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Abstract  

The necessity for affordable, turnkey, portable wastewater treatment solu-
tions spans the Department of Defense’s (DoD) numerous mission areas, 
from stability operations to disaster relief. Several methods of portable 
wastewater treatment for small units (600–1000 personnel) exist within 
the DoD and in commercial contexts. They are at various technology read-
iness levels (TRL) and have differing engineering parameters tailored to 
the intended environments and uses. ERDC developed a comprehensive 
evaluation plan for small unit level wastewater treatment systems intend-
ed for use by the DoD and used the plan to evaluate one available system—
the Water Phoenix—in a rapid, non-exhaustive study. The evaluation plan 
focused on three primary dimensions to develop a comprehensive assess-
ment of system capabilities and of compatibility with the various intended 
mission areas: system performance, operations and logistics considera-
tions, and strategic considerations. The Water Phoenix was evaluated 
against parameters in each dimension to quantify performance capabilities 
and to serve as a baseline for possible future TRL research and develop-
ment of the Water Phoenix or of other portable wastewater treatment and 
water reuse technologies. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

By request of the Rapid Equipping Force (REF) and the proposed Joint 
Capability Technology Demonstration for Expeditionary Water Reuse 
(JCTD-EWR), ERDC developed a comprehensive evaluation plan for small 
unit level wastewater treatment systems intended for use by the DoD. This 
evaluation plan focused on portable wastewater treatment at the small 
unit level (600–1000 personnel with some applicability to larger num-
bers). ERDC then used this generic plan to evaluate one available system 
in a rapid, non-exhaustive study—the Water Phoenix.  

To develop a comprehensive assessment of system capabilities and of 
compatibility with the various intended mission areas, the evaluation plan 
focused on three primary dimensions: operational performance, other op-
erational considerations, and strategic considerations. ERDC evaluated the 
Water Phoenix against parameters in each dimension to quantify perfor-
mance capabilities and to serve as a baseline for possible future TRL re-
search and development of the Water Phoenix or of other portable 
wastewater treatment and water reuse technologies and systems. 

Tables 2–6 summarize the key parameters for use in future evaluations of 
candidate portable wastewater technologies for DoD use; these parameters 
are divided among operational performance (concerned primarily with ef-
fluent quality and the system’s ability to process wastewater under a varie-
ty of conditions), other operational considerations (transportation and 
startup, operation and maintenance, and shutdown procedures and con-
siderations), and strategic considerations (size, weight, and power; safety; 
system complexity; cost; and scalability). 

ERDC evaluated the Water Phoenix in a rapid field test at the Base Camp 
Integration Laboratory (BCIL) at Ft. Devens, MA, over 2 weeks, during 
which various parameters under the generic test setup were successfully 
evaluated. Because of the unexpected lack of available wastewater at the 
BCIL during this time, the team did not have the opportunity to evaluate 
the primary operational performance parameters (effluent quality at 
steady-state wastewater treatment conditions, etc.). However, the team 
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was able to make a number of observations about the Water Phoenix using 
the evaluation criteria below. 

The key strengths of the Water Phoenix: 

• Modular and scalable to large flow rates. The current configuration is 
likely reliable at Force Provider Systems 600-Soldier base camp flow 
rates of 15,000–20,000 gal. per day (gpd) because the Water Phoenix 
is designed for up to 25,000 gpd with assumed steady flow rates. 

• System started up successfully even with higher than normal septic 
(anoxic) influent conditions.  

• Compatible packaging for transportation and durability requirements. 
• Low power usage and DoD compatibility (compatible with AMMPS 10 

kW generator). 
• Low activated sludge production (still needs to be tested over time) 

compared to similar systems requiring weekly sludge removal, de-
watering, or disposal. 

The key weaknesses of the Water Phoenix: 

• Weight (RTCH liftable, not 10,000-lb forklift) implies the Water Phoe-
nix is a Brigade (or higher) asset. 

• Shelf life of the startup cultures used to initially “start” the system fails 
baseline (requiring an estimate of the Research and Development 
[R&D] timeline and the scope of the effort to improve to baseline). 

• Overall system complexity fails baseline for DoD use (without contrac-
tor operation). 

• System health and performance monitoring is non-existent (requiring 
significant further R&D to provide a system with “green-amber-red” 
light, real-time status based on composite indicators monitored inter-
nally in an automated fashion). 

• System is not designed to perform optimally against the water reuse 
parameters. The design heavily favors reduced system total size to 
avoid the multiple stage process required for nitrification and de-
nitrification typically needed to lower nitrogen, ammonia, phosphorus, 
and oil and grease (the primary water reuse parameters).  

• The system has insufficient auto-controls to account for influent flow 
deviations (buffer tank system setup insufficient for larger deviations 
over time). Further development would be required for the system to 
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auto-adjust flow rates over time to accommodate both short and long-
term changes to wastewater flow rates. 
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1 Introduction 

1.1 Background 

The necessity for affordable, turnkey, portable wastewater treatment solu-
tions spans the DoD’s numerous mission areas, from stability operations 
to disaster relief. Consequently, three of the top ten Technology Enabled 
Capabilities Demonstrations (TECDs), which are a direct result of the 
Combatant Commands’ (COCOMs) Joint Urgent Operational Needs 
Statements (JUONS) and Integrated Priority Lists (IPLs), require portable 
wastewater treatment: Force Protection–Basing; Sustainability/Logistics–
Basing; and Sustainability/Logistics–Transport, Distribute, and Dispose.  

We restricted our focus to the hazards at small bases housing intermediate 
sized units (600–1000 person expeditionary or temporary bases to semi-
permanent bases, a Battalion to Brigade sized base) because larger bases 
currently employ successful longer-term water treatment solutions. Simi-
larly, we excluded bases smaller than 600 personnel (smaller than a bat-
talion) because of the effective, low cost, and low maintenance, and fairly 
low wastewater production rates of, septic tanks and absorption fields, set-
tling ponds and lagoons, temporary storage and truck removal, and burn-
out pits. While the advantages of these improvised, basic methods may 
outweigh the alternatives (costly; heavy; and difficult to transport, start 
up, and maintain) at very small expeditionary camps, the disadvantages of 
these improvised methods for 600–1000+ personnel camps (from Joint 
Security sites to ad hoc disaster relief camps) grow quickly. For example, 
the burning method poses significant health risks and is labor intensive; 
untreated gray and black water discharge poses significant health risks, 
consumes valuable land and water resources, and adversely affects the lo-
cal environment (at direct odds with disaster relief missions); and off-site 
transport is expensive, time-consuming, and an easy target in areas with 
security concerns.   

Several methods of portable wastewater treatment at the small unit level 
exist within the DoD and in commercial contexts in. They are in various 
technology readiness levels (TRL) and have differing engineering parame-
ters tailored to the intended environments and uses. The Water Phoenix 
(formerly the Deployable Aerobic Aqueous Bioreactor) was developed for 
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the small base requirements of the Army and is the primary initial target 
for this investigation.  

1.2 Project description 

In response to a request by the proposed Joint Capability Technology 
Demonstration, Expeditionary Wastewater Reuse (JCTD-EWR) group and 
enabled by funding from the Rapid Equipping Force (REF), the US Army 
Engineer Research and Development Center (ERDC) developed a compre-
hensive evaluation plan for small unit level wastewater treatment systems 
intended for use by the DoD. ERDC then used the plan to evaluate one 
available system—the Water Phoenix (WP)—in a rapid, non-exhaustive 
study. The evaluation plan focused on three primary dimensions to com-
prehensively assess the system’s capabilities and its compatibility with the 
various intended mission areas: system performance, operations and lo-
gistics considerations, and strategic considerations. ERDC evaluated the 
Water Phoenix against parameters in each dimension to quantify perfor-
mance capabilities and to serve as a baseline for possible future TRL R&D 
of the Water Phoenix or of other portable wastewater treatment and water 
reuse technologies and systems. 

1.3 Project objectives 

The objectives of the project were to  

• Develop a systematic, reusable methodology for evaluating different 
types of portable wastewater treatment systems for the Expeditionary 
Wastewater Reuse, Joint Capability Technology Demonstration (JCTD-
EWR) to consider including in the DoD’s variety of mission sets requir-
ing this type of technology. We would use the Water Phoenix evalua-
tion to refine this operational testing and comprehensive evaluation 
strategy.  

• Provide to the REF and the JCTD-EWR an evaluation of the first 
available portable wastewater treatment system, the Water Phoenix, 
to assess the effectiveness of the system for treatment of sewage and for 
potential reuse of the effluent and to assess the compatibility of the 
Water Phoenix with the anticipated DoD environmental and usage 
constraints. Finally, we would use the evaluation to inform the JCTD-
EWR decision-making process for possible Water Phoenix further de-
velopment and testing considerations. 
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1.4 Project scope 

We divided the scope of the Water Phoenix evaluation into two component 
objectives. In both component cases, we struck a balance between meeting 
required timelines, funding, and meeting the above objectives: 

• Reusable evaluation methodology—The ERDC assessment team has 
developed an approach to evaluating the portable wastewater treat-
ment systems by developing a hierarchy of evaluation criteria and pop-
ulating parameters as minimum, threshold, and objective requirements 
to fit these criteria.  

• Water Phoenix rapid evaluation—The ERDC team characterized the 
performance of the WP against the reusable evaluation methodology. 
For system performance measurements of wastewater treatment effec-
tiveness, we designed the test to rely on 7-day evaluation criteria and 
parameters with a medium confidence estimate of 30-day perfor-
mance, stress tests and emergency operations, startup operations, and 
other considerations. However, because of differences in planning ver-
sus actual volumes of wastewater being produced at the BCIL, the Wa-
ter Phoenix evaluation was only able to provide a quick look at a small 
sub-set of all of the operational performance parameters and a larger 
sub-set of the operations, logistics, and strategic considerations. See 
the Operational Performance section for specific evaluation gaps that 
remain. 
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2 DoD Portable Wastewater Treatment 
Evaluation Guide 

2.1 Overview 

Wastewater contains contaminants that can damage the environment and 
impair human health if it is discharged without treatment. The primary 
contaminants include the following:  

1. Biodegradable organic matter, which causes oxygen depletion in re-
ceiving water bodies, with associated ecosystem destruction, odor, and 
algal blooms.  

2. Suspended solids, which can settle out in receiving water bodies and 
harbor organic matter and pathogens.  

3. Pathogens, which can cause disease in humans and in other organisms.  
4. Nutrients, which can promote eutrophication of receiving waters and 

promote toxic algal blooms.  
5. Trace contaminants and inorganic materials, including pharmaceuti-

cals and heavy metals, which can negatively affect ecosystems or down-
stream users. 

The intent of the portable wastewater evaluation guide was to provide an 
enduring set of criteria that can be used to objectively assess the strengths 
and weaknesses of different proposed systems and to enable further R&D 
that will ultimately deliver systems successful in a variety of DoD antici-
pated mission sets and environments. The guide should be generic enough 
to span the broad set of current and possible technologies that may solve 
this problem set while still containing specific metrics against which each 
system can be comprehensively assessed. 

2.2 Operational performance  

This study defined operational performance as the ability to achieve the 
engineering metrics for wastewater treatment at contingency bases. To de-
velop these metrics, we reviewed several sources of information and guid-
ance (Table 1).  
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Table 1. Primary references for evaluating performance of wastewater treatment.. 

Reference Title 

EPA/Guidelines for Water 
Reuse/Sep 2012 

Wastewater Treatment and Water Reuse 

EPA 625/R-04/108/Sep 2004 Guidelines for Water Reuse 

DoD 4715.05-G Overseas Environmental Baseline Guidance Document 

NSF/ANSI 350-2011 Onsite Residential and Commercial Water Reuse 
Treatment Systems 

TARDEC BAA Topic 26, Amend 64, 
21 Dec 11 

Expeditionary Wastewater Treatment Technologies 

IMCOM, 2011 Expanding Army Water Reuse: Study Assesses Practices, 
Policies 

US Army Installation Management 
Agency, 2009 

Is the Time Coming for Gray Water Reuse? 

