatment in the packaged systems were
primarily biological, but there were a number of systems which used other technologies.
Membrane/bioreactor, physical separation and chemical technologies were offered.

Determining which technology and subset of technology was best was not
part of the market survey. Generally each of the technologies will yield the desire treatment
level when the systems are operating correctly. Biological systems are subject to shock loading
and may lose their treatment efficiency. Membranes are subject to clogging and require
replacement periodically. All require power and are dependent upon operators with a proper
level of training.

Redeploying packaged plants involves a substantial clexn up procedure to
meet Department of Agriculture standards for return to the United States from OCONUS
deployments.

2.2.3.2 Ability To Meet Performance Objectives

® Wastewater Treatment Capacity. Packaged plants can be obtained which meet
the required treatment capacity. Many are in the 20,000 to 50,000 GPD range. The size of the
plant may vary depending on the method of treatment.

e Effluent Quality. Packaged plants can meet or exceed the quality
requirements.

2-6



® Weight. Numerous packaged plants can meet the individual ISO container
weight limitation.

® Size. Numerous packaged plants can meet the ISO container size limitation.
The number of containers needed varies depending upon the technolegies employed. Most of
the packaged plants could be housed in from one to three containers. The ORD does not
currently limit the number of containers. This factor may become more important when
deployability cubage and/or ISO container limitations are determined.

® Power Consumption. Packaged plants all have power requirements. The
Mobility Technology Center-Belvoir market survey determined the power requirement ranged
from 1.6 Kw to 51 Kw with an average of 15 Kw. Power is essential for continuous operations.

® Operational Environment. Packaged plants can operate within the ORD
specified temperature range. The majority of biological responses to the Mobility Technology
Center-Belvoir market survey stated they would have problems with extremely high temperatures
(above 120° F), or with cleaning chemicals, chlorine, and extreme pH levels. They are also
sensitive to extreme high and low flow and loading rates. Other treatment processes are not
affected by these parameters.

® Maintainability and Logistical Supportability. If the packaged plant is type
classified it will be supported by the standard Army logistics system. If type classified,
contingency, or simply purchased and put into operational project stocks, it will require a repair
parts overpack and/or contractor support maintenance. The packaged plants require a trained
operator to be present from two to eight hours per day. One week’s training would be
necessary. A back up problem identification/ resolution procedure would be recommended due
to the importance of maintaining continuous operation. The low number of systems to be bought
make assignment of an Additional Skill Identifier (ASI) preferable to creation of a new Military
Occupational Specialty (MOS).

®  Transportability. = Packaged plants can achieve the ISO container
transportability requirement. No packaged plant has been identified that is already fielded in
ISO container; therefore, some modest development work would be needed to configure
packaged plants to ISO container size.

® NBC Operations. Packaged plants should be able to meet contamination
survivability and decontamination standards when packed in ISO containers. Difficulty in
meeting these standards will be encountered after the packaged plant is opened and put into
operation.

® Manpower. An operator will be required for thc packaged plant. On site
operation and maintenance oversight will be required from two to eight hours per day depending
on the packaged plant selected. A one week training program should suffice for the operator.
Assignment of an ASI should be considered instead of creation of an MOS.
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2.2.4 Qxidation Ponds/ Sewage Lagcons
2.24.1 Discussion

Oxidation ponds and sewage lagoons are used interchangeably in
most references on the subject. The current edition of the Sewerage Field Manual, FM 5-163,
recognizes that theater of operation situations such as those anticipated for Force Provider
require that engineer works be constructed with the least possible utilization of time, manpower,
equipment and material. It recommends sewage lagoons as the best general solution to the
problem of wastewater treatment for these operational situations.

"The sewage lagoon, applicable in all but extreme arctic regions, provides an ideal
solution to the sewage treatment problem as it gives excellent primary and
secondary sewage treatment with an absolute minimum of construction effort.

(1) Primary treatment is accomplished by settling and anaerobic digestion.
Secondary treatment is accomplished by aerobic digestion.

(2) Sludge accumnulates at a very slow rate allowing many years of efficient
service from the lagoon without an appreciable reduction in capacity. Sewage
lagoon effluent, as is the case with the effluent from conventional sewage treatment
plaats, is not necessarily free of pathogenic organisms and may require additional
treatment.” (pages 2-14 and 2-15, FM 5-163)

The sewage lagoon would be constructed near the Force Provider module
by an Engineer Combat Heavy Company or by a contractor. Techniques for constructing such
a pond are well known and are well within the capability of Army engineer units. The Army
Facilities Components System, AFCS, has standard drawings and bills of materials for various
sized sewage lagoons in Technical Manuals 5-302 and 5-303 respectively. The requirements for
such facilities have been anticipated for theater construction and the engineer units to perform
this work are already in the existing Army force structure.

2.2.4.2 Ability To Meet Performance Objectives

® Wastewater Treatment Capacity. Oxidation Ponds/Sewage Lagoons can be
built to what ever size necessary to accommodate the Ferce Provider sewage load.

® Effluent Quality. Oxidation Ponds/Sewage Lagoons can meet the ORD quality
requirements. The size of the pond can determine the retention time for sewage and therefore
the level of treatment. Typical BOD reductions vary from 75 to 80 percent.

® Weight. Most of the materials for Oxidation Ponds/ Sewage Lagoons can be

obtained locally (gravel and fence posts). Only the chlorination equipment would require
shipment as part of Force Provider. It could be accommodated in less than one container.
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® Size. The material for the Oxidation Pond/Sewage Lagoon can be packed into
ISO containers. Much of it does not have to be Force Provider specific since it already provided
for as a standard Army facilities component.

® Power Consumption. There are no power requirements for Oxidation Ponds/
Sewage Lagoons.

® Operational Environment. Oxidation Ponds/ Sewage Lagoons depend upon
biological processes. They will operate in the temperature ranges listed in the ORD. They are
less susceptible to damage from high or low loading or from extreme high temperatures (above
120° F), chlorine, cleaning chemicals, or pH variations.

¢ Maintainability and Logistical Supportability. The Class IV materials for
Oxidation Ponds/ Sewage Lagoons are already in the Army supply system. Once consiucted
by Engineer units or contractors, there is little maintenance or attention required. No additional
training for engineer units is necessary.

® Transportability. The components for Oxidation Ponds/ Sewage Lagoons are
easily transportable. The Engineer units to construct the facility are in the force structure and
already designated to perform this task.

® NBC Operations. Oxidation Ponds/ Sewage Lagoons are not greatly
susceptible to contamination. Only the destruction of all biological life in the pond/lagoon would
detrimentally affect their operation. Consequently this is not a significant issue.

® Manpower. No specific MOS or ASI is required. The Oxidation Pond/
Sewage Lagoon must be periodically inspected to insure it retains the wastewater and that any
effluent is meeting the discharge standards.

