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Executive Summary

Studies have shown the USAF spends more than $1.5 billion annually in direct weapon systems
corrosion maintenance costs, with Aerospace Ground Support Equipment (AGE) contributing nearly
$70 million to those costs. AGE permanently assigned to the Southwest Asia Area of
Responsibility (SWA AOR) is experiencing significant corrosion from exposure to salt-laden sand
and condensation. This situation is compounded by limited or very ineffective cleaning equipment
and questionable water quality and availability.

The objective of this project was to evaluate and implement a rapidly deployable and re-deployable
mobile clear water rinse system to protect AGE from the harsh conditions in SWA. This system is
a modular system that can be scaled to a closed-loop system that only needs an initial water
charge and small recharging (depending on capture efficiency), plus a power source (generator or
commercial power) to operate.

Water quality that is unsuitable for AGE washing operations is a documented problem in much of
the SWA AOR, as well as other facilities, even in the CONUS. Initial water quality has to be
improved prior to use to meet minimum standards set forth by USAF for cleaning aircraft and AGE.

A deployable clear water rinse system with recycle capability will remove contaminants from source
water and maintain wash water quality. Rinsing with water is the most effective method to remove
contaminates and corrosive sand from equipment and allow the USAF to save scarce Operational
& Maintenance funds on unnecessary AGE replacements.

The Air Force Corrosion Prevention and Control Office (AFCPCO) selected the Cyclonator IlI
system from Riveer Corporation, St. Joseph MI., as it best met several critical project parameters.
The system is comprised of a modular wash rack, a filtration system (able to recover the wash
water from the modular rack) and a high pressure washer and canon for washing the equipment.
The system was modified slightly to accommodate deployment to SWA AOR.  All of the operating
equipment is housed in a standard side-opening ISO container which has been modified to included
provisions for water conservation and survival of components in extreme heat and dusty
environments. The system is optimized to clean with hot water/pressure only as no soap is used.
Current emulsifying Mil-Spec cleaners would not perform well in the system as configured.

The system did not achieve a 100% close loop capability, although, it would be doubtful any
commercial-off-the-shelf (COTS) equipment would meet this requirement. It achieved close to 84%
water conservation during the project test phase. A simple configuration change of the modular
wash pad could increase water conservation to over 90% or better.

The procured system installed at Holloman AFB has shown the viability of the components for both
water savings and water quality. Multiple operators with minimal training have been running the
system through a variety of environmental conditions, including high heat desert conditions, rainy
season, and below freezing temperatures.

The system has proven it can raise the quality of inlet water to meet current T.O. 1-1-691 water
parameters and process the wash water without any input from the users. It will provide on-
demand very high pressure (13 gallons per minute (GPM) water cannon) and heated high pressure
(4 GPM) flow wash water to the users and remove any contaminants off the surface.

Although maintaining this system would require significantly more man hours versus what typically
is found with wash processes for support equipment, the savings in water use and man-hours in
eliminating spot cleaning could significantly outweigh any of the additional programmed
maintenance.



1.0 Background

The SWA AOR contains varied climatic conditions. The conditions range from seasonal high winds
and high humidity to arid areas and low winds. In many locations, there are anion-laden soils that,
when combined with aggressive sand storms, can spread throughout the SWA AOR. The extent
that sand and dust can penetrate equipment is dependent on many variables. Some examples are
wind speed and direction, size of the dust particles, site protective shelter availability, limited
equipment design that allows for tightly sealed doors and panels, and other factors affecting the
ingress of the dust and/or sand. Although sandstorms are usually seasonal, the relative calm
periods still produce usually significant airborne dusts noted by the interviewees and the SWA team
during the on-site assessment as a general atmospheric haze.

The current SWA AOR consists of varied regions from Afghanistan to South Africa that also include
varied climatic and environmental conditions. A desert environment is largely typical of the SWA
AOR with the exception of coastal areas and regions with bodies of water close by such as rivers,
streams, and lakes. Due to the low humidity, the arid areas of SWA AOR tend to retard the
corrosion. However, flights over bodies of water, coastal areas, or SWA areas with higher humidity,
recurring fog, and overnight condensation provide the moisture to extract the soluble anions
necessary to develop the electrolytes for corrosion initiation and propagation.

Even in arid areas, humidity is usually present. During the daylight hours, the equipment stored
outdoors will normally heat up causing expansion of panels allowing hot moist air to migrate into
enclosed areas or under non-permeable top covers. When the equipment cools, the moisture
condenses and combines with the fine dust particles settling on the metal surfaces increasing the
potential for corrosion.

The fine sand and dust can also fully or partially block the cooling ports and filters of electronic
equi pment as t he dusts opesation rAglditionally, the $agd particles afe afn 6
varied hardness and shape. Sharp angular sand particles can migrate into wiring bundles where
the vibration caused by equipment operation can result in abrasive action between the wires
damaging the insulation.

The fog generated condensation, or early morning dew, which was significant enough to not only
completely wet the exteriors of aircraft, support equipment and vehicles, but also dampened the
surrounding soil sufficiently enough thatitwo ul d A ¢ a k e @ncetthe gquipnheatris.covered
with the condensation, it would flow to the lowest level on the equipment such as the bottom sides
of aircraft wings, and fuselages, bottoms of vehicles and support equipment. This condensation
flow would dissolve soluble materials as it flowed to the lowest level. Normally shaded, these areas
are usually the last to dry during the day allowing more contact time with the anion-laden water and
the metal surfaces. Figure 1 illustrates the typical fog/condensation generated water flow path seen
on equipment during the SWA assessments.



Figure 1 - White Streaks Indicate the Typical Condensation Flow Path from
Top to Bottom

Most of the SWA locations exhibit high concentrations of sulfates and chlorides. The corrosive
effectsat SWAar e very similar to the iédnproneHozatian®ftPatrickno st s e v e
AFB FL. The higher concentration of sulfate and chloride in the SWA samples signifies that the
sand and dust found in the SWA returned equipment and at the main SWA support bases to be
much more corrosion prone than previously thought. The corrosion rate of most metals is strongly
affected by the concentration of chlorides on a metal surface. The chlorides have hygroscopic
properties allowing the chlorides to absorb the humidity/water vapor that in-turn will contribute to the
creation of an electrolyte (electrically conductive) layer on the metal. If the exposure is continual or
if the contaminates are not removed, the dissolved chlorides provide the liquid with an even higher
chloride concentration which can exacerbate the ever present corrosion potential. Atmospheric
corrosion along with a chloride-containing atmosphere also increases with temperature which has a
definite impact for the hot areas of SWA AOR. Effective and thorough removal of the anion-laden
sand and dust is a prerequisite to preventing and controlling corrosion on any deployed equipment.

2.0 AFCPCO Position of Recycle Systems

AFCPCO has never embraced the use of recycle systems. In fact, we have always highly
discouraged the use of any recycle wash system on aircraft and support equipment. Prior to
operations in SWA AOR, maintenance units at Air Force installations had access to an almost
unlimited amount of quality water. The wash water waste effluents typically emptied into an oil
water separator and continued into the local municipal wastewater treatment facility. There has
never been a documented case, to the AFCPCO knowledge, of an Environmental Protection
Agency (EPA) Notice of Violation (NOV) for creation of hazardous waste from aircraft wash
operations. Therefore, there was never a need or a requirement to recycle the wash water.

However, some years ago, the Pollution Prevention (P2) community, in an effort to make these
wash oper at i on sossibly mreeuzinge poltutionh pought many of the early recycle
systems. These systems in about every installation were dismal