USACE, ERDC, CERL, 2011 Water Reuse and Wastewater Recycling at US Army 
Installations: Policy Implications 

U.S. Army Soldier Systems Center 
(Natick), Feb 2012 

Force Provider Subsystem Support Attributes: Fully 
Occupied Camp (640 persons) 

USMA, Center for Innovation and 
Engineering May 2012 

Portable Wastewater Treatment Systems: Integration into 
Army Missions 

ASTM 4687, 2006 Standard Guide for General Planning of Waste Sampling 

ASTM D5956, 2006 Standard Guide for Sampling Strategies for 
Heterogeneous Wastes 

McGraw-Hill, 2002 Wastewater Engineering Treatment and Reuse 

McGraw-Hill, 2007 Water Reuse Issues, Technologies, and Applications 

Standard Methods, 2012 Standard Methods for the Examination of Water & 
Wastewater 

 

Based on a review of these documents, the evaluation team determined 
that, to satisfy various effluent quality and water reuse considerations dur-
ing all phases of system use, we should evaluate the WP and other similar 
systems against the performance metrics outlined in Tables 2, 3, and 4. 

We can use the generic evaluation matrix (Tables 2–6) to objectively as-
sess various types of portable wastewater systems for DoD use, taking into 
account differing mission types and implied environmental and operation-
al conditions. 
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Table 2. System performance (startup) grading criteria for portable wastewater treatment systems for DoD use. 
Startup grading criteria measures total startup time required to reach desired performance characteristics for 

each parameter as listed in Table 3. 

Criteria sub-
group 

Criteria sub-
sub-group 

Test 
Parameter Unit 

Desired performance 
Source for 
requirements 

Reason for 
requirement/ 
notes 

Baseline Threshold Objective 

Startup 
operations 

Startup Time Hr 120 48 24 

Gonzales, 
potable waste 
water 
treatment 
systems 
 

Required 
startup times 
to fulfill mission 
sets such as 
disaster and 
emergency 
response. 

 Effluent 
quality 
(time to 
reach 
effluent 
quality 
parame-
ters) 

BOD5 Hr 120 48 24  

  TSS Hr 120 48 24  

  pH Hr 120 48 24  

  CBOD5 Hr 120 48 24  

  Fecal 
coliform 

Hr 120 48 24  

  Turbidity Hr 120 48 24  

  Total 
nitrogen 

Hr 120 48 24  

  Ammonia Hr 120 48 24  

  Residual 
chlorine 

Hr 120 48 24  

  Total 
phosphorus 

Hr 120 48 24  

  Oil & 
grease 

Hr 120 48 24  
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Table 3. System performance (steady state–effluent quality) grading criteria for portable wastewater treatment 
systems for DoD use. 

Criteria 
sub-group 

Criteria 
sub-sub-
group 

Test 
parameter Unit 

Desired performance 
Source(s) for 
requirements 

Reason for 
requirement/ 
notes Baseline Threshold Objective 

Steady-
state 
operations 

Effluent 
quality 

BOD5 mg/L 45 (7-day); 
30 (30-day) 

30 5 Clean Water 
Act, Table 4-3 
Unrestricted 
Reuse, EPA 
Guidelines for 
Water Reuse, 
2004 

Baseline: 
average 7-day, 
30-day 
concentrations 
that cannot be 
exceeded; avg. 
removal must 
be greater 
than 85% 

  TSS mg/L 45 (7-day); 
30 (30-day) 

30 5 Clean Water 
Act, Table 4-3 
Unrestricted 
Reuse, EPA 
Guidelines for 
Water Reuse, 
2004 

Average 7-day, 
30-day 
concentration 
that cannot be 
exceeded; avg. 
removal must 
be greater 
than 85% 

  pH -- 6.0-9.0 6.0-9.0 6.5-7.5 Clean Water 
Act 

Must be within 
the range of 
6.0 and 9.0 at 
all times 

  CBOD5 mg/L 40 (7-day); 
25 (30-day) 

25 10 Clean Water 
Act, Table 4-3 
Unrestricted 
Reuse, EPA 
Guidelines for 
Water Reuse, 
2004 

Average 7-day, 
30-day 
concentration 
that cannot be 
exceeded; avg. 
removal must 
be greater 
than 85% 

  Fecal 
coliform 

ea/ 
mL 

No req't 200/100 
avg 

2.2/100 
avg, 
23/100 
max 30-
day 

Table 4-3 
Unrestricted 
Reuse, EPA 
Guidelines for 
Water Reuse, 
2004; 
NSF/ANSI 
Standard 350 

Water reuse 
requirements; 
states are 
concerned 
with total 
coliform; e. Coli 
typically 
separately 
enumerated 

  Turbidity NTU No req't 5 (avg) 2 (avg); 5 
(max) 

Table 4-3 
Unrestricted 
Reuse, EPA 
Guidelines for 
Water Reuse, 
2004; 
NSF/ANSI 
Standard 350 

Water reuse 
requirements 

  Total 
nitrogen 

mg/L No req't 25 12 Table 4-11 
Groundwater 
Recharge, EPA 
Guidelines For 

Water reuse 
requirements 
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Criteria 
sub-group 

Criteria 
sub-sub-
group 

Test 
parameter Unit 

Desired performance 
Source(s) for 
requirements 

Reason for 
requirement/ 
notes Baseline Threshold Objective 

Water Reuse, 
2004 

  Ammonia mg/L No req't 5 2 Table 4-9 
Environmental 
Reuse - 
Wetlands, EPA 
Guidelines for 
Water Reuse, 
2004 

Water reuse 
requirements 

  Residual 
chlorine 

mg L No req't No req't 0.5-1 Table 4-13 
Suggested 
Guidelines For 
Water Reuse, 
EPA Guidelines 
for Water 
Reuse, 2004 

Water reuse 
requirements; 
for reuse 
consider 0.5-1 
optimal area 
concentration 

  Total 
phosphorus 

mg/L No req't 5 1 Table 4-9 
Environmental 
Reuse–
Wetlands, EPA 
Guidelines for 
Water Reuse, 
2004 

 

  Oil & 
grease 

mg/L No req't TBD TBD DoD 4715.05-
G Overseas 
Environmental 
Baseline 
Guidance 
Document, 1 
May 07 

Required for 
monitoring 
purposes and 
system health 
estimation 
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Table 4. System performance (steady-state system and stress tests) grading criteria for portable wastewater 
treatment systems for DoD use. 

Criteria 
sub-
group 

Criteria sub-
sub-group 

Test 
parameter Unit 

Desired performance 
Source(s) for 
requirements 

Reason for 
requirement/ 
notes Baseline Threshold Objective 

Steady-
state 
operati
ons 
continu
ed 

System Max. 
wastewater 
processing 
rate 

gpd 4086 8173 16345 Force Provider 
System 
requirements 
for 150, 300, 
and 600-
Soldier-sized 
base camps 

Size/ 
occupancy 
rate of 
intended base 
camp 

  Min. 
wastewater 
processing 
rate 

gpd 1022 2043 4086 DoD Engineer 
Base Camp 
SMEs 

Size/ 
occupancy 
rate variability 
of intended 
base camp. 
Min rate 
(~25% max 
rate) to be 
held for 7 
days 
sustained, 
followed by 
influent rates 
anywhere 
between min 
and max 
processing 
rate. 

  Volatile 
suspended 
solids 

% TSS no req't no req't no req't Necessary 
factor to 
monitor IOT 
track system 
health over 
time 

 

  Dissolved 
oxygen 
(effluent) 

mg/L    Necessary 
factor to 
monitor IOT 
track system 
health over 
time 

 

  Temperature 
tolerance 
(influent) 

°C 10–
25°C 

5–30°C 1–35°C Expected 
influent 
temperatures 
for likely and 
less likely 
possible 
deployed 
location 

Because of 
widely 
anticipated 
DoD mission 
requirements 
and intended 
deployed 
locations. 
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Criteria 
sub-
group 

Criteria sub-
sub-group 

Test 
parameter Unit 

Desired performance 
Source(s) for 
requirements 

Reason for 
requirement/ 
notes Baseline Threshold Objective 

  Temperature 
tolerance 
(ambient) 

°C −10–
40°C 

−20–
45°C 

−45–
55°C 

weather 
recorded data 
for likely and 
less likely 
possible 
deployed 
locations 

Because of 
widely 
anticipated 
DoD mission 
requirements 
and intended 
deployed 
locations. 
Systems can 
be heated if 
necessary. 

Stress 
tests 

System 
recovery (6-
hour power 
outage; time 
to reach 
effluent 
quality 
parameters) 

BOD5 hr 120 48 < 12 Clean Water 
Act, Table 4-3 
Unrestricted 
Reuse, EPA 
Guidelines for 
Water Reuse, 
2004; DoD 
Engineer 
Base Camp 
SMEs 

Power outage 
scenario is a 
likely and 
periodically 
recurring 
scenario for 
missions 
requiring 
portable 
wastewater 
treatment. 
Average 7-day, 
30-day 
concentration 
that cannot 
be exceeded; 
Avg. removal 
must be 
greater than 
85%. 

  TSS hr 120 48 < 12 Clean Water 
Act, Table 4-3 
Unrestricted 
Reuse, EPA 
Guidelines for 
Water Reuse, 
2004 

Average 7-day, 
30-day 
concentration 
that cannot 
be exceeded; 
Avg. removal 
must be 
greater than 
85%. 

  pH hr 120 48 < 12 Clean Water 
Act 

Must be 
within the 
range of 6.0 
and 9.0 at all 
times. 
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Criteria 
sub-
group 

Criteria sub-
sub-group 

Test 
parameter Unit 

Desired performance 
Source(s) for 
requirements 

Reason for 
requirement/ 
notes Baseline Threshold Objective 

  CBOD5 hr 120 48 < 12 Clean Water 
Act, Table 4-3 
Unrestricted 
Reuse, EPA 
Guidelines for 
Water Reuse, 
2004 

Average 7-day, 
30-day 
concentration 
that cannot 
be exceeded; 
Avg. removal 
must be 
greater than 
85%. 

  Equipment/ 
procedures 
required 

anecdotal      

 

2.3 Operations and logistics considerations 

In addition to the above specifications, one should evaluate a number of 
other parameters in the general category of operations for portable 
wastewater treatment systems intended for DoD use. For a succinct sum-
mary, see Table 5.  

2.3.1 Transport: shelf life  

To be compatible with various intended DoD mission sets, including disas-
ter relief, force projection and sustainment, and other activities, a portable 
wastewater treatment system must meet certain transportation require-
ments. Shelf life requirements of any standalone materials (including any 
bacterial startup cultures required for startup) should meet the following 
shelf life requirements: 

1. Baseline—30 days transportable or stowable at temperature ranges of 
−5 to 40°C. 

2. Threshold—90 days transportable or stowable at temperature ranges of 
−15 to 45°C. 

3. Objective—of 180 days transportable or stowable at temperature rang-
es −45 to 55°C. 

2.3.2 Assembly: initial setup 

Initial setup time includes all site work; internal and external connections 
to influent, effluent, storage or overflow tanks, power; and any other activ-
ities required in the initial system placement and in the preparation for 
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system startup operations. All candidate systems should meet the follow-
ing initial setup requirements:  

1. Baseline—120 man-hours or less with minimal additional equipment 
required for preparing the area (e.g., small skid steer loader). 

2. Threshold—48 man-hours or less with no additional equipment re-
quired.  

3. Objective—less than 12 man-hours with no additional equipment re-
quired. 

2.3.3 Startup: time  

Startup operations for any system intended for DoD use should meet the 
required times for reaching steady-state performance for each effluent 
quality parameter:  

1. Baseline—120 hours or less. 
2. Threshold—48 hours or less. 
3. Objective—less than 24 hours.  

These startup time requirements pertain to all systems regardless of the 
startup method (e.g., introduction of unique bacterial consortium, use of 
existing bacteria in raw wastewater or other environment, etc.). 