2.2.5 Field Sanitation Approach
2.2.5.1 Discussion

The Field Sanitation Approach becomes the default method of
handling wastewater in the event that no other system is provided. Standard field sanitation
techniques are described in FM 21-10 and FM 21-10-1. They include the use of either pit
latrines cor burn-out latrines for the human wastes and a soakage pit for the kitchen. The volume
of wastewater from shower and laundry facilities would be allowed to flow downhill and to
either infiltrate the soil or run off. The Field Sanitation Approach is intended for small,
company-sized units which move frequently, not for bartalion-sized units like Force Provider,
which may remain in place for extended periods. With no treatment of the effluent other than
adding lime and covering the pits, the Field Sanitation Approach is for expediency only and does
not comply with the environmental standards required of Force Provider.
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® Wastewater Treatment Capacity. The Field Sanitation Approach is
unsatisfactory for handling the volume of Force Provider wastewater. Much of the wastewater
would need to be dumped directly on the ground.

® Effluent Quality. The Field Sanitation Procedure provides no treatment
and cannot achieve the required effluent quality.

® Weight. There is no additional weight for the Field Sanitation
Procedure. TOE tools are sufficient.

® Size. Not applicable to the Field Sanitation Approach.

® Power Consumption. There are no power requirements for the Field
Sanitation Approach other than fuel for burn-out latrines.

® Operational Environment. The Field Sanitation Approach would work
in the required Force Provider environment.

® Maintainability and Logistical Supportability. There are no additional
requirements for the Field Sanitation Approach. The basics of field sanitation are currently
taught to soldiers in basic and advance skill training. '

® Transportability. Not an issue for the Field Sanitation Approach.
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® NBC Operations. The Field Sanitation Approach is not affected by

NBC operations.

® Manpower. No additional manpower or training is required t2 use the
Field Sanitation Approach. Work would be done by individual soldiers, details, or potentially
contracts.

2-11




SECTION 3

ANALYSIS OF ALTERNATIVES

3.1 MODELS

3.1.1 Geperal

No combat or battlefield simulation models were used in this Best Technical
Approach (BTA) Analysis. However, as originally outlined in the Management Approach/Study
Plan dated 26 April 1994 and 31 May 1994 Interim Report, a decision analysis support software
package entitled Expert Choice ™, Version 8.0 was employed in the evaluation of each of the
candidate approach characteristics with regard to cost, performance, and schedule parameters.

The treatment of wastewater is identified as a pre-planned product improvement
(P°I) to the Force Provider system. Since precise wastewater treatment requirements are not
described in suitable detail in the Force Provider Operational Requirements Document (ORD),
the required capabilities indicated in the Mission Needs Statement (MNS) for the Mobile
Wastewater Treatment Plant were used as a starting point to derive typical features and
characteristics. For easy reference, these documents are located at Appendices A and B,
respectively. Relative performance of each approach against these characteristics forms the basis
for the Best Technical Approach (BTA).

3.1.2 Analytical Hierarchy Process (AHP) apd Expert Choice ™

The methodology used in the evaluation of various technical approaches in this
study effort was based on the Analytical Hierarchy Process (AHP). The AHP is a decision
theory that was developed at the Wharton School of Business by Dr. Thomas L. Saaty as a
means to define, organize, and resolve complex questions involving multiple criteria of varying
significance or importance. It is, in principle, a mathematical model which relies on the
mechanics of pairwise comparisons, direct data input, and matrix algebra. The process permits
a logical and systematic evaluation of each proposed approach with respect to each other over
the full range of criteria. In addition, the process facilitates in-depth sensitivity analyses of any
of the avaluation criteria and their impacts on the final selection.

Commercially available computerized AHP decision support software designed
by Dr. Emnest H. Forman, specifically Expert Choice™, was used as a primary tool in evaluating
the approaches in the BTA analysis.
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3.2 OPERATIONAL REQUIREMENT ANALYSIS

3.2.1 General

A logic hierarchy or decision tree description of the Capabilities Required serves
as the core of the evaluation process. The hierarchy for the Force Provider Wastewater
Management System (FPWWMX) was derived indirectly from the paragraphs of the Mission
Needs Statement as supplemented by knowledge or experience of the analysts in defense
acquisition and wastewater management. Major decision criteria include the traditional program
management factors of Cost, Performance, and Schedule are shown in Figure 3-1.

Cost Performance Schedule
Decision Cost Deployability Initial Oper Capability
Cost Risk Operations Schedule Risk
Supportability
Performance Risk

Figure 3-1 Major Evaluation Criteria

Within these general criteria, improved resolution is obtained using subordinate
criteria consisting of decision costs, derloyability considerations, operational attributes,
supportaility traits, duration until Initial Operational Capability I0C), and risk elements.
These subcriteria parallel capabilities or constraints reflected in the MNS. Further breakdown
of subcriteria is also incorporated in the hierarchy to insure that specific operational and support
issues are adequately addressed for each approach. The development of decision costs to the
appropriation and cost element level are presented in detail in Section 3.3.

Since the relative importance of each criteria with respect to each other is not
necessarily equal, a series of pairwise comparisons were performed to assess the relative
significance of one criteria versus another. Individual comparisons are synthesized in the
decision software into an overall ratio scale representation of significance/importance of those
factors. Results of the synthesis are expressed as criteria weights. Any inconsistencies in the
pairwise comparison process reflected as an "inconsistency (IC) index” were resolved to insure
that the IC was below the recommended level of 0.1.

The initial strawman hierarchy was developed internally by a team of BRTRC
analysts and presented at the 1 June 1994 In-Process Review for review and comment. This
strawman was adjusted as necessary to reflect input from the IPR attendees. The final hierarchy
structure was coordinated with the project sponsor, the U.S. Army Quartermaster Center and
School (USAQMCS), the Natick RDE Center, and other interested agency representatives.
Appendix C presents a detailed summary of the final individual pairwise comparisons. The
resultant hierarchy including criteria weightings is depicted in Figure 3-2.
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Input data for this evaluation was derived from market data, field manuals,
technical publications, relevant textbooks, and state and federal water quality and wastewater
management regulations. Detailed cost breakdowns are found in Section 3.3 and in the
appendices. Engineering judgment was used to supplement data where necessary to fill gaps.
Figure 3-3 presents a summary of characteristics for each approach considered in this portion

of the analysis.

COLLECT & PACKAGED FIELD OXIDATION
HAUL PLANT SANITATION POND
cosT
RDT&E $329M $3.53M $0.0M $042M
Procurement $848M $478 M $0.0M $024M
O&M $35.84 M $3.84 M $132M $431 M
Cost Risk Low Moderate Low Low
SCHEDULE
10C 4 years 6 years < 1 year 2 years
Schedule Risk Low Moderate Low Low
PERFORMANCE (One 550 soldier FP Module)
#ISO Container 11-13 (equiv) 3-8 0-1 1-2
Est. Weight 57.5 tons 10.0 tons 0.25 tons 0.50 tons
Area Required 0.25 acres 0.25 acres 0.40 acres 5.5 acres
Local Plant Strong None None None
Dependency
Flexibility Low High Very Low Moderate
Capacity 28-40K gpd 25-30K gpd 2750 gpd 38-42K gpd
Site Prep 16 hours 24 hours 40 hours 76 hours
Set-Up 16 hours 4-24 hours 16 hours 8 hours
Full Operation 8 hours 24-72 hours 8 hours 8 hours
Tear Down 48 hours 8-60 hours 24 hours 4 hours

34

Figure 3-3 Comparison of Approach Characteristics




COLLECT & PACKAGED FIELD OXIDATION
HAUL PLANT SANITATION POND
PERFORMANCE (continued)
Effluent > 95% BOD 80-85% BOD < 10% BOD 75-85% BOD
Quality reduction reduction reduction reduction
Sludge Low Low Low to Low to
Quantity Moderate Moderate
Supply Support Medium Low Very Low Very Low
Maintenance High Low Moderate Very Low
Requirements
Engineer Low Very Low Moderate High
Support
Transportation High Moderate None None
Support
Crew Size 5 1 4-6 <1
Training Low Moderate Very Low Very Low
Required

Figure 3-3 (Continued) Comparison of Approach Characteristics

Prior market investigation data regarding the availability of Packaged Wastewater
Treatment Plants revealed a wide range of system types, configurations, and treatment processes.
For the purpuses of this approach analysis, typical values were selected to represent a composite
of systems rather than a particular plant. Itis recognized that packaged plants can be produced
with higher capacities approaching 50,000 gallons per day. Further, this capacity can be
expanded by using individual plants in tandem. However, many (if not most) of the
manufacturers responding to the market survey reported plants in the 25,000 to 30,000 gpd
range. Other options are also expandable; but have been sized and costed to meet the estimated
daily flow rates of Force Provider.