2.3.4 Startup: complexity  

Candidate systems should meet the following requirements for the com-
plexity of startup operations:  

1. Baseline—non-MOS (Military Occupation Specialties) skill set required 
to do all startup operations with less than 10 hours of training re-
quired. 

2. Objective—non-MOS skill set required to do all startup operations with 
no additional instruction required other than referring to the opera-
tor’s guide. 

2.3.5 Design: flexibility 

One should evaluate candidate systems by their ability to accommodate a 
variety of external factors, with minimal manual system changes required 
by an operator to accommodate these factors:  
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1. Environmental (temperature changes over time, terrain). 
2. Wastewater flow characteristics (changes in flow rates throughout the 

day and over time and percentage of gray versus black water, including 
changes over time). 

3. Wastewater concentration and strength changes. 
4. Other factors.   

2.3.6 Design: odor 

One should assess candidate systems, using ASTM standard E679, for the 
intensity of odors they cause during normal operations. This standard will 
help to statistically determine the average dilution rate at which the “dirty” 
air surrounding the system in operation should be combined with “clean” 
air before the average person can detect the presence of odors typical for 
wastewater processing (ASTM E679 2011; McGinley 2002). This final es-
timate for odor production is called a “best estimate threshold” (BET). 
This procedure allows systems to be objectively compared with a different 
population of assessors over time in a variety of environmental conditions. 
It also allows BETs to be converted later to estimate overall odor in a spe-
cific area by considering the intended deployment area environmental fea-
tures and other factors. 

2.3.7 Durability: component and system 

When evaluating candidate systems, one should assess their ruggedness, 
or durability, in a variety of environmental conditions and in their intend-
ed normal operations. Examples may include materials used and a qualita-
tive assessment of system components at various connections. 

2.3.8 Reliability: redundancy of key components and component system 
failure rates 

One should qualitatively evaluate candidate systems on their estimated 
reliability by observing system components and identifying single points of 
failure versus redundancy in key components. Also, where possible, sys-
tems evaluations should include component and system reliability, using 
mean time before failure (MTBF) or other reliability evaluation methodol-
ogies. 
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2.3.9 Reliability: percentage of time operational  

The team should evaluate candidate systems for their reliability over a sig-
nificant time period (30+ days) over all intended phases of operation 
(transport, startup, steady-state operations, and stress tests) using per-
centage of time operational as a parameter (operation time vs. total time 
intended for use, expressed as a percentage). All candidate systems should 
meet the following requirements: 

1. Baseline—90%. 
2. Threshold—95%. 
3. Objective—> 99%. 

2.3.10 Maintainability: scheduled maintenance complexity  

Candidate systems should meet the following requirements for scheduled 
maintenance:  

1. Baseline—< 15 hr/mo. 
2. Threshold—< 5 hr/mo. 
3. Objective—< 1 hr/mo.  

In addition, the scheduled maintenance should require no expertise 
unique to a specific or range of MOS, be done with minimal instruction or 
by following clear instructions in a succinct operator’s guide, require no 
special equipment other than basic issued items (BII) for the operator, and 
require no prior system exposure or familiarity.   

2.3.11 Maintainability: unscheduled maintenance complexity  

Candidate systems should meet the following requirements for scheduled 
maintenance:  

1. Baseline—< 15 hr/mo. 
2. Threshold—< 5 hr/mo. 
3. Objective—< 1 hr/mo.  

In addition, the unscheduled maintenance should require no expertise 
unique to a specific or range of MOS, be accomplished with minimal in-
struction or by following clear instructions in a succinct operator’s guide, 
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require no special equipment that does not accompany the system, and re-
quire no prior system exposure or familiarity.   

2.3.12 Procedures: hazmat 

Candidate systems should pose low or no significant risk when or if pro-
ducing hazardous materials (hazmat) from any byproducts as a result of 
the wastewater processing (from activated sludge, etc.). Because of the 
maintenance and labor associated with disposal of sludge and the health 
hazards that accompany handling of sludge, evaluations should prefer sys-
tems that produce less activated sludge. 

2.3.13 Shutdown and tear-down: general 

Similar to transport and startup requirements, candidate systems should 
pose a low burden (little labor, no or minimal additional equipment need-
ed, etc.) to end steady-state operations and to prepare for movement. 
Cleanup, dismantling, packing, and other activities required should meet 
the following requirements:  

1. Baseline—72 man-hours or less with minimal additional equipment 
required. 

2. Threshold—48 man-hours or less with no additional equipment. 
3. Objective—less than 12 man-hours with no additional equipment. 
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Table 5. Operations and logistics considerations grading criteria for portable wastewater treatment systems for DoD use. 

Criteria sub-
group 

Criteria sub-
sub-group Test parameter Unit 

Desired performance Source(s) for 
requirements Reason for requirement/notes Baseline Threshold Objective 

Transport and 
Startup 

Transport Bacteria shelf 
life (function of 
temp or as 
broad range); 
temp, humidity, 
handling, other 
requirements 

days/temp 
range; other 

30/−5–40°C 90/−15–45°C 180/−45–55°C DoD Engineer 
Base Camp 
SMEs 

Shelf life requirements of any standalone 
materials (bacterial startup cultures) exist to 
fulfill missions such as disaster and emergency 
response, force projection and sustainment, 
and other short and longer term deployment 
missions. Shelf life for systems not requiring bio 
materials to startup system is the entire system 
shelf life in dormant state. 

  Lift, transport, 
emplacement 
requirements 

anecdotal      

 Startup Complexity anecdotal non-MOS skill 
set, < 10 hr 
training 
required 

 non-MOS skill 
set, use only 
operator's guide 

  

Operation 
and 
maintenance 

Assembly Initial setup man-hours 120 48 <12   

 Design Flexibility 
(performance 
and necessary 
system 
modifications at 
a variety of flow 
rates, 
configurations 
based on 
environmental 
conditions) 

anecdotal      

  Odor best 
estimate 
threshold 
(BET) 

TBD TBD TBD   

 Durability Component, 
system durability 

anecdotal      
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Criteria sub-
group 

Criteria sub-
sub-group Test parameter Unit 

Desired performance Source(s) for 
requirements Reason for requirement/notes Baseline Threshold Objective 

 Reliability Redundancy key 
components 

anecdotal      

  Component, 
system failure 
rates 

no. fail/time TBD TBD TBD   

  Operation Time/ 
Total Time 

percent 90 95 > 99   

 Maintainability Scheduled 
maintenance 
complexity 

hr/month; 
anecdotal 

< 15 < 5 < 1   

  Unscheduled 
maintenance 
complexity 

hr/month; 
anecdotal 

< 15 < 5 < 1   

 Procedures Hazmat anecdotal      
Shut-down shutdown, 

teardown 
General anecdotal      
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2.4 Strategic considerations 

When evaluating portable wastewater treatment systems intended for DoD 
use, we should consider a number of other parameters in the general cate-
gory of strategic considerations. For a succinct summary, see Table 6.  

2.4.1 Size: container type 

Military equipment and vehicles should be able to transport candidate sys-
tems. Consequently, the container size and type requirements are as fol-
lows:  

1. Baseline—all system containers are (off-) loadable on a Palletized 
Loading System (PLS) vehicle and housed in a standard military-
transportable container (ISO, MILVAN, other. 

2. Threshold—a system consists of two TRICON containers for each mul-
tiple of 600 maximum personnel occupancy (wastewater volume) 
served1

3. Objective—a system consists of one TRICON container for each multi-
ple of 600 maximum personnel occupancy (wastewater volume) 
served.  

.  

2.4.2 Weight 

Candidate systems should meet the following requirements for weight:  

1. Baseline—compatible with lifting and emplacement by a 40-ton crane.  
2. Threshold—compatible with lifting and emplacement by a 32-ton 

RTCH vehicle.  
3. Objective—compatible with lifting and emplacement by a 10,000-lb 

military forklift vehicle.  

These weight requirements are established based on lift assets available 
for large (larger than a brigade), medium (brigade) and small (battalion 
and smaller) bases. 

                                                                 
1 Sizes and standards for the latest version ISO/ RICON containers can be found here: 

http://www.seabox.com/catdl/sb3/sb8250-sw-4lsh-ftdr/SB825.0.SW.4LSH.FTDR.pdf.  Maximum pay-
load capacity is 11,914 lb; payload volume is 354 ft3. 
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2.4.3 Peak power use and energy consumption 

Candidate systems’ ratings for peak power and energy consumption will 
help to determine a suitable power supply method (dependent upon power 
generation procedures at the base—generator type and size, prime power 
or electrical grid, or other). To enable a rapid comparison between sys-
tems, we should convert power and energy consumption into a wastewater 
processing efficiency metric (fuel or energy consumption [gal. or kWh] per 
wastewater processed [gal.]).  

2.4.4 Electrical: DoD compatibility  

Candidate systems should meet the following requirements for electrical 
compatibility for DoD operations:  

1. Baseline—using standard system cables, the candidate system must be 
fully compatible with the Advanced Medium Mobile Power Sources 
(AMMPS).  

2. Threshold—operable using a stand-alone AMMPS 10-kW generator 
and is compatible with both US and European voltage and frequency 
combinations (120-V/60-Hz and 220-V/50-Hz systems, respectively) 
with prepared connections in accordance with each governing body’s 
standards.1

3. Objective—operable using a stand-alone, 5-kW AMMPS with the same 
voltage, frequency, and connection compatibilities.  

  

In addition, all systems should require only one connection to outside 
power to minimize setup time and complexity. 

2.4.5 Safety hazards 

Candidate systems should meet the following requirements for risks relat-
ed to airborne hazards, equipment, connections, activated sludge, illness 
and exposure, etc. 

1. Baseline—low risk likelihood with low to moderate severity of possible 
outcomes.  

                                                                 
1 US electrical connection standards are governed by the “National Electrical Manufacturer’s Associa-

tion” (NEMA) and can be found here: http://www.nema.org/Pages/default.aspx.  European electrical 
connection standards are more disparate, are governed by “Worldwide System for Conformity Testing 
and Certification of Electrotechnical Equipment and Components(IECEE)”, and can be found here: 
http://www.iecee.org/. 
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2. Threshold—low risk likelihood, mitigated to negligible, with low to 
moderate severity of possible outcomes. 

3. Objective—very low likelihood risks with low to moderate severity of 
possible outcomes. 

2.4.6 Scalability 

One should evaluate candidate systems on their ability to meet a variety of 
base size requirements (with implicit wastewater flow rate distributions 
over time), with bases of approximate 600 personnel viewed as the mini-
mum size. Owing to the complexity, startup, maintenance, and other con-
siderations of current state of the art portable wastewater treatment sys-
tems, smaller bases are better served by wastewater treatment systems 
such as open lagoons, septic tanks, and burn-out latrines.  

2.4.7 System complexity  

We should evaluate candidate systems on their overall complexity for op-
erations and handling throughout all phases (transport and assembly, 
startup, and steady-state operations, including maintenance, shutdown, 
and tear-down). Systems should be comparatively assessed for complexity 
and graded according to the following rough criteria:  

1. Baseline—moderate complexity compared to other currently available 
systems.  

2. Threshold—low complexity compared to other currently available sys-
tems.  

3. Objective—the least complexity compared to other currently available 
systems.  

Some suitable benchmarks for comparison (in addition to proposed new 
technologies) are systems currently in use by the DoD: open lagoons, sep-
tic tanks, and burn-out latrines. A suitable working definition for low 
complexity is that it requires no expertise unique to a specific or range of 
MOSs, can be done with minimal instruction or by following clear instruc-
tions in a succinct operator’s guide, requires no special equipment that 
does not accompany the system, and requires no prior system exposure or 
familiarity. 
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2.4.8 Cost: unit cost and other costs  

We should assess candidate systems on their expected range of costs over 
the entire life cycle to compare the overall value of various candidate sys-
tems. Consequently, we should assess systems on their initial unit costs in 
addition to other costs over time, including maintenance and repair costs 
(informed by reliability and scheduled and unscheduled maintenance es-
timations); system life expectancy (informed by durability and reliability 
estimations); fuel; and other anticipated costs. Where possible, anticipated 
costs of systems should be normalized as follows: expected cost per gal. 
wastewater treated per year of use ( $

𝑔𝑎𝑙.  𝑤𝑎𝑠𝑡𝑒 × 𝑦𝑟
). 
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Table 6. Strategic considerations grading criteria for portable wastewater treatment systems for DoD use. 

Criteria 
sub-group 

Criteria 
sub-sub-
group 

Test 
parameter Unit 

Desired Performance 
Reason for 
requirement/notes Baseline Threshold Objective 

SWAP Size Container type ea PLS-
loadable 
containers 

2 x tricon 1 x tricon implied requirements 
due to lift assets 
available to large (> 
BDE), medium (BDE), 
and small (BN-)bases 

 Weight Weight weight / lift 
asset 
required 

40 ton 
crane 
liftable 

32 ton 
RTCH 
liftable 

10K lb 
forklift 
liftable 

lift assets available to 
large (> BDE), 
medium (BDE), and 
small (partial BN) 
bases 

 Power Peak power 
use 

kW TBD TBD TBD  

  Daily Energy 
Consumption 

kWh TBD TBD TBD  

 Electrical DoD electrical 
compatibility 

anecdotal 120/220V 
compatibl
e 

10 kW 
generator 
operable; 
120/220V 
compatible 

5 kW 
generator 
operable; 
120/220V 
compatible 

 

Safety Illness, 
safety risks 

hazards: 
airborne, 
equipment, 
connections, 
activated 
sludge, 
illness/ 
exposure, 
other 

various low risk 
likelihood/ 
low to mod 
severity 

low risk, 
mitigated to 
very low 

very low risk 
likelihoods/ 
low severity 

 

Other Scalability Cost, difficulty 
to increase 
capacity 

$/gpd 
processing 
increase 

TBD TBD TBD  

 System 
complexity 

 comparative moderate 
complexity 
compared 
to 
currently 
available 
systems 

low 
complexity 
compared 
to currently 
available 
systems 

least 
complex of 
currently 
available 
systems 

 

 Cost Unit cost $/system TBD TBD TBD  

  Other costs 
(replacement 
parts, 
cultures, 
other) 

various TBD TBD TBD  
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3 Rapid Evaluation of Water Phoenix  

3.1 Test overview 

The second phase of the study evaluated the performance of the Water 
Phoenix. Owing to the system setup (two bio-reactor tanks—BRTs—one of 
which can lie dormant) and the ability to modulate influent flow rates 
from 10 to 20 gpm per BRT, we could also study the system at wastewater 
flow rates ranging from 15,000 to 25,000 gpd. This enabled us to study the 
system in a small base camp environment, like the BCIL, where a number 
of other operational and strategic parameters could be easily studied sim-
ultaneously.  

Because of funding and time constraints, the test activity was intended to 
rapidly assess the system’s performance, in addition to grading it against 
various operations, logistics, and strategic considerations. Consequently, 
we set up an approximate 2-week window of testing to broadly include sys-
tem arrival and setup, startup operations, normal (steady state) opera-
tions, and shut-down and tear-down operations. Because testing heavily 
relied on the presence of a relatively steady production and on the availa-
bility of wastewater from BCIL occupants, an unexpected series of sched-
uling changes and subsequent dearth of daily wastewater flow severely 
limited the operational testing portion of the WP evaluation, as will be dis-
cussed further in the constraints and results sections. See Figure 1 for the 
test schedule at the BCIL and for its major components. 
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Figure 1. Broad schedule Water Phoenix rapid evaluation at 

BCIL, July 2012. 

3.2 System overview 

The WP is a portable, modular wastewater treatment system based on aer-
obic bioreactor technology. The system is composed of a buffer tank, an 
1800-gal. primary receiver tank, and two 2800-gal. bioreactor tanks. The 
system was designed to handle a continuous flow of approximately 25,000 
gal. of wastewater per day with a total residence time of approximately 7 
hours when running at steady state (from initial influent into system to 
effluent exit). Like most wastewater treatment approaches, the system 
aims to treat and stabilize the wastewater by removing and degrading the 
biodegradable organic matter, the suspended solids, the nutrients, and the 
pathogens through aerobic digestion. The system grows a carefully select-
ed consortium of bacteria inside its bio-reactor tanks, producing a bio-film 
on the submerged surface media in each BRT, and aerobically consumes 
(aided by constant aeration) wastewater as it travels through the gravity 
fed system in several steps.  
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The WP is designed to remove biologically oxidizable material from 
wastewater. It is a fixed film system, similar to trickling filters, in which 
biomass builds up on a surface. This biofilm provides the environment for 
dissolved materials to be used by the bacteria. Unlike in a trickling filter, 
the biofilm is attached to an artificial medium that allows better contact 
between wastewater and biofilm; and air is diffused into the system. The 
result is a more efficient system that can remove biodegradable materials 
as effectively as, or better than, activated sludge without producing waste 
sludge to any significant degree. 

The biofilm system, while operating aerobically, can remove dissolved or-
ganic compounds and can also convert ammonia to nitrate. Although sig-
nificant amounts of biomass (i.e., sludge) are not produced, the system 
still releases high densities of bacteria compared to the densities in natural 
streams. Removing the bacteria would require further polishing steps, 
such as a membrane bioreactor combined with disinfection. The system 
does not have the capability to generate water for direct potable reuse. It is 
possible that one could use the effluent as influent for the potable water 
treatment systems based on reverse osmosis membrane that are in use by 
the Army, but that would take much further analysis and study. 

Figures 2, 3, and 4 show the operational configuration during testing, con-
nections to wastewater, and component system overviews, respectively. 
For a detailed understanding of system components, refer to the operation 
and maintenance manual (Active Water Sciences 2010). 

 
Figure 2. Water Phoenix in operational configuration during testing 

at the BCIL, July 2012. 
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Figure 3. BCIL wastewater connections overview. 

 
Figure 4. Water Phoenix component systems overview. 

3.3 Roles and responsibilities 

3.3.1 System providers (SHSU and AWS) 

Sam Houston State University (SHSU) provided a version of the Water 
Phoenix. Before and throughout the assessment, SHSU relied on Active 
Water Solutions (AWS) as its commercial partner. However, SHSU served 
as lead for executing all of the following functions for the test at the BCIL: 

a. Coordinate and execute the preparation for delivery, setup, startup, 
steady-state operations, tear-down, and departure operations. All are 

Secondary 
Septic Tank
5,000 Gal.

Primary 
Septic Tank
10,000 Gal.

Tank to 
Leach Field
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related to the primary activity of processing the BCIL’s wastewater and 
of producing effluent for limited reuse. Costs are absorbed through the 
current contracting process and are approved through contracting of-
ficer’s representative (COR). 

b. Act as sole operator of all equipment owned under the Water Phoenix 
contract with ERDC. 

c. Support queries by the ERDC evaluation team, and respond quickly 
and accurately to assist with the evaluation process. 

d. Provide timely updates for any logistic or operational problems en-
countered by the system. 

e. Other activities as necessary. 

Stephen Parker (email: SMP016@SHSU.EDU; phone: 713-598-6438) was 
the key personnel for the testing activity. 

3.3.2 Test team 

ERDC was responsible for the overall testing activity and evaluation pro-
cess and did the following: 

a. Coordinate and execute the preparation for the evaluation process, the 
test plan, and the test execution (on and off site). 

b. Collect primary data for system monitoring, including influent and ef-
fluent samples.  

c. Coordinate with outside labs for any sample testing, including pickups 
and deliveries. 

d. Control and disseminate all changes to the test schedule and to testing 
activities. 

e. Notify the BCIL test support team of any routine or emergency prob-
lems encountered. 

f. Coordinate all non-primary test site visitors. 

mailto:SMP016@SHSU.EDU�
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g. Other activities as necessary. 

Key personnel for the test team activity were the following: 

• Jared Oren, overall test lead (email: jared.i.oren@usace.army.mil; 
phone: 603-369-8994). 

• Rosa Affleck, secondary test lead and on-site test lead (part-time) 
(email: rosa.t.affleck@usace.army.mil; phone: 603-369-9948).  

• Charles Smith, technician, site lead, and on-site test lead (part-time) 
(email: charles.e.smith@usace.army.mil; phone: 603-208-8080). 

The ERDC test team used an independent, state-certified laboratory in 
proximity to the test site to evaluate all samples: 

Accutest Laboratories 
495 Technology Center West, Bldg One 
Marlbourough, MA 01752 
Phone: 508-481-6200 
Email: mattm@accutest.com  

3.3.3 Test support team (BCIL) 

The BCIL was in charge of and responsible for the test site and did the fol-
lowing: 

a. Coordinate all administrative requirements related to Ft. Devens and 
the BCIL while preparing for and executing the test. 

b. Authorize shut down for any safety hazards or other concerns. 

c. Provide data support, by request of the test team, including influent 
component monitoring, occupancy rates, and other data. 

d. Facilitate the site designation, preparation, execution, tear-down, and 
departure operations, where necessary. 

e. Provide on-site personnel during testing activity, with an on-call repre-
sentative 24/7 for any emergencies or test-related issues, as the Water 
Phoenix equipment remains on site throughout the entire testing activ-
ity. 

mailto:jared.i.oren@usace.army.mil�
mailto:rosa.t.affleck@usace.army.mil�
mailto:charles.e.smith@usace.army.mil�
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f. Provide other support as necessary to enable the testing activity. 

Key personnel for the test support team activity were the following: 

• Tim Benson, BCIL overall lead (email: timothy.a.benson.civ@mail.mil; 
phone: 508-233-5543).  

• Ryan Eckert, BCIL site lead (email: ryan.m.eckert.civ@mail.mil; 
phone: 617-416-6716). 

3.4 Test environment  

The BCIL consists of two Force Provider 150-man camps side-by-side in a 
realistic Forward Operating Base (FOB) setting. The North camp is in the 
standard Force Provider configuration—this is the “control” camp. The 
South camp is set up to be the “test” camp—this is where any modifica-
tions will be made. Both camps are fully instrumented to allow acquisition 
of important data such as power, temperature, and fuel and water use. 
Relevant data was provided in real time and at the conclusion of testing 
(e.g., electrical and wastewater flow rates). For more information about 
the BCIL, see the Roles and Responsibilities Section 3.3 for contact infor-
mation. 

3.5 Assumptions 

• The BCIL is a representative sample of DoD small base operations and 
provides similar wastewater volumes per capita as well as characteris-
tic influent. 

• The Water Phoenix version delivered to the BCIL for testing is repre-
sentative of the various iterations produced, with any differences anno-
tated and provided by SHSU. 

• Overall test classification and all data extracted are Unclassi-
fied/FOUO, as are all data collected and compiled and the analysis to 
be conducted. 

• While the testing activity was configured to examine the Water Phoenix 
during normal operations, the evaluation incorporated various consid-
erations about the Water Phoenix that required data and information 
not available on-site (e.g., a “paper study”). To do so, the test team re-
lied on SHSU for timely and accurate responses to official inquiries. 
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3.6 Constraints 

3.6.1 Contract schedule and funding 

This test was largely enabled through residual funding on SHSU’s contract 
for development of the Water Phoenix (known as the DAAB under the cur-
rent contract). All activities designated in earlier sections for SHSU are 
funded through this contract and subject to its conditions, including a con-
tract termination date of 31 August 2012. The test required backwards 
planning to meet system at rest (in Texas) requirements stipulated by the 
contract or otherwise articulated by the COR.  

3.6.2 Site and effluent  

The evaluation and the Water Phoenix performance relied heavily on the 
volume and the other characteristics of the BCIL’s wastewater, which is 
necessarily a function of the test site occupancy rate and amount of activity 
conducted on the site rather than elsewhere locally (on or off Ft. Devens). 
Because of the contract schedule and funding constraints above, the op-
portunities to adjust the Water Phoenix rapid evaluation schedule were 
slight, and when forecasted occupancy rates (e.g., wastewater flow rates) 
were smaller than expected, the team needed to alter the original plans to 
test various operational performance parameters. These lower-than-
expected wastewater loadings on the system resulted in a much lower than 
expected influent BOD/TSS (biochemical oxygen demand/total suspended 
solid) content of the water that would not be representative of municipal 
or small base (FOB) wastewater. Figure 5 shows effective rates of influent 
available each day for the system to process, noting the number of times 
wastewater needed to be recycled to provide the Water Phoenix a mini-
mum flow rate of influent. 