Similarly, there was a wide variance in packaged plant parameters of set-up, tear-
down, weight, number of ISO containers required, and so on. Again, representative values were
selected for these parameters.

The comparison of each of the approaches against all of the criteria presented in
Figure 3-2 forms the basis of the analysis.




3.2.2 Analysis of Alternatives versus Evaluation Hierarchv

Figure 34 presents the results of the overall analysis. Comparisons are provided
for each of the approaches in ratio scale where the combined total of each column for all
approaches totals one (subject to rounding error). Rankings of each approach within the criteria
category are shown in parentheses.

COST PERFORMANCE | SCHEDULE | OVERALL
(Rank) (Rank) (Rank) (Rank)
OXIDATION 217 358 .269 319
POND (2) &) @ §))
FIELD .664 .140 518 .289
SANITATION (1 4) ¢)) (2
PACKAGED .074 310 .089 238
PLANT (3) (2) “) 3
COLLECT .045 .193 124 .154
& HAUL 4) (3) 3) 4

Figure 3-4 Cost-Performance-Schedule Rankings of Approaches

The results in the figure above are presented in order according to their overall
ratio scale values. With respect to the combination of Cost, Performance, and Schedule criteria;
the Oxidation Pond approach ranks as the number 1 choice. The Oxidation Pond option reflects
the highest overall ranking with a composite value of .319 or nearly 10 percent better overall
than the Field Sanitation (#2) approach. Use of the Oxidation Pond is also 34 percent better
than the Packaged Plant (#3) and more than 100 percent better than the Collect and Haul
approach (#4). A more detailed examination of each of the major criteria provides valuable
insight into the advantages and disadvantages of each approach.

From a cost only perspective, Field Sanitation provides the cheapest solution. Its
ratio scale value of .664 reflects a 3:1 preference over the #2 Oxidation Pond. Similarly, the
Oxidation Pond is uearly a 3:1 cost favorite over the Packaged Plant. The most costly of the
approaches is the Collect and Haul option. Specific details of Decision Cost Estimates (DCE)
are presented in greater detail in Section 3.3 and 3.4,

However, when performance alone is considered, the Oxidation Pond approach
demonstrates the best characteristics. The Packaged Plant option ranks second at just 15% lower
than the Pond. The Collect and Haul technique and the use of Field Sanitation measures both
fall substantially below either of the top two approaches with regard to performance. The
performance of the Oxidation Pond is favored by a margin of 2:1 over Collect and Haul and
almost 3:1 over Field Sanitation measures.
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Schedule was the third major criteria considered. Within this element, Field
Sanitation provides the solution which can be implemented most quickly since it involves no
development or procurement actions. From a schedule viewpoint, Field Sanitation is preferred
2:1 over Oxidation Ponds. In turn, the Oxidation Pond is favored 2:1 over Collect and Haul.
The Ccllect and Haul alternative is about 40% better than the Packaged Plant with respect to
schedule criteria.

Figure 3-5 depicts these results in graphical form. When shown in this manner,
it is quite simple to assess the strong and weak points of each of the approaches. The Oxidation
Pond displays the highest combined value by virtue of its strong performance coupled with
satisfactory cost and schedule attributes. The tradeoff of lower cost and better schedule factors
for Field Sanitation manifests itself in the lowest performance of the approaches considered.
Overall performance of the Packaged Plant approximates that of the Oxidation Pond; but with
less desirable cost and schedule traits. The Collect and Haul approach fails to offer any
substantive benefit in any of the major criteria and, thus, ranks well below the other options.

Approaches vs. Cost - Performance - Schedule

- L F 3 ]
0.35 -
e
carreRia

PERPORMANCE

02 [ ] someons

0.18 -

0.1
Cost Value represents
irverss Cost

0.08 Le, High Cost = Low Vaiue

% .

FIELD SANIT
gt

0 '
COLL & HAUL OXID POND

Figure 3-5 Graphic Portrayal of Cost-Performance-Schedule Evaluations

Performance is normally a primary issue in the ultimate selection of the system
or approach best able to meet the stated requirement. For this reason, a more in-depth analysis
of the subordinate performance criteria can provide additional information valuable to the
selection process. The following sections discuss the various criteria in greater depth.
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3.2.3 Major Performance Elements of the FPWWMX Hierarchy

In order to obtain a more accurate representation of performance regarding each
of the approaches, it is necessary to look at individual elements within the hierarchy. Four
major performance subcriteria at the third level of the hierarchy comprise nearly 70 percent of
the overall evaluation. The major elements of performance as defined in the hierarchy are:
deployability (6.9%), operational characteristics (33.7%), performance risk (17.4%), and
supportability (11.1%). A closer examination of these criteria is necessary to afford a more
comprehensive evaluation of each of the approaches.

3.2.3.1 System Performance. Figure 3-6 displays relative performance of each
of the approaches based on the four factors noted above.

Approaches vs, Performance
Pratarmras Auly Susin Vet
0.4+

0.35

0.2% 4
024
0.15 4

0.1 1

0.06

7

COLL & HAUL OXID POND

Figure 3-6 Graphic Portrayal of Performance Evaluations

From a strictly performance perspective, the Oxidation Pond reveals the
highest overail performance. The Packaged Plant ranks second and slightly below the Pond.
The remaining approaches fall significantly below either of the top two choices.

The performance of the Oxidation Pond fares well in nearly every
category. It yields the best characteristics of any aporoach in performance risk and in
supportability. The actual treatment process involved is well understood and with the exception
of the effort required to construct the pond itseif -- it requires little or no maintenance. The
Pond competes favorable in both operational and deployment criteria.
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The Packaged Plant’s major advantage is in operational features.
Operationally, it is the best approach. However, it is somewhat more limited than the Oxidation
Pond in support and performance risk. The Plant is significantly more restrictive for deployment
than either the Oxidation Pond or Field Sanitation.

The Collect and Hau! approach compares favorably with the top ranked
systems in an operational sense. However, it is the least deployable of the approaches
considered and it is also the most difficult to support due to the number of trucks required.