 
Figure 5. BCIL wastewater volume and re-process rate. 

startup
Bacteria growth complete; 

BOD5 results indicate ‘steady 
state’
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3.6.3 Startup 

The initial wastewater from the BCIL, used for system startup, exhibited 
largely anaerobic conditions, as it was accumulated in a septic tank from 
April to July 2012 prior to the test start. While one may observe these 
startup conditions during some types of intended DoD mission require-
ments, they pose various additional challenges to any aerobic wastewater 
treatment system during the necessary initial growth or startup period as 
compared to using “fresh” wastewater to feed initial growth. Consequently, 
times and challenges encountered during the system startup period are 
not easily relatable to other startup conditions.  

3.7 Equipment, materials, and logistics  

ERDC organized equipment and materials, including health and safety 
supplies, to execute all systems performance assessment, samples extrac-
tion, and ground truth and test controls activity. Table 7 contains the 
equipment and supplies necessary during evaluation to conduct the sam-
ple collection and observation activities outlined in the Roles and Respon-
sibilities Section 3.3. 

Table 7. Test team primary equipment. 

Item Qty Description Test purpose  

Detergent 1 L   Sanitize sampling containers and 
equipment 

Hand soaps 16 oz With disinfectant Sanitize, wash hands  

Chemical wipes 4 packs Absorbent Sanitize 

Gloves Several pairs Nitrile, arm-length, reusable Personal protection during sampling 

1 box Latex, disposable Personal protection during sampling 

Charcoal mask 1 pack  Neutralize odor  

De-ionized water 5 gal.  Rinse sampling containers 

Pails 3  Carrying instruments, sampling 
containers, and miscellaneous  

5-gal. buckets 4  Use for sample containers; carrying 
supplies, and water hand washing 

Dippers 2 Dynalon Graduated Dipper, 
500 mL, 3 ft Handle 

Use for collecting influent and 
effluent sampling 

DO sensor 1 Oakton* DO 110 Portable 
Dissolved Oxygen Meter kit; 
has temp sensor 

System monitoring 

Thermometer 1 Backup to DO sensor System monitoring 
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Item Qty Description Test purpose  

pH tester 1 kit Mettler Toledo SevenGo pH 
Portable Meter kit 

System monitoring 

Cheese cloth 1 pkg  Sample straining 

Hand sanitizer 1 pkg  Sanitization 

Shoe guards 1 pkg 50 Disposable Personal protection during sampling 

Tyvek coveralls 3  Personal protection during sampling 

Tape 1 ea  misc 

Scott wipe rags 1 pkg  Personal protection and sanitization 
during sampling 

Field book, and pens  Water proof Recording and taking data and notes 

Camera 1 Digital Recording and taking data 

Trash bags 1 Pack Plastic Solid waste generated during 
sampling 

Sample bottles Various Bottles (size and types) 
depend on the tests required 

Influent and effluent sampling and 
testing 

Coolers  At least 2 per 
day 

Medium size to store 
samples required 

To store influent and effluent 
samples for testing 

Ice Plenty Fill the cooler after samples 
are collected. 

Samples must be refrigerated in 
coolers full of ice to be transported to 
the testing laboratory 

 

3.8 Samples collection and monitoring 

The Water Phoenix evaluation relied on periodic sampling of influent, 
BRT, and effluent to monitor the system health. The team also quantified 
the wastewater treatment system performance by monitoring the various 
effluent qualities, and other parameters, over time. The team designed the 
sample collection plan according to ASTM standard methods (ASTM 
D4687 2006; ASTM D5956 2006; D6759 2009) and collected all samples 
in compliance with ASTM standard methods (ASTM D6759 2009; ASTM 
D5088 2008).An independent, certified laboratory (Accutest, see Section 
3.3 Roles and Responsibilities) evaluated samples against the various op-
erational parameters after following standard methods for temporary stor-
age and chain of custody (ASTM D4840 2010) during the transfer process. 
We collected grab samples to evaluate the Water Phoenix influent and ef-
fluent conditions for various parameters, as summarized in Table 8. We 
consistently collected samples for various parameters to evaluate the sys-
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tem, as shown in Table 9. Appendix A shows all laboratory test results by 
day and parameter type. 

Table 8. Sample parameters collected at various locations to evaluate the system. 

Parameter Unit Sample type 
Sample location 

Raw 
influent 

BRT Treated 
effluent 

BOD5 mg/L Grab X  X 

CBOD5 mg/L Grab X   

Chemical oxygen 
demand 

mg/L Grab X  X 

Dissolved oxygen mg/L Grab X X X 

Fecal coliform CFU/100mL Grab X  X 

HEM oil and grease mg/L Grab X  X 

Nitrogen, ammonia mg/L Grab    

Nitrogen, nitrate + 
nitrite 

mg/L Grab X  X 

Nitrogen, total mg/L Grab X  X 

Nitrogen, total Kjeldahl mg/L Grab X  X 

pH mg/L Grab X X X 

Temperature ◦C Grab X X X 

Phosphorus, total mg/L Grab   X 

Solids, total suspended mg/L Grab X  X 

Total residual chlorine mg/L Grab X  X 

Turbidity NTU Grab X  X 

Volatile suspended 
solids 

mg/L Grab  X  

 

Before use, the team calibrated dissolved oxygen, pH, and temperature 
sensors according to equipment normal procedures (as outlined in each 
operator’s manual). These sensors monitored the water condition in the 
PST, BRT, and effluent throughout the entire evaluation. The sensors took 
these measurements consistently every other hour (i.e., 0730, 0930, 1130 
and 1330 hours) after the WP was at steady state. To monitor the PST and 
BRT, we submerged the sensors into the water, allowing the sensors to 
equilibrate before the readings were taken. To monitor the effluent, we 
collected readings in the bucket of effluent water. 
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We collected influent grab samples from the Buffer Tank. To collect sam-
ples that were representative of the influent, we consistently collected the-
se samples by slowly submerging and filling the opened bottle when the 
grinder pump was on and as the buffer tank was being filled up. 

The team collected grab water samples for volatile suspended solids in the 
BRT by slowly submerging and filling the opened bottle. Treated effluent 
samples were collected from a faucet on the effluent line.  

Immediately after we collected all of the samples, we placed the labeled 
bottles in a cooler full of ice and sent it to Accutest local laboratory for 
analysis.
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Table 9. Sampling frequency for various parameters sent to local laboratory. 

Location Parameters 
Day 1 
Mon. 

30 Jul. 

Day 2 
Tue. 

31 Jul. 

Day 3 
Wed. 

1 Aug. 

Day 4 
Thu. 

2 Aug. 

Day 5 
Fri. 

3 Aug. 

Day 6 
Sat. 

4 Aug. 

Day 7 
Sun. 

5 Aug. 

Day 8 
Mon. 
6 Aug. 

Day 9 
Tue. 

7 Aug. 

Day 10 
Wed. 

8 Aug. 

Day 11 
Thu. 

9 Aug. 

Day 12 
Fri. 

10 Aug. 

Influent BOD5 (5 = 5-day test) 10:30 am 2:00 pm 8:30 am  7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 

CBOD5 (5 = 5-day test) 10:30 am 2:00 pm 8:30 am       7:30 am   7:30 am 

Chemical oxygen demand     7:30 am     7:30 am   7:30 am 

Fecal coliform         7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 

HEM oil and grease       7:30 am   7:30 am   7:30 am 

Nitrogen, total       7:30 am   7:30 am   7:30 am 

Solids, total suspended 10:30 am 2:00 pm 8:30 am  7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 7:30 am 

Total residual chlorine       7:30 am   7:30 am    

Turbidity       7:30 am   7:30 am    

BRT Volatile suspended solids       7:30 am   7:30 am   7:30 am 

Effluent BOD5   8:30 am 2:45 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 

CBOD5          2:30 pm   2:30 pm 

Chemical oxygen demand     2:30 pm  2:30 pm   2:30 pm   2:30 pm 

Fecal coliform     2:30 pm     2:30 pm 2:30 pm 2:30 pm 2:30 pm 

HEM oil and grease     2:30 pm   2:30 pm   2:30 pm  2:30 pm 

Nitrogen, total     2:30 pm   2:30 pm   2:30 pm  2:30 pm 

Phosphorus, total     2:30 pm   2:30 pm   2:30 pm   

Solids, total suspended   8:30 am 2:45 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 2:30 pm 

Total residual chlorine     2:30 pm   2:30 pm   2:30 pm   

Turbidity     2:30 pm   2:30 pm   2:30 pm   

 System startup / build bio-mass / get to steady state 

 7-day average test collection 
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3.9 Results 

ERDC evaluated the Water Phoenix against a number of operational and 
strategic parameters during the rapid test. However, owing to the con-
straints associated with this field test, the data provided a limited look at 
the Water Phoenix capabilities in terms of the engineering performance 
metrics. Specifically, the amount and quality of influent water that Water 
Phoenix received was not sufficient for supporting the microbial ecosys-
tem within the bioreactor (see Section 3.6 Constraints). Therefore, the bi-
oreactor did not mature nor did it approach an optimal performance level. 
In fact, as the influent contaminant concentration decreased, the reactor 
performed worse with respect to some parameters. However, during the 
initial startup phase, when organic loadings were slightly higher (though 
still not near representative of field wastewater in terms of contamination 
level), there was some indication that bio-augmentation may have assisted 
in starting up the bioreactor. Unfortunately, as the reactor was operated 
under non-representative conditions, it is difficult to estimate the level of 
enhancement provided. It is also not possible to estimate the expected per-
formance of the Water Phoenix in the field based on the data collected.  

3.9.1 System performance 

We have evaluated a number of parameters in the general category of system 
performance for Water Phoenix based on the criteria developed in the generic 
evaluation guide. For a succinct summary, see Tables 10 (startup and steady-
state operations1

This study evaluated the performance of a portable, modular wastewater 
treatment system based on aerobic bioreactor technology composed of a 
buffer tank, an 1800-gal. primary receiver tank, and two 2800-gal. biore-
actor tanks. The system was designed to handle a continuous flow of ap-
proximately 25,000 gal. of wastewater per day with a total contact time of 
approximately 7 hours. 

), 11 (steady-state operations), and 12 (stress tests).  

Here, the system operated for 12 consecutive days with influent and efflu-
ent wastewaters monitored daily. Wastewater was first introduced to the 
system on 30 July, and starter microbiological cultures inoculated into the 
first bioreactor tank on three consecutive days (31 July, 1 August, and 2 
                                                                 
1 Table 10 provides only a rapid assessment of some startup and steady-state operations based on lim-

ited testing. Consequently, Table 11 reads “did not test” the various effluent quality parameters at sys-
tem steady state, though some early inferences can be made in Table 10. 
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August). We identified the 4-day period from 31 July to 3 August as the 
startup period and the subsequent 7-day period, from 4 August to 10 Au-
gust, as the steady-state period of the evaluation. The team evaluated sys-
tem performance by comparing measured values of specific parameters in 
influent and effluent wastewaters. We sampled influent wastewaters from 
the primary settling tank (PST) and effluent wastewaters from the stream 
exiting the second bioreactor tank. We analyzed wastewater samples for a 
number of parameters (see Appendix A). In addition, we sampled the first 
bioreactor tank to obtain pH, temperature (°C), and dissolved oxygen 
(DO) data. 

Table 10. Mean wastewater influent and effluent values determined for specific chemical and biological 
parameters. 

  
Initial Startup1 Steady state2 

Performance 
criteria3 

 Parameter Units influent influent effluent 
% 
removed influent effluent 

% 
removed 

pH -- 8.5 8.7 8.0 
 

7.3 6.5 
 

O 

BOD, 5 Day mg/L 150 49 34 31 34 22 35 T 

Carbonaceous 
BOD, 5 Day mg/L 111 21 

  
213 7 97 O 

Chemical oxygen 
demand mg/L 

 
181 106 41 106 120 -13 -5 

Coliform, fecal col/mL 
    

700 76 89 T 

HEM oil And 
grease mg/L 

  
4 

 
4 4 0 - 

Nitrogen, ammonia mg/L 
  

46 
 

38 28 27 NR4 

Nitrogen, nitrate + 
nitrite mg/L 

  
2 

 
33 51 -54 - 

Nitrogen, total mg/L 
  

124 
 

98 88 11 NR 

Phosphorus, total mg/L 
  

11 
  

14 
 

NR 

Solids, total 
suspended mg/L 130 67 45 33 16 11 33 T 

Turbidity NTU 
  

9 
 

18 14 18 NR 
1  means calculated over a 4 day period; n  =  1 to 4 

      2  means calculated over a 7 day period; n = 2 to 7 

      3  performance criteria: B = baseline, T = threshold, O = objective 

     4  NR = no requirement 

         5  '-' = not evaluated 

         highlighted means are significantly different at an α of 0.05 

     % removed calculated as (influent-effluent)/influent*100 

      

Because of a low BCIL occupancy, wastewater was generated at a lower 
than anticipated rate. Owing to this insufficient inflow of untreated 
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wastewater into the system, it had to operate largely on already processed 
effluent (i.e., recycled treated effluent). Based on the measured volumes of 
new waste generated, we estimate that wastewaters were recycled approx-
imately seven times during the evaluation period. In consideration of the 
low wastewater volumes, one could more accurately describe the steady-
state evaluation period as a “low-volume stress test.” 

The bacterial startup time was a key metric of the evaluation. Based solely 
on visual observations of the turbidity of the bioreactor tanks, inoculation 
success and sufficient bacterial growth occurred within 48 hours. The 
comparison of influent and effluent wastewaters during the startup phase; 
which showed a 31% reduction in BOD5, a 41% reduction in COD, and a 
33% reduction in TSS (Table 10); supports this observation. However, 
there is no evidence linking the bacterial inoculation to the reduction in 
wastewater BOD or COD. Chen et al. (2009) observed a 10–15% increase 
in total organic carbon (TOC) removal attributable to reactor augmenta-
tion with the same bacterial consortia used in this evaluation. However, a 
similar confirmation of inoculation success in this test would have re-
quired that the genotype of the extent microbial community be finger-
printed. Alternatively, we could have indirectly assessed the inoculation 
success by measuring the general respiratory or metabolic activity within 
the reactor tank materials. Either ways would have provided some insight 
into the value added from inoculation with the bacterial starter cultures. 

The largest concern observed during startup was that a non-expert user 
(e.g., a soldier) of the Water Phoenix needs a better method for determin-
ing when inoculation and sufficient bacterial growth on the fixed media 
has occurred, without having to conduct a BOD5 laboratory test (and wait-
ing for over 5 days to verify startup has occurred successfully from suffi-
cient BOD removal) or to rely on turbidity (as this is a not a good measure 
of successful inoculation for a fixed film system). Once the film is well es-
tablished, turbidity should decline as most of the bacteria stay with the 
biofilm. Evaluation the status of the biofilm would require direct inspec-
tion, which is not possible unless the unit is shut down and drained. One 
possible solution would be an automatically generated and monitored se-
ries of COD tests to substitute for the BOD5 test and to monitor system 
startup progress. The Water Phoenix consequently requires significant fur-
ther R&D in this area to improve startup operations to higher TRLs com-
patible with DoD use.  
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The team measured system pH, temperature, and DO four times a day 
throughout the evaluation period (Fig. 6). Daily temperature fluctuations 
were apparent and consistent, showing increases with the time of day 
(0730 to 1330). In addition, influent, effluent, and reactor water tempera-
tures appeared to stabilize during the steady-state phase of the evaluation, 
averaging 27°C in influent, bioreactor, and effluent materials. System pH 
also changed over the course of the evaluation period. Following an initial 
increase at system startup, pH decreased to a steady-state level of approx-
imately 6.5 in the bioreactor tank and effluent waste stream and to a level 
of 7.5 in the influent waste stream. The observed sharp decline in pH be-
tween 3 and 4 August did not coincide with any known changes in opera-
tional parameters.  

 
Figure 6. Dissolved oxygen, temperature, and pH monitoring throughout rapid test. 
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As previously mentioned, comparison of influent and effluent wastewaters 
during the startup phase of the evaluation showed a decrease in BOD (49—
34 mg L–1), COD (181—106 mg L–1), and TSS (67—45 mg L–1).  

Although these declines are modest, they coincide with the introduction 
and presumed growth of the starter bacterial cultures and suggest some 
active biotreatment of the introduced wastewaters. Comparison of influent 
and effluent wastewaters in the subsequent 7-day steady-state phase indi-
cated a continued biotreatment of the newly added and recycled 
wastewaters. We measured statistically significant decreases in BOD (35% 
removed) and fecal coliform counts (89% removed) (Table 10 and Fig. 7). 
We also observed decreases in TSS (33% removed), turbidity (18% re-
moved), and ammonia (27% removed) but not at statistically significant 
levels. In contrast, the system had little to no effect on COD, total nitrogen, 
nitrate and nitrite nitrogen, or oil and grease concentrations (Fig. 7). The 
lack of nitrate and nitrite removal can be attributed to the high DO con-
centration maintained in the reactor. 

 
Figure 7. Effluent quality parameters during 7-day steady-state evaluation. 
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Under the conditions tested, in which the influent wastewater was very 
weak, the quality of the effluent fell within the established baseline criteria 
for identified measure requirements; fell within the threshold criteria for 
BOD, fecal coliforms and TSS; and met objective criteria for pH and 
CBOD. The observed 7-day average effluent BOD and TSS values represent 
percent removals of only 35% and 33%, respectively. Past research using 
the same system has shown removal efficiencies of more than 80% for 
each of these two measures when processing wastewaters at a flow of 13.2 
L/min (Chen et al. 2012). We based the established performance criteria 
for this evaluation on the assumption that untreated wastes would be pro-
cessed and that the system would be working at capacity. With neither as-
sumption being met, the observed system performance is best described as 
a potential under a low-volume stress. Given the constraint of a limited 
wastewater flow and the resulting short term testing of the effluent mate-
rial, an accurate measure of the system’s overall performance, in terms of 
wastewater quality, was not possible. 

The following assessment of the Water Phoenix’s efficacy to satisfy the wa-
ter reuse parameters specified in the operational evaluation (e.g., the ef-
fluent quality parameters not specified by EPA as a minimum for 
wastewater treatment) is done by the evaluation team based on design on-
ly: 

The system as configured cannot remove nitrate from water. As long as 
there is dissolved oxygen in the wastewater, organisms will preferentially 
use oxygen over nitrate as the electron acceptor. De-nitrification, in which 
anoxic bacteria use nitrate in the place of oxygen to biodegrade organic 
compounds, would require a separate reactor in which a source of biode-
gradable organic matter is fed into the system. Nitrate in water is princi-
pally a concern for nursing mothers and small children because nitrate can 
cause methemoglobanemia. While not a significant concern in a combat 
theater, it may be important when the same systems are used to support 
relief efforts. Reverse osmosis based water treatment processes should 
remove significant amounts of nitrate and nitrite based on the size of the 
filter; but again, this would require study before using nitrate laden water 
as a feed for potable water treatment.



ERDC TR-13-1 42 

 

Table 11. System performance (steady state) graded criteria for Water Phoenix. 

Criteria sub-
group 

Criteria 
sub-sub-
group 

Test 
parameter Unit 

Actual performance 

Sources for requirements Reason for requirement/notes 
Average [or 
range] 

% reduction 
avg (if app) 

Rating: F (Fail), 
B (Baseline), T 
(Threshold), or 
O (Objective) 

Steady-state 
operations 

Effluent 
quality 

BOD5 mg/L  DNT DNT DNT Clean Water Act, Table 4-3 Unrestricted 
Reuse, EPA Guidelines for Water Reuse, 
2004 

Baseline: Average 7-day, 30-day 
concentrations that cannot be 
exceeded; avg. removal must be 
greater than 85%.  

  TSS mg/L DNT DNT DNT Clean Water Act, Table 4-3 Unrestricted 
Reuse, EPA Guidelines for Water Reuse, 
2004 

Average 7-day, 30-day concentration 
that cannot be exceeded; avg. 
removal must be greater than 85%. 

  pH -- DNT DNT DNT Clean Water Act Must be within the range of 6.0 and 
9.0 at all times. 

  CBOD5 mg/L DNT DNT DNT Clean Water Act, Table 4-3 Unrestricted 
Reuse, EPA Guidelines for Water Reuse, 
2004 

Average 7-day, 30-day concentration 
that cannot be exceeded; avg. 
removal must be greater than 85%. 

  Fecal coliform CFU/mL DNT DNT DNT Table 4-3 Unrestricted Reuse, EPA 
Guidelines for Water Reuse, 2004; 
NSF/ANSI Standard 350 

Water Reuse Requirements; states 
are concerned with total coliform; e. 
coli typically separately enumerated 

  Turbidity NTU DNT DNT DNT Table 4-3 Unrestricted Reuse, EPA 
Guidelines for Water Reuse, 2004; 
NSF/ANSI Standard 350 

Water Reuse Requirements 

  Total nitrogen mg/L DNT DNT DNT Table 4-11 Groundwater Recharge, EPA 
Guidelines for Water Reuse, 2004 

Water Reuse Requirements 

  Ammonia mg/L DNT DNT DNT Table 4-9 Environmental Reuse - Wetlands, 
EPA Guidelines for Water Reuse, 2004 

Water Reuse Requirements 

  Residual 
chlorine 

mg/L DNT DNT DNT Table 4-13 Suggested Guidelines for Water 
Reuse, EPA Guidelines for Water Reuse, 
2004 

Water Reuse Requirements; for reuse 
consider .5-1 optimal area 
concentration 

  Total 
phosphorus 

mg/L DNT DNT DNT Table 4-9 Environmental Reuse - Wetlands, 
EPA Guidelines for Water Reuse, 2004 

 

  Oil and grease mg/L DNT DNT DNT DoD 4715.05-G Overseas Environmental 
Baseline Guidance Document, 1 May 07.  

Required for monitoring purposes and 
system health estimation. 
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Criteria sub-
group 

Criteria 
sub-sub-
group 

Test 
parameter Unit 

Actual performance 

Sources for requirements Reason for requirement/notes 
Average [or 
range] 

% reduction 
avg (if app) 

Rating: F (Fail), 
B (Baseline), T 
(Threshold), or 
O (Objective) 

Steady-state 
operations 
continued 

System  Max 
wastewater 
processing 
rate 

gpd DNT DNT DNT Force Provider System requirements for 
150, 300, and 600-Soldier-sized base 
camps  

Size/occupancy rate of intended base 
camp 

  Min 
wastewater 
processing 
rate 

gpd DNT DNT DNT DoD Engineer Base Camp SMEs Size/occupancy rate variability of 
intended base camp. Min rate (~25% 
max rate) to be held for 7 days 
sustained, followed by influent rates 
anywhere between min and max 
processing rate. 

  Volatile 
suspended 
solids 

% TSS DNT DNT DNT Necessary factor to monitor IOT track 
system health over time 

 

  Dissolved 
oxygen 
(effluent) 

mg/L DNT DNT DNT Necessary factor to monitor IOT track 
system health over time 

 

  Temperature 
tolerance 
(influent) 

°C [22.4 - 28]  Other Expected influent temperatures for likely 
and less likely possible deployed location 

Due to widely anticipated DoD 
mission requirements and intended 
deployed locations. Systems can heat 
influent if necessary. 

  Temperature 
tolerance 
(ambient) 

°C [12.8 - 33.3]  Other Weather recorded data for likely and less 
likely possible deployed locations 

Due to widely anticipated DoD 
mission requirements and intended 
deployed locations. Systems can be 
heated if necessary. 
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Table 12. System performance (stress tests) graded criteria for Water Phoenix. 