The principal advantage of the Field Sanitation approach is in
deployability. This approach requirss little or no deployment effort since on site materials
provide the bulk of the treatment required. Operationally, however, this approach cannot meet
effluent standards and its use is restricted in many areas. Thus, the small operational
contribution to the overall performance score. Use of Field Sanitation measures is considered
to be a higher performance risk becauss the use of seepage pits is highly dependent on soil
characteristics at the site. These methods were principally intended to dispose of 200 gpd or less
over short durations. In Force Provider, higher flows and longer encampments are liksly.

3.2.3.2 Operational Criteria. At the fourth level of the evaluation hierarchy,
operational considerations are composed of four sub-criteria including restrictions in the use of
the approach (12.9%), capacity (5.8%), time and effort required for various stages of operations
(2.4%), and the ability to meet wastewater standards (12.6%). Figure 3-7 displays the relative
rankings of the approaches considering these factors.

Approaches vs. Operational Factors

Cypwatwal Auts S vebn
0.4,
0.8
03/
29
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024
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COLL & HAUL OXID POND

Figure 3-7 Graphic Portrayal of Operational Evaluations
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From an operational viewpoint, the Packaged Plant ranks as the best
approach. The Oxidation Pond ranks second operationally and is about 22 percent below the
Plant. The Collect and Haul approach ranks third and is 30 percent below the Plant. The Field
Sanitation option rates significantly below any of the other approaches.

The most notable aspect of the Packaged Plant is that it is the least
restrictive of the approaches considered. It does not require a large area for set-up; nor does
it rely on the availability of nearby treatment facilities or host nation support. The principal
advantage of the Plant is in its employment flexibility regardiess of site specific condition or
wastewater regulatory guidelines. The Packaged Plant’s rating in capacity, time, and standards
is comparable to that of the Oxidation Pond and the Collect and Haul approach.

The Oxidation Pond and the Collect and Haul approach are nearly identical
in many operational criteria. However, the Oxidation Pond offers slight advantage over Collect
and Haul in the areas of restrictions and standards. Use of the Oxidation Pond is considered to
be less operationally restrictive as long as sufficient area is available to construct the pond.
Considering the fact that the basic Force Provider module requires an estimated 18-20 acres, the
addition of 5 acres for construction of the Oxidation Pond may not create ar insurmountable
problem. The Collect and Haul approach, however, can only be used in permissive situations
where local treatment facilities are located within a reasonable round trip haul distance. In
addition, sludge which is produced at the host plant must be processed. No additional
processing is required for the Pond.

The Field Sanitation approach is the least preferred option as reflected by
its fourth place ranking in operational criteria. This approach cannot meet secondary wastewater
treatment standards and is technically a field disposal method rather than a true treatment
process. Use of Field Sanitation cannot coizrete with the other approaches with regard to
capacity or standards and is the most restrictive of the approaches because of limitations on its
use. The only operational feature where Field Sanitation provides comparable level of
performance is in the time criteria.

3.2.4 Sensitivity Analysis

Appendix G consists of a series of charts and graphs which capture the sensitivity
of adjustments in the weights of the criteria of the Force Provider Wastewater Management
Evaluation hierarchy. All comparisons are presented in ratio scale.

A series of four different types of charts or diagrams are included in this analysis.
Each type requires a brief explanation:

L] Barcharts. The barchart presents criteria weights on the left and resultant
ratio scale vafues for each of the alternatives on the right. The first barchart shown within a
series reflects the results at the initial criteria weightings. Subsequent charts examine the impact
of varying individual criteria weights.




* l

o Performance Ilustrations. These illustrations depict criteria along the
horizontal axis. The length of the vertical bar above a criteria indicates its weight which can
be read from the left hand scale. Ratio scale values for each approach can be determined for
each criteria from the right hand scale. The intersection of the criteria line with each of the
approaches reveals their relative rankings for that measure of effectiveness. Combined or
overall values for those criteria are shown in the far right column.

® 2-dimensional plots. These piots are used to compare two criteria
simultaneously. Axes are labeled in ratio scale. In general, the more preferable characteristics
would result in a plot in the upper right quadrant. Less preferable alternatives appear in the
lower left quadrant. Tradeoffs are identified in the remaining sections.

L Gradient diagrams. These diagrams show the rankings of the approaches
in ratio scale as the weighting or priority of a given criteria is altered. The vertical line
indicates the baseline weight from Figure 3-2. The impact of varying the weight of the criteria
can be deduced from the relative positions of the approach lines at the adjusted weight.

3.2.5 Summary Results of the Analytical Hierarchy Analysis

The Oxidation Pond is ranked as the number one selection when Cost-
Performance-Schedule criteria are considered. The increased cost of the Pond over Field
Sanitation methods is more than offset by its excellent performance characteristics.

Field Sanitation affords the cheapest and quickest approach and is ranked second
overall. However, this approach fails to provide the operational and performance required to
meet the required secondary wastewater treatment standards necessary to support Force
Provider. Use of Field Sanitation methods involving burnout latrines and seepage pits are no
longer permitted in many areas. Further, those methods are generally only applicable at the
company or battery level and are not designed to handle large volumes of wastewater for
extended periods. Other approaches provide better performance and operational features.

The Packaged Plant rates third overall. While its performance features compare
closely with the Oxidation Pond, the cost and schedule impacts associated with the Packaged
Plant are its major disadvantages. It does, however, offer better operational characteristics by
way of increased flexibility and reduced restrictions in the use of the system.

The Collect and Haul approach ranks fourth primarily due to its high cost,
increased support requirements, and lower overall deployability. This approach is also limited
by the restrictive nature of having local disposal plants within a reasonable distance. This
reliance on host facilities places limits on where and when it car be used efficiently.
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33 COSTs )

3.3.1 eral Methodolo

The cost analysis for this Best Technical Approach was conducted in accordance
with the guidance set forth in the DoD 5000 series Directives ard Instructions, the Training and

Doctrine Cecmmand (TRADOC) Pamphlet 11-8 (Draft), and other applicable references. In
particular, the cost analysis utilized the concept of Decision Cost developed in that TRADOC

publication. The general methodology consisted of the following steps:

(1) A determination was made of the decision costs associated with selection of each
of the three approaches. Decision cost categories include both dollar costs and

non-dollar costs.

(2) A comparison of the decision costs for each approach was performed.
(3)  Trade-off, sensitivity, and uncertainty analyses were conducted.

(4)  Integration of the cost analysis results with operational effectiveness analyses
results was performed.

) The Decision Cost Estimates were submitted to the Belvoir Cost Analysis Office
on May 25,1994, for validation. .As of July 7, 1994, they had not yet been
validated.

3.3.2 Dollar Decision Costs

3.3.2.1 Development of Dollar Decision Costs
3.3.2.1.1 eneral

)] All costs were estimated in thousands of FY
1995 Constant Dollars and converted into Current Dollars using Inflation Guidance from Memo,
Headquarters, Army Materiel Command (AMCRM-CE), dated 7 February 1994.

2 All costs through 1994 were considered Sunk
Costs and excluded from the Decision Cost Estimates.

3) In accordance with Draft TRADOC Pamphlet
11-8, Para 3-3.c.1 (page 25), Military Personnci Costs (Cost Category 4.0) were excluded from
Decision Costs, although they would be included in a Baseline Ccst Estimate (BCE) or Total

Life Cycle Cost Estimate (TLCCE).
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(4)  The basic cost estimates for all approaches
assumed a modified NDI acquisition strategy leading to type classification. In the Trade-Off
Analysis (Section 3.5), the following two alternative acquisition strategies were also evaluated:

o Modified NDI leading to operational stocks

L Service Contract

3.3.2.1.2 lect and Haul Awa ac

This approach will collect and haul away the
wastewater (both black water and gray water) from Force Provider. It assumes that the host
nation or supported agency provides a treatment plant or other acceptable disposal site to which
the wastewater can be hauled.