Criteria 
sub-group 

Criteria sub-sub-
group Test parameter Unit 

Actual performance 

Source(s) for requirements Reason for requirement/notes 
Average 
[or range] 

% reduction 
avg (if app) 

Rating: F (Fail), 
B (Baseline), T 
(Threshold), or 
O (Objective) 

Stress 
Tests 

System Recovery (6-
hour power outage;  
time to reach 
effluent quality 
parameters) 

BOD5 hr DNT DNT DNT Clean Water Act, Table 4-3 
Unrestricted Reuse, EPA Guidelines 
for Water Reuse, 2004; DoD 
Engineer Base Camp SMEs 

Power outage scenario is a likely and 
periodically recurring scenario for 
missions requiring portable 
wastewater treatment. Average 7-day, 
30-day concentration that cannot be 
exceeded; avg. removal must be 
greater than 85%. 

  TSS hr DNT DNT DNT Clean Water Act, Table 4-3 
Unrestricted Reuse, EPA Guidelines 
for Water Reuse, 2004 

Average 7-day, 30-day concentration 
that cannot be exceeded; avg. 
removal must be greater than 85%. 

  pH hr DNT DNT DNT Clean Water Act Must be within the range of 6.0 and 
9.0 at all times. 

  CBOD5 hr DNT DNT DNT Clean Water Act, Table 4-3 
Unrestricted Reuse, EPA Guidelines 
for Water Reuse, 2004 

Average 7-day, 30-day concentration 
that cannot be exceeded; avg. 
removal must be greater than 85%. 

    Equipment/ 
procedures 
required 

anecdotal DNT DNT DNT     
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3.9.2 Operations and logistics considerations 

Based on the criteria developed in the generic evaluation guide, our team 
has evaluated a number of other parameters in the general category of op-
erations for Water Phoenix. For a succinct summary, see Table 13.  

3.9.2.1 Lift, transport, site setup and assembly 

The Water Phoenix followed the below process for transport and arrival, 
lift and emplacement, and initial site setup and assembly. We transported 
the system to BCIL using a tractor with a flatbed trailer. The team con-
ducted the following steps for ground setup (Fig. 8) before hoisting and 
emplacing the WP: 

• Ground leveling using a small dozer (surface is crushed-run gravel). 
• Hoisting down the WP with personnel guiding the sides. 
• Setting container level using wooden blocks under each corner  

 

 
Figure 8. Water Phoenix transport and ground setup. 
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We situated and connected the Water Phoenix was in the North Camp side 
for wastewater hook-up (see System Overview, Section 3.2). SHSU staff 
performed emplacement, setup, and assembly per manual guidelines (Ac-
tive Water Sciences 2010). However, the following were the general tasks:  

• Unpack the hoses. 
• Place buffer tank outside the container near the influent source. 
• Attach hoses for effluent from the bioreactor through the control then 

to the leach field tank; hook up the line from the secondary septic tank 
to the buffer tank and a hose from the buffer to the Primary Settling 
Tank.  

• Attach and hoist grinder pump into the secondary septic tank. 
• Require Licensed Electrician (staff at BCIL) to connect power supply 

for the WP 

o Install a supply line from BCIL to the Water Phoenix through a 
power meter. 

o Install ground wire and rod for each container. 

Figure 3 shows the WP with influent and effluent connections.  

As soon as the water supply was installed, the team completed the follow-
ing procedures as part of the set-up processes: 

• Connect the control panel and sensors in the buffer tank. 
• Fill up the buffer tank with influent. 
• Check the system for connection (computer communication and elec-

trical connection), and check for leaks and hardware functionality 
(pump and blower). 

3.9.2.2 Transport: shelf life  

The Water Phoenix fails to meet the baseline requirements (30 days trans-
portable or stowable at temperature ranges of −5 to 40 °C) for shelf life 
during the transport phase. The system currently uses a proprietary mix of 
startup cultures (7–10 mL of total mixture per BRT of Enterobacter, plus 
other bacteria) during a specifically sequenced startup phase (see Section 
3.9.1) to begin growing cultures on the plastic media in each BRT. These 
cultures, manufactured by AWS, come in a “pelletized” form (Fig. 9)—
prior to adding a small amount of water and wastewater to begin the bac-
teria growth phase, these are moist, grain-sized bacteria spheres. Howev-
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er, one must follow stringent handling and environmental conditions for 
these cultures to survive in this dormant state. The startup cultures have 
an expected shelf life of up to six months1

 

 if stored continuously in vials at 
refrigerated temperatures (about 5 °C). Outside these temperature ranges, 
the bacteria may not last up to or more than 24 hours. As noted during the 
Generic Evaluation Guide (Section 2), we cannot overstate the importance 
of shelf life as the DoD’s expected timelines for purchasing replacement 
cultures may take several months (and longer for remote delivery). In ad-
dition, expected timelines for movement of equipment to deployed loca-
tions can take 60–120 days, depending on the mission type, shipping 
method, location, and other factors. Consequently, the Water Phoenix fails 
to meet DoD baseline requirements for transportation and handling (shelf 
life).  

Figure 9. Individual bacteria cultures used in bacteria 
consortium for Water Phoenix startup. 

3.9.2.3  Startup: complexity  

A contracted individual or organization would have to initially start the 
Water Phoenix for a variety of reasons, including the inability to measure 
success (initially and over time) and the expertise required to infer system 
health; and therefore, the WP fails to meet the baseline criteria for com-
plexity of startup operations. The Water Phoenix begins startup proce-
dures by introducing a consortium of bacteria that rapidly grows and 
augments existing bacteria in the influent to process waste in each of the 
two BRTs. This bio-growth “startup” phase uses a proprietary bacterial 

                                                                 
1 This is a rough planning figure because of a lack of detailed information on the bacterial consortium in 

the published literature and in the various system documentation available. 
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cultures mix (introduced under carefully controlled temperature and hu-
midity conditions less than 7 days from receipt). Bacterial inoculation was 
introduced in three batches of fermentation for 3 days using the following 
pelletized bacteria consortium into each tank: 

• Enterobacter. 
• Agrobacterium. 
• Caulobacter. 
• Pseudomonos putida. 
• Gordonia. 
• Bacillus sp. 
• Pseudomonos stutzering. 

Before adding the bacteria to each of the six on-site fermentation tanks, 
the team filled the tanks with approximately 2.5 gal. of potable water, then 
aerated for 30 minutes, and added approximately one tablespoonful of 
powered fish emulsion. Each batch aerated overnight. We introduced the 
fermentation first bacterial inoculation into the BRT on 31 July, and the 
third batch was added on 1 August. The WP was considered “steady state” 
when bacterial inoculation completed and constant flow (at 10 gpm for in-
flow and outflow) occurred. We should note, however, that the system has 
no way of indicating the health over time of this bacteria consortium; and 
so there is no way for a user to determine whether this process was suc-
cessful initially (nor if there are problems later requiring another introduc-
tion of the startup cultures or another solutions to bacterial health con-
cerns) except by troubleshooting after looking at various effluent quality 
parameters from controlled lab testing (COD/BOD5, TSS, pH). 

3.9.2.4 Design: flexibility  

The Water Phoenix has a low flexibility rating for its ability to accommo-
date a variety of external factors without manual adjustments by the oper-
ator. Some of these include environmental factors (terrain and tempera-
ture changes over time), wastewater flow characteristics (changes in flow 
rates throughout the day and over time and the percentage of gray versus 
black water, including changes over time), wastewater volume and 
strength characteristics over time, and other factors. The Water Phoenix 
comes in two broad configurations: non-buffered influent when connect-
ing to steady wastewater flow and a buffered configuration (Fig. 10). 
Though the Ft. Devens evaluation tested a slight hybrid of these two con-
figurations (with a 375-gal. buffer tank and no third container with larger 
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buffer tank), the system cannot absorb large influent flow rate variations 
as tested without constant manual monitoring and adjustments to achieve 
the desired minimum wastewater contact times. The only plausible system 
configuration for DoD use would be the fully buffered (three container) 
system. We will have to conduct a longer study to determine what maxi-
mum flow rate (with flow deviations due to normal soldier operations) that 
the Water Phoenix can support in the fully buffered configuration while 1) 
producing safe effluent as detailed by the operational performance criteria 
and 2) preventing backwash, overflow, or any other problems. It is im-
portant to note that the Water Phoenix must have constant influent flow 
rates to maintain a stable system providing effective treatment; this strict 
rule will lower the daily practical volumes that the Water Phoenix can pro-
cess and, from the rapid evaluation, appears to require an operator at all 
times to adjust controls for maintaining contact time and for system moni-
toring. 

 
Figure 10. Water Phoenix broad system configuration options (non-buffered influent 

flow, left; buffered influent, right). 

3.9.2.5 Design: odor 

Because of the low amount of wastewater available during the test, we did 
not assess the Water Phoenix for the intensity of odors it generates during 
normal operations as it would have skewed an odor test heavily in favor of 
the system. A test should be conducted in the future using ASTM standard 
E679 to statistically determine the average dilution rate at which the 
“dirty” air surrounding the system in operation should combine with 
“clean” air before the average person can detect the presence of odors typi-
cal for wastewater processing (ASTM E679 2011; McGinley 2002). 

3.9.2.6 Durability: component and system 

We did not evaluate the Water Phoenix for its component and overall sys-
tem durability because of the time constraints of the overall testing period. 
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3.9.2.7 Reliability: redundancy of key components  

One positive feature related to the redundancy of key components is the 
redundancy of the two BRTs, allowing for planned or unplanned mainte-
nance on one side while enabling a 50% wastewater processing rate to con-
tinue. A more thorough evaluation would have to consider the redundancy 
of various mechanical and control systems; but from a rapid analysis, all 
control systems appear to be single points of failure. 

3.9.2.8 Reliability: component and system failure rates  

Owing to the short duration of the test, we did not evaluate the Water 
Phoenix quantitatively for component and system reliability using MTBF 
or other methodologies. 

3.9.2.9 Reliability: percentage of time operational  

We did not evaluate the Water Phoenix over a long enough time period 
(greater than 30 days) to provide a meaningful reliability estimate for per-
centage of time operational, though it is worth noting that the system re-
mained fully operational during the approximately 14-day test. 

3.9.2.10 Maintainability: scheduled maintenance complexity  

In general, the Water Phoenix is composed of mostly solid state compo-
nents accompanied by electric pumps and blowers; and consequently there 
is very little in the way of routine maintenance except at longer intervals. 
The system requires the following approximate totals for scheduled 
maintenance by category:  

1. Weekly—0 hours.  
2. Every 3 weeks (or 500 hours operation)—3–6 hours (blower and gen-

erator related maintenance).  
3. Every 1–2 months—5–10 hours (variety activities).  
4. Every 6 months—5–10 hours (blower and filter related).  
5. Annually—15–30 hours (extensive maintenance and checks requiring 

significant expertise).   

See the operator’s manual for detailed scheduled maintenance activities.  

Unlike many portable wastewater treatment systems, the Water Phoenix 
does not produce a steady flow of activated sludge. Instead, a small 
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amount of sludge will build up in each BRT and may or may not require 
periodic shut down (if so, no earlier than approximately once per 6 months 
of steady operations). Because of the EPA-mandated safe handling re-
quirements and manual labor required for dealing with this hazardous by-
products,1

3.9.2.11 Maintainability: unscheduled maintenance complexity 

 this feature is a significant advantage over systems producing a 
large amount of activated sludge (de-watered or not)  

The assessment of the unscheduled maintenance complexity of the Water 
Phoenix was beyond the scope of this assessment.    

3.9.2.12 Procedures: hazmat 

The Water Phoenix appears to pose low risk in producing any significant 
amount of hazardous materials (hazmat) from any byproducts as a result 
of the wastewater processing (from activated sludge, etc.). The system 
should be run at full design flow capacity over a longer (e.g., 6 months) 
time period to better understand what, if any, procedures one must follow 
to periodically drain both BRTs to remove unprocessed sludge (hazmat) 
which has slowly accumulated in each basin. 