The Operational Requirements Document for the
Force Provider plans Initial Procurement for FY 1995 and Initial Operational Capability (I0C)
in FY 1996. The Wastewater Treatment System is identified as a Preplanned Product
Improvement (P3I) but should follow the Force Provider with minimum delay. Consequently,
this Decision Cost Estimate assumes a modified NDI Acquisition Strategy for the tank trucks
required with a Milestone I/II in FY 1995, an abbreviated EMD leading to Milestone III and low
rate production in FY 1997, Manufacture in FY 1998 through FY 2000, and Fielding in FY
1999 through FY 2001. This is a compressed schedule.

The number of trucks required was estimated as

follows:

Force Provider estimates 48 gpd per person * 550 = 26,400 gpd.

Standard state planning factor (<600 population) = 70 gpd * 550 = _.,,00 gpd.

Both 5000 gal and 1000 gal tankers were considered. The 1000 gal tankers were selected
for costing purposed because of their greater maneuverability.

Assuming 1000 gal tankers, = 26.4 to 38.5 tankers per day.

Assuming 1.5 hour round trip (15 min to load, 15 min to discharge, and 1 hour round
trip road time), this = 39.6 to 58.5 tanker-hours.

Assuming a 10-hour day, requirement is for 6 + 1 in reserve = 7 tankers for standard
state planning factors or 4 +1 = 5 for Force Provider planning factor.

The basic estimate uses the Force Provider planning factor but investigates the impact
of the standard planning factor as part of the sensitivity analysis.

Using the Force Provider planning factor, 5 * 36 = 180 trucks for all six Force Provider
companies.

A detailed summary of the Decision Cost Estimate
for the Collect and Haul Away Approach, showing the assumptions, all the Cost Elements, and
the breakdown of costs over the years is shown in Appendix D.
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3.3.2.1.3 Packaged Wastewater Treatment System

This approach provides a packaged wastewater
treatment system to support each module of Force Provider. (The specific plant would be
selected at a later stage of the acquisition process.)

As Section 3.3.2.1.1 indicated, the Operational
Requirements Document for the Force Provider plans Initial Procurement for FY 1995 and
Initial Operational Capability (I0C) in FY 1996. Although the Wastewater Treatraent System
is identified as a Preplanned Product Improvement (P3I), it should follow the Force Provider
with minimum delay. Consequently, this Decision Cost Estimate assumes a modified NDI
Acquisition Strategy with a Milestone /Il in FY 1996, an abbreviated EMD leading to Milestone
III at the end of FY 1997, Manufacture in FY 1998 and 1999, and Fielding in FY 2000. This
is a compressed schedule. The requirement is for one unit for each of the Force Provider
modules for a total of 36 units. The system is anticipated to have a useful life of 20 years.

Appendix E contains a detailed summary of the
Decision Cost Estimate for the Packaged Wastewater Treatment Plant, showing the assumptions,
all the Cost Elements, and the breakdown of costs over the years.

3.3.2.14 Oxidation Pond or Sewage Lagoon

This approach involves the construction of an
oxidation pond, stabilization pond, or sewage lagoon to support each module of Force Provider.

The technologies and methods for constructing
oxidation ponds are well known and generic blueprints are included in TM 5-302 Army Facilities
Component System. No complex Research and Development program is required.
Consequently, this Decision Cost Estimate assumes a relatively simple program including the
development of a package of detailed blueprints for an oxidation pond for a 550-man Force
Provider module and for all six modules deployed together and a modified NDI Acquisition
Strategy for chlorinators for treatment of the effluent from the oxidation pond if that is
necessary. (Investigation indicates that there are no suitable chlorinators in the Army supply
system.) The chlorinators would be acquired in FY 1996 to support the IOC of Force Provider.
The O&M costs for the construction of the oxidation ponds, excluding troop labor costs, are
estimated in Cost Element 5.12.

For further details, see the summary of the Decision
Cost Estimate for the Oxidation Pond or Sewage Treatment Lagoon in Appendix F.

3.3.2.1.5 Field Sanitation Approach

If none of the three approaches discussed above is
adopted, standard field sanitation techniques as described in FM 21-10 and FM 21-10-1 would
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have to be used. This approach would require using either pit latrines or burn-out latrines for
the human wastes and a soakage pit for the kitchen wastewater. In theory soakage pits should
also be dug to dispose of the water from the showers and laundry facilities. However, this is
not a practical solution for Force Provider, since a standard soakage pit can handle only about
200 gallons per day even in porous soil. Thus, to dispose of the gray water from one module
would require from 73 to 122 standard 4 by 4 pits. Consequently the shower and laundry water
would probably be allowed to run off into the nearest ravine. It should be noted that using these
standard field sanitation methods does not satisfy the NPDES requirements and is not authorized
in many areas. The field sanitation approaches are intended for small, company-sized units
which move frequently, not for battalion-sized units like Force Provider, which may remain in
place extended periods. Army doctrine for larger installations which remain in place for
extended periods calls for Theater of Operations Construction with Oxidation Ponds or Sewage
Lagoons.

Obviously there are no RDT&E or Procurement
Costs for the Field Sanitat*zn Approach. Under O&M Costs the work of digging the pit latrines
and seepage pits and operating the burn-out latrines would be performed by troop labor -- work
details from the Force krovider Company or the guest unit. Since military personnel costs are
excluded from Decision Costs, this is essentially a no cost approach. The only cost would be
that for a few gallons of diesel fuel and gasoline. Assuming 24 toilets per module, the POL
costs would be only $20.40 per module per day. Since there are costs for only one Cost
Element, a complete Decision Cost Estimate was not produced for this approach.

3.3.2.2 Comparison of Constant Dollar Decision Costs

Figure 3-8 presents a comparison of the Decision Costs of these
approaches in thousands of FY 1995 constant dollars. It should be noted that O&M costs for
all alternatives assume a 90-day deployment for each module each year for 20 years. In order
to simplify this presentation, only the most significant Cost Elements are listed in this figure.
Listings of all the Cost Elements for each Decision Cost Element, as well as breakouts over the
years, are included in Appendices D through F. In developing the Decision Costs, the analyst
carried calculations to eight significant figures for accuracy. In accordance with TRADOC
guidance, however, the costs in this figure have been rounded to four significant figures.
Because of this rounding, the numbers may not add to the totals shown.

3.3.2.3 Analysis of Constant Dollar Decision Costs
From Figure 3-8 it is clear that using Field Sanitation techniques
is the cheapest approach. Since costs for troop labor are excluded, the only costs are the costs
for POL, which amount to only $1.3 million over 20 years.

Constructing an oxidation poend or sewage lagoon has the lowest
Decision Cost of the other three approaches -- just under $5 million. RDT&E costs are low,
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COLLECT PACKAGED FIELD OXIDATION
AND PLANT SANITA- POND
HAUL AWAY TION

APPENDIX D E N/A F
1.0 RDT&E 3,287.0 3,532.0 0.0 419.2
1.01 2,229.0 2,234.0 0.0 208.9
Development
Engineering
2.0 PRO- 8,482.0 4,780.0 0.0 237.6
CUREMENT
2.021 Manufacturing 5,736.0 2,921.0 0.0 63.3
3.0 MIL 0.0 0.0 0.0 0.0
CONSTRUCTION
4.0 MIL 0.0 0.0 0.0 0.0
PERSONNEL
5.0 O&M (20 y1s @ 35,843.0 3,836.0 1,322.0 4,305.0
90 days/yr/module)
5.03 Depot Level 2,228.0 1,460.0 0.0 31.6
Reparables
5.04 Consumables 24,060.0 1,460.0 0.0 31.6
5.05 POL 5,791.0 715.4 1,322.0 0.0
5.061 Overhaul 2,868.0 0.0 0.0 0.0
5.12 Other: O&M 0.0 0.0 0.0 4,142.0
Costs for
Constructing Ponds
TOTALS 47,610.0 12,150.0 1,322.0 4,962.0

Figure 3-8 Dollar Decision Costs for NDI with Type Classification

(In Thousands of FY 1965 CONSTANT Dollars)
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since the program consists essentially of preparing a package of blueprints for a properly sized
oxidation pond and testing of NDI chlorinators. Procurement costs are also low and cover the
acquisition of a chlorinator for the effluent of the oxidation pond for each module. Similarly,
O & M costs are also quite low -- oxidation ponds rely primarily on solar energy. The largest
single cost element is 5.12, $4,141K, which includes the cost of the engineer effort (excluding
troop labor costs) to construct the pond in the theater of operations.

The most expensive alterrutive is the collect and haul away
approach, which costs about $42.7 million more than the oxidation ponds. Acquiring the 180
wastewater transport trucks required is quite expensive — almost $6 million for manufacturing
costs and over $8 million for total procurement costs. Operations and Maintenance costs,
however, are even more expensive. High repair parts, POL, and depot overhaul costs make
total O & M costs over $35 million.

The costs for the packaged wastewater treatment plant alternative
are much lower than those for the wastewater transport trucks. To be sure, development costs
are slightly higher, reflecting the cost of selecting among the alternative plants available.
Procurement costs are less than $5 million, and O & M costs only $3.8 million. It is much
cheaper to buy and operate packaged wastewater treatment plants than to buy and operate a fleet
of trucks. Total decision costs for the packaged plant alternative, $12.1 million, is about $35.5
million less than that for the collect and haul away alternative.

3.3.2.4 Current Dollar Decision Costs

Figure 3-9 presents a comparison of the Decision Costs of the three
alternatives in thousands of CURRENT dollars. Because of inflation, the figures are naturally
all considerably higher than those in constant dollars. Since the production and fielding
schedules for the alternatives are quite similar, however, changing to current dollars does not
change the ordinal comparison among them, although the dollar differences naturally increase.

3.3.3 Non-Dollar Decision Costs

3.3.3.1 Comparison_of Non-Degision Costs

Figure 3-10 presents a comparison of the Non-Dollar Decision
Costs of the alternatives.

3.3.3.2 Analysis of Non-Decision Costs

As the first row of Figure 3-10 indicates, the estimated deployment
weights of the different systems vary considerably. Aside from the Field Sanitation Approach,
the Oxidation Pond is the lightest. The only piece of equipment required is the chlorinator, and
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this weighs less than one half a ton. Packaged plants vary in weight, but a typical one weighs
about ten short tons. The five trucks per module for the Collect and Haul Away Approach make
this the heaviest alternative at 57.5 short tons.
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COLLECT PACKAGED FIELD OXIDATION
AND PLANT SANITA- POND
HAUL AWAY TION

APPENDIX D E N/A F
1.0 RDT&E 3,481.0 3,749.0 0.0 429.7
1.01 2,360.0 2,374.0 0.0 214.1
Development
Engineering
2.0 PRO- 9,883.0 5,514.0 0.0 255.3
CUREMENT
2.021 Manufacturing 6,777.0 3,478.0 0.0 69.1
3.0 MIL 0.0 0.0 0.0 0.0
CONSTRUCTION
4.0 MIL 0.0 0.0 0.0 0.0
PERSONNEL
5.0 O&M 58,120.0 6,255.0 2,156.0 6,237.0
5.03 Depot Level 3,615.0 2,381.0 0.0 45.8
Reparables
5.04 Consumables 39,040.0 2,381.0 0.0 45.8
5.05 POL 9,399.0 1,166.0 2,156.0 0.0
5.061 Overhaul 4,610.0 0.0 0.0 0.0
5.12 Other: O&M 0.0 0.0 0.0 6,000.0
Costs for
Constructing Ponds
TOTALS 71,480.0 15,520.0 2,156.0 6,922.0

Figure 3-9 Dollar Decision Costs for NDI with Type Classification

(In Thousands of CURRENT Dollars)

3-19




COLLECT | PACKAGED FIELD OXIDATION
AND PLANT SANITATION POND
HAUL
AWAY
Estimated
Deployment 5*11.5ST 10 ST 0.25 ST 0.5 ST
Weight (ST) = 57.5 ST (Material for
per Module Grease Traps)
Fuel 5*137.5 mi 24 hrs * 24 toilets *
Consumption *0.19 gal/mi | 0.62 gal/hr 1.25gal = 0
per module = 131 = 15 gal/day 30 gal/day
(Gal per day) gal/day
Engineer Effort Low Very Low Low High
Required (Road (Excavating (Seepage Pits (Construction
Construction for plant, constructed by of Pond)
and sewerage troop details)
Maintenance) lines)
Operating 5 1 Daily detail 1 (part time)
Personnel of 4-6.
Regquired
Limitations on Availability Not authorized in | Area for Pond
Employment of None mary areas (Approx 5.5
Treatment Acres)
Plant Real Estate
or Dump Site and Permits
Maintenance High Low Moderate Very Low
Requirements (Clean traps)
Reliability Low Mcoderate High Very High
(In porous soils)
Relocation High High Moderate Low, but
Requirements (Close pits) New Pond
Aesthetics Low High Very Low Moderate
Earliest )
Fielding FY 1999 FY 2000 Now FY 1996
Date

Figure 3-10 Non-Dollar Decision Costs per Module
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As might be expected, comparisons of fuel consumption parallel
those for weight. The Oxidation Pond requires no POL, and the generator for the Packaged
Plant (assumed 2 * 3 kw) requires only about 15 gallons of fuel per day. Similarly, the burn-out
latrines require about 30 gallons per day. The five trucks of the Ccllect and Haul Away
alternative, however, require about 131 gallons per day, assuming a 25-mile round trip haul.

The engineer effort required varies a great deal among the three
alternative approaches. Construction of seepage pits is the responsibility of the individual units,
not engineer units. The Packaged Wastewater Treatment Plant requires a relatively small
amount of engineer effort. Most of the plants investigated require some emplacement, and some
engineer work may be required for sewerage lines, but the total effort is very small. The
Collect and Haul Away approach will probably require a small effort on road construction and
a somewhat larger effort to maintain the roads used for transporting the wastewater.
Constructing the Oxidation Pond will require considerably more engineer effort. The
construction estimate prepared for the Decision Cost Estimate yielded a total of 190 dozer hours,
64.5 grader hours, and 46.2 sheepsfoot roller hours for a typical Oxidation Pond. To complete
the earthwork in about 30 hours would require about 6 dozers, 2 graders, and 2 rollers. Equally
important as the engineer effort required is the fact that the task would be added to the list of
engineer tasks for the area during the operation. How soon the construction task is done
depends on the engineer effort available and the priority assigned.