3.9.2.13 Shutdown and tear-down: general  

Shutdown and tear-down procedures for the Water Phoenix follow similar 
procedures and equipment procedures to the system assembly objective—
less than 12 man-hours with no additional equipment required.

                                                                 
1 See, for instance, safe handling procedures specified in USAID, Jun 2008. 
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Table 13. Operations and logistics considerations graded criteria for Water Phoenix. 

Criteria sub-
group 

Criteria sub-
sub-group Test parameter Unit 

Actual performance 

 

Reason for requirement/notes 

Average [or 
range] 

Rating: F (Fail), 
B (Baseline), T 
(Threshold), or 
O (Objective) 

Source for 
requirements 

 Transport and 
startup 

Transport Bacteria shelf life (F Temp or as 
broad range); temp, humid, 
handling, other requirements 

days/temp 
range; 
other 

< 7d at > 5 
°C; ~ 7d at 
1-5 C ; see 
Section 
3.9.2 

F DoD Engineer 
Base Camp 
SMEs 

Shelf life requirements of any standalone materials 
(bacterial startup cultures) exist to fulfill missions such 
as disaster and emergency response, force projection 
and sustainment, and other short and longer term 
deployment missions. Shelf life for systems not 
requiring biological materials to startup the system is 
simply the entire system shelf life in dormant state. 

  Initial emplacement and setup anecdotal see write-up O   

 Startup Complexity anecdotal see write-up F   

Operation and 
maintenance 

Assembly Initial setup man-hours 5-10 O   

 Design Flexibility (performance and 
necessary system modifications at 
variety of flow rates, configurations 
based on environmental conditions) 

anecdotal see write-up B   

 Durability Component, system durability anecdotal DNT DNT   

 Reliability Redundancy key components anecdotal     

  component, system failure rates no. fail time DNT DNT   

  Operation time/total time Percent DNT DNT   

 Maintainability Scheduled maintenance complexity hr/month; 
anecdotal 

    

  Unscheduled maintenance 
complexity 

hr/month; 
anecdotal 

DNT DNT   

 Procedures Hazmat anecdotal see write-up    

Shutdown Shutdown, 
teardown 

General anecdotal see write-up       
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3.9.3 Strategic considerations 

The team evaluated the Water Phoenix against a number of other parame-
ters in the general category of strategic considerations. For a succinct 
summary, see Table 14.  

3.9.3.1 Size: container type 

The Water Phoenix meets the baseline requirements for size and container 
type, as all equipment in the buffered configuration (the only configura-
tion compatible with DoD missions) is housed in a total of three 20-ft ISO 
containers.  

3.9.3.2 Weight 

The Water Phoenix meets the threshold requirements for weight: a 32-Ton 
RTCH vehicle can lift and emplace all three 20-ft ISO containers (control 
container: 10,000 lb, treatment container: 22,000 lb, buffer container: 
10,000 lb). A worthwhile follow-on investigation would be to attempt to 
reduce the treatment container to less than 10,000 lb to make the entire 
system compatible with lifting and emplacing with a military 10,000-lb 
forklift. The current system employs stainless steel tubs in the treatment 
container for the PST and two BRTs, composing the majority of the weight 
of the container. This weight could be substantially reduced while main-
taining current capacity by investigating other non-metallic liners that 
may be used in the industry currently and that do not pose additional 
maintenance or watertight concerns. 

3.9.3.3 Peak power use and energy consumption  

The Water Phoenix consumed on average a low amount of energy (11.9 
kWh daily average energy consumption during 14-day test), with a peak 
demand during the test of 271 W. This energy efficiency is largely because 
of the gravity-fed system design after influent is pumped into the PST, 
which allows for a minimal amount of electrical components (pump, con-
trol and monitoring system, A/C, and work room-related energy require-
ments). The system is rated to operate with a 10-kW diesel generator and 
an energy efficiency rate of 1300 gal. wastewater processed per gallon die-
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sel or JP-8 used.1

3.9.3.4 Electrical: DoD compatibility  

 If the system were instead powered by prime power or 
other electrical source directly, the system would process approximately 
1200 gal. wastewater per kWh consumed, which at 2012 energy rates 
($.0999
𝑘𝑊ℎ

, averaged across industry and commercial rates in the US) would 

cost $1.19 per day to run in normal operations mode (EIA 2012). 

The Water Phoenix meets the threshold requirements for DoD electrical 
compatibility: operable and compatible with a stand-alone AMMPS 10-kW 
generator; the system requires only one connection to outside power; and 
the system is compatible with both American and European voltage, fre-
quency, and key connection types. 

3.9.3.5 Safety hazards 

The duration of the test did not allow for a comprehensive safety assess-
ment. One concern that needs to be addressed in a test over time is the 
proper procedures and associated risks of emptying the system to remove 
slowly accumulated sludge. Because the Water Phoenix does not produce a 
steady stream of sludge that needs to be handled as hazardous material 
and to be either de-watered and burned, buried, or otherwise disposed of, 
the system could pose an overall lower safety risk in this area. This is as-
suming, however, that one can conduct the infrequent system empty and 
sludge removal process effectively and that it poses an overall lower severi-
ty of risks. 

3.9.3.6 Scalability, system complexity, and cost 

The duration of the test did not allow for a comprehensive assessment of 
system scalability nor system complexity. Additionally, the lack of sup-
porting cost documentation for the system, maintenance, and other costs 
did not allow for a comprehensive system complexity assessment. 

                                                                 
1 This is a rough planning figure based only on test data over a short time period in a specific operational 

mode which, if changed, may significantly alter this fuel consumption per wastewater treatment rate. 
This figure is based on a steady 10-gpd influent processing rate observed throughout the test and the 
expected fuel consumption rate of a diesel generator rated to operate the system. The system’s energy 
efficiency rate would differ widely if using primer power or another power source, based on the average 
power draw. 
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Table 14. Strategic considerations graded criteria for Water Phoenix. 

Criteria 
sub-
group 

Criteria sub-
sub-group Test parameter Unit 

Actual performance 

Source(s) for 
requirements: Reason for requirement / notes Average [or range] 

% reduction avg 
(if app) 

Rating: F (Fail), B 
(Baseline), T 
(Threshold), or O 
(Objective) 

SWAP Size Container type ea 3 x 20' ISO 
containers 

 B  Implied requirements due to lift 
assets available to large (> BDE), 
medium (BDE) and small (partial BN) 
bases 

 Weight Weight weight/lift 
asset 
required 

3 containers: 22k, 
10k lb, 10k lb / 32 
Ton RTCH liftable 

 T  Lift assets available to large (> BDE), 
medium (BDE) and small (partial BN) 
bases 

 Power Peak power use W 271  TBD   

  Daily energy consumption kWh 11.9  TBD   

 Electrical DoD electrical compatibility anecdotal see write-up  O   

Safety Illness, 
safety risks 

Hazards: airborne, equip, 
connections, activated 
sludge, illness and 
exposure, other 

various DNT  TBD   

Other Scalability Cost, difficulty to increase 
capacity 

$/gpd 
processing 
increase 

TBD TBD TBD   

 System 
complexity 

Complexity to operate comparative moderate to high 
complexity 

(dedicated, 
trained soldiers 
required to 
operate in current 
state) 

F   

 Cost Unit cost $/system TBD  TBD   

  Other costs (replacement 
parts, cultures, other) 

various TBD TBD TBD   
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4 Conclusions 

ERDC developed a comprehensive evaluation plan for small unit level 
wastewater treatment systems intended for use by the DoD and used the 
plan to evaluate the first available system—the Water Phoenix—in a rapid, 
non-exhaustive study. The evaluation plan focused on three primary di-
mensions; system performance, operations and logistics considerations, 
and strategic considerations; to develop a comprehensive assessment of 
both system capabilities and compatibility with the various intended mis-
sion areas. The team evaluated the Water Phoenix against parameters in 
each dimension to quantify performance capabilities and to create a base-
line for possible further TRL research and development of the Water 
Phoenix or of other portable wastewater treatment and water reuse tech-
nologies and systems. 

The key strengths of the Water Phoenix are the following: 

• Modular and scalable to large flow rates (with the current configura-
tion likely reliable at Force Provider Systems 600-Soldier base camp 
flow rates of 15,000–20,000 gpd since the Water Phoenix is designed 
for up to 25,000 gpd with assumed steady flow rates). 

• System started up successfully even with higher than normal septic 
(anoxic) influent conditions.  

• Compatible packaging for transportation and durability requirements. 
• Low power usage and DoD compatibility (AMMPS 10-kW generator 

compatible). 
• Low activated sludge production (still needs to be tested over time) as 

compared to similar systems requiring weekly sludge removal, de-
watering, or disposal. 

The key weaknesses of the Water Phoenix are the following: 

• Weight (RTCH liftable but not liftable with a 10,000-lb forklift) implies 
the Water Phoenix is an asset for a Brigade or higher. 

• Shelf life for startup operations fails baseline (to resolve, take action to 
estimate R&D timeline and the scope of an effort to improve to base-
line). 
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• Overall system complexity fails baseline for DoD use (without contrac-
tor operation). 

• System health and performance monitoring is non-existent, requiring 
significant further R&D to provide a system with “green-amber-red” 
light real-time status based on composite indicators monitored inter-
nally in an automated fashion. 

• System is not designed to perform optimally against the water reuse 
parameters. The system was designed to meet a small form factor and 
footprint, with the primary tradeoff of avoiding the multiple stage pro-
cess (and the additional space) required for nitrification and de-
nitrification typically needed to lower nitrogen, ammonia, phosphorus, 
and oil and grease (the primary water reuse parameters). 

• System has insufficient auto-controls to account for influent flow devi-
ations (buffer tank system setup is insufficient for larger deviations 
over time). Further development would be required for the system to 
auto-adjust flow rates over time to accommodate both short and long-
term changes to wastewater flow rates. 
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5 Recommendations 

There are a variety of testing modifications that should be made in the fu-
ture to provide a reliable testing environment and to ensure one can ade-
quately observe all desired test parameters.  

While the current test allowed for a quick look at Water Phoenix, time and 
financial constraints prevented the test’s ability to definitively judge steady 
state by stress testing over time periods required by the EPA. The next 
testing should increase the time to do at a minimum 30-day steady-state 
testing in addition to stress tests, startup, tear-down, and other activities.  

Additionally, future portable wastewater testing should be divided into two 
parts: small to medium base testing (to accurately assess “other operation-
al and strategic” parameters) and municipal testing (to avoid schedule and 
wastewater flow issues).  

The following is a list of base options that should be considered for the 
small to medium base testing section of follow-on efforts: BCIL, Ft. Leon-
ard Wood CBITEC (once operational), Buckner, Natural Bridge (USMA), 
NTC (hot weather stress test, major issues with scheduling potentially), 
JRTC (major issues with scheduling potentially), and USARPAC.  

A number of other follow-on activities should be conducted to best use the 
current and future testing and results. First, the generic and specific eval-
uations can be made more meaningful and practical for future systems’ 
comparisons by weighting test parameters (and clearly articulating the 
weighting parameters along with the rationale used). In addition, a paper 
study should be undertaken to generate a list of best current technology 
and supplier options for further DoD development. ERDC/CERL has be-
gun looking at best current technology and suppliers and is one possible 
source to continue investigating this activity. One would shorten this list 
by using the generic evaluation guide to develop a request for quote (RFQ) 
or similar data call method from the industry, ranking the best current op-
tions for further DoD investment and development. If the Water Phoenix 
(or other systems) meets consideration in these rankings, then consider a 
longer evaluation period as outlined in previous sections 
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Appendix A: Laboratory Test Data (Water 
Phoenix) 

 

a U/A: Unacceptable or invalid due to background bacteria at less than 200CFU/100mL. Analysis performed by 
Microbac Laboratories, Worcester, MA. 

b Analysis performed past the required 15 minutes of collection and holding time. 
c Analysis performed by Microbac Laboratories, Worcester, MA.  
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