The Oxidation Pond must have a trained and knowledgeable
operator available, but he will not need to be on duty at the lagoon at all times. Similarly, an
operator must be available for the Packaged Plant, but not for 24 hours a day. Virginia state
regulations, for example, require a trained operator for such a plant to be on duty at least four
hours a day. The wastewater collection trucks, on the other hand, will require at least five
drivers for the trucks for each module.

As Section 3.3.2.1.2 indicated, the Collect and Haul Away
Approach can be used only when the host nation or supported agency can provide a treatment
plant or other acceptable disposal site within a reasonable distance of the Force Provider module.
Likewise, an oxidation pond or stabilization pond can be constructed only when sufficient area
(about 5.5 acres) is available near the module. Burn-out latrines and free discharge of shower
and laundry are not authorized in many areas, particularly in the U. S. Thus the Packaged
Wastewater Treatmept Plant is the only appreach which could be employed anywhere, without
restriction.

Maintenance requirements also vary considerably among the three
approaches. Those for the Oxidation Pond are very low. The only mechanical part of this
system is the chiorinator and it requires little maintenance. The Field Sanitation Approach does
not involve equipment, but it does require regular inspection and cleaning of the grease traps.
Most packaged plants have pumps and air compressors which need some repair, but maintenance
requirements will still te relatively low. The wastewater collection trucks, on the other hand,
will require much more maintenance -- particularly with the high annual mileage anticipated.
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An oxidation pond relies on natural biological treatment processes,
algae, and sunlight. Since there is little to go wrong, the process is very reliable. Most
packaged treatment plants use essentially the same processes in a coatrolled environment and are
also quite reliable. The Field Sanitation Approach is normally guite reliable, although some
soils can clog easily and block further seepage. The Collect and Haul Away Alternative is also
quite simple in theory. With so many trucks and drivers involved, however, some spillage is
likely, and accidents are always a possibility.

When anoverseas Force Provider deployment has finished, cleaning
the wastewater collection trucks and the packaged plant for return to CONUS would probably
require steam cleaning to meet the strict U. S. entry requirements. The oxidation pond, on the
other hand, would be left in place for the natural processes to complete the stabilization. The
Field Sanitation Approach would require that seepage pits and any pit latrines be closed and
properly marked.

As Section 3.3.3 indicated, The Operational Requirements
Document for the Force Provider plans Initial Procurement for FY 1995 and Initial Operational
Capability (I0C) in FY 1996. The Wastewater Treatment System is identified as a Preplanned
Product Improvement (P3I) but should follow the Force Provider with minimum delay. The
Field Sanitation Approach and the Oxidation Pond are the only approaches which can probably
meet the Force Provider schedule without difficulty. The earliest fielding date estimated for the
Collect and Haul Away Approach is FY 1999, and the Packaged Plant would probably be fielded
a year later. If it is possible to speed up these procurements, it would be expensive.

As this discussion indicates, these noa-doilar costs are not so easy
to quantify as dollar costs. Nevertheless, they need to be considered in selecting among the
alternative approaches.

3.4 TRADE-OFF ANALYSES

3.4.1 Cost Uncertainties

3.4.1.1 Acquisition Strategy

One area of uncertainty which affects the Decision Cost Estimates
of all approaches is the acquisition strategy adopted. As Section 3.3.2.1.1 indicated, the basic
cost estimates for all approaches assumed a modified NDI acquisition strategy leading to type
classification. In this Trade-Off Analysis, however, the following two alternative acquisition
strategies were 2iso evaluated:

. Modified NDI leading to operational stocks

L Service Contract
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In general, an acquisition strategy leading to operational stocks can
be expected to reduce RDT&E Costs slightly. Less extensive testing requirements should reduce
Testing costs, and the elimination of some acquisition documentation should reduce Development
Engineering costs. Manufacturing costs, the principal component of Pro.urement costs, would
be unchanged, but second destip=tion shipping costs would be eliminated, since the equipment
would remain at depot. This reduction in Procurement funds, however, would be offset by an
increase in O&M costs as the equipment is withdrawn from depot stocks for each deployment.
Since these Transportation costs would be spread across the operating years instead of being
concentrated in one or two fielding years, inflation would increase the current dollar cost of the
program.

A service contract can be either with Government Furnished
Equipment (GFE) or with contractor furnished equipment. A service contract with Government
Fumnished Equipment appears to offer very little possibility of cost savings. RDT&E and
Procurement costs woulG remain about the same as for the NDI approach. O&M costs would
probably increase, because of the contractor’s overhead and profit requirements. Thus total
costs would probably increase. Consequently this alternative will not be further considered.

A service contract with contractor furnished equipment, however,
seems to offer more possibilities. Both RDT&E and Procurement costs would be virtually
eliminated. O&M costs per deployment would probably increase, because of the contractor’s
overhead and profit requirements. Thus if we assume the same number and frequency of
deployments as for the NDI approach, O&M costs would increase. If the planning estimates are
not correct, however, and all 36 Force Provider modules are never deployed at once, the service
contract could produce real savings -~ the contractor would be paid essentially for deployments.

3.4.1.2 Collect and Haul Away Approach

All estimates are by their nature uacertain, but the uncertainties in
this Best Technical Approach (BTA) are considerably greater in some areas than in others. In
addition to the uncertainties derived from the acquisition strategy discussed in Section 3.4.1.1,
several other uncertainties in the Decision Cost Estimate for the Collect and Haul Away
Approach should be noted. The RDT&E (Development) Costs were based on those for similar
programs. The analyst based estimates of the manufacturing cost on the current cost for a
specific 1000-gallon water tanker/distributor, LIN G28212, which was obtained from the PM
at TACOM. The number of trucks required, however, was based on the estimates discussed in
Section 3.3.2.1.2, which may not be correct. In particular, there is a large difference between
the estimate of 70 gal'ons per person per day found in envircnmental engineering texts and state
regulations and the 48 gallons per day stipulated for Force Provider. Estimates of replenishment
parts costs per mile, on the other hand, are based on data developed by the US Army Cost and
Economic Analysis Center (USA CEAC) from Sample Data Collection (SDC). POL Costs are
based on average fuel consumption for the 939 Series developed by the USA CEAC. The
principal area of uncertainty for the O&M costs is the average miles per year per truck, which
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was based on the assumptions on deployments and average haul distance discussed in Section
3.3.2.1.2

3.4.1.3 ackaged Wastewater atmen 1

Some of the uncertainties in the cost estimates for the Packaged
Wastewater Treatment System paralle] those for the Collect and Haul Away Approach. The
uncertainties resulting from the choice of an acquisition strategy affect both systems, although
the results are, of course, not precisely the same. Similarly, the RDT&E costs are based on the
same earlier systems, the 1500 GPH and the 3000 GPH Reverse Osmosis Water Purification
Units (ROWPU). The higher costs for the plant selection reflect the fact that the task of
selecting a plant is more complicated than mounting a suitable tank and pump on an existing
truck chassis. Manufacturing costs were based on those for a specific system, the 40 ISO STF
manufactured by Waterworks Technologies. If a different system is selected, costs could be
either higher or lower. Under O&M costs, depot level reparables and consumables were
estimated as a percentage of manufacturing cost. If a system with a different manufacturing cost
were selected, these estimates would also change. The estimates for POL costs were based on
the PU-625 power unit. The POL costs for hour for this unit are based on information collected
by the US Armmy Cost and Economic Analysis Center (USA CEAC) from Sample Data
Collection (SDC) and are probablv accurate. The average operating hours per year, however,
are based on the assumption that each Force Provider module will be deployed for an average
of 90 days each year. This assumption was used for all four approaches and hence provides a
valid basis for comparison, but it may turn out to be incorrect.

3.4.1.4 Oxidation Pond or Sewage Lagoon

The Decision Cost Estimates for the Oxidation Pond or Sewage
Lagoon probably have fewer uncertainties than the two alternatives discussed above --
particularly for RDT&E and Procurement Costs. During the RDT&E phase two tasks will be
accomplished. First, detailed blueprints will be developed for an oxidation pond for a 550-man
Force Provider Module and for all six modules deployed together. TM 5-302 Army Facility
Component Systems includes generic blueprints for oxidation ponds. Secondly an NDI
chlorinator will be selected for treatment of the effluent from the oxidation pond when such
treatment is needed. Both tasks are relatively simple. Although the cost estimates for them may
not be precisely correct, they are not likely to be far wrong. Procurement costs cover the costs
for acquiring a chlorinator and are based on an existing chlorinator manufactured by
Chlorination, Inc. which appears te be suitable. If a different chlorinator is selected, costs
would be slightly different. The O&M costs for depot level reparables and consumables were
estimated as a percentage of manufacturing cost. If a chlorinatcr with a different manufacturing
cost were selected, these estimates would also change. The largest cost element for the
Oxidaticn Pond, and the one with the most uncertainties, is 5.12, where the costs of constructing
the pond are captured. Standard environmental engineering rules were used to size the pond,
construction equipment production factors from FM 5-34 were used to ¢atermine the equipment
and hours required, and operating costs per hour were based on DA Sy stem Sustainment Cost
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Factors. However, unusual site conditions could cause considerable divergences from these
estimates.

3.4.15 ield Sanitati roa

Since the cost of troop labor is excluded from the Decision Cost
Estimates, the only significant cost included is for the POL used for the burn-out latrines. As
Section 3.2.2.1 indicated, 24 toilets were assumed per module. FM 21-10-1 estimates about 14
gallons of a mixture of gasoline and diesel oil per toilet per day, and this is probably quite
accurate. The assumption that each Force Provider module will be deployed for an average of
90 days a year was used for all approaches, but it may prove to be incorrect.

3.4.2 Sensitivity Analyses
3.4.2.1 General

In the sensitivity analyses the values of the input parameters in an
area of uncertainty identified above were varied one at a time. The purpose of these analyses
was to determine whether the outputs are sensitive to the input changes, to bound the estimates,
and to highlight the cost drivers. This section reports the results of these analyses. Since
changing the acquisition strategy can have effects across the entire Decision Cost Analysis, this
portion of the analysis is presented separately from changes in the other assumptions and
variables.

3.42.2 Alternative Acquisition Strategies

3.4.2.2.1 Collect and Haul Away Approach

As Section 3.4.1.1 indicated, changing the acquisition
strategy to a modified NDI leading to operational stocks would slightly reduce the RDT&E
(Development) Costs. Less extensive testing requirements should reduce Testing costs, and the
elimination of some acquisition documentation should reduce Development Engineering costs.
in this case, however, the wastewater collection tank and pump will be mounted on a standard
5-ton truck chassis. Since the truck itself has already been tested and type classified, the
reduction in cost for these two cost elements is estimated at only 10%. This would raduce Cost
Element 1.01 Development Engineering to $1,786K and 1.06 System Test and Evaluation to
$106K. These two changes would reduce 1.0 RDT&E to $2,832K. Changing to a service
contract, on the other hand, would eliminate ali RDT&E costs.

With regard to Procurement Costs, changing to
operational stocks would leave Manufacturing Costs unchanged, and second destination shipping
costs, $482.5K, would be eliminated, since the equipment would remain at depot. This
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reduction in Procurement funds, however, would be offset by an increase in O&M costs as the
equipment is withdrawn from depot stocks for each deployment. Thus 2.0 Procurement would
decrease by $482.5K and 5.0 O&M would increase by the same amount in constant dollars.
Changing to a service contract, on the other hand, would eliminate all Procuremen: costs, since
the contractor would be required to furnish the wastewater transport trucks.

Except for the second destination shipping costs
discussed above, changing to operational stocks should not change O&M costs. Storing the
equipment at a central location rather than at the location of the Army Reserve Force Provider
Companies would probably have a negative effect on training, but it should not affect costs.

Changing to a service contract, however, would
produce large changes. The contract would have to cover the contractor’s cost both of acquiring
and operating the wastewater collection trucks. The contractor could probably purchase the
trucks at about the same cost as the Army. For operating costs, however, the contractor’s costs
would be increased by the cost of money (interest) for the initial investment, the wages of the
drivers and other personnel, (military personne! costs were not included in the DCE), and
allowances for risk and profit. The costs of transporting the contractor’s equipment to the site
would be roughly the same as those for transporting the same equipment owned by the Army.
Hence these costs are excluded from the analysis. Consequently the costs for a service contract

for the Collect and Haul Approach for 20 years with the deplovment assumptions urichanged are

estimated at about $51 million.

For the special case of operations in the U. S. at a
location where commercial septic tank service is available, some additional data are available.
The Force Provider PM indicates that during the operational test at Fort Bragg, N. C., 20,000
gallons of wastewater a day were collected and hauled to the Ft. Bragg treatment plant for 15
days for a total contract cost of $14K (FY933). For 36 deployments of 90 days each this would
cost about $14/0.94990 * 6 *36 *20 = $63.7 million (FY958). This is the same order of
magnitude as the $51 million estimated above for a single contractor

34222 Packaged Wastewater Treatment System

Selecting the acquisition strategy of a modified NDI
leading to operational stocks would also reduce the RDT&E Costs for the Packaged Wastewater
Treatment System. Less extensive testing requirements should reduce Testing costs, and tne
elimination of some acquisition documentation should reduce Development Engineering costs.
This development program is more extensive than that for the Wastewater Transport Vehicle,
since it involves selecting and testing two alternative NDI systems. Consequently the reduction
in cost for these two cost elements is estimated at 20%. This would reduce Cost Element 1.01
Development Engineering to $1.787K and 1.06 System Test and Evaluation to $194K. These
two changes would reduce 1.0 RDT&E to $6,390K. Changing to a service contract, of course,
would eliminate all RDT&E costs.
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An acquisition strategy leading to operational stocks
would leave the Manufacturing Costs of the Packaged Plant approach unchanged but would move
second destination shipping costs, $59.9K, from Procurement to O&M. Thus 2.0 Procurement
would decrease to $4,720K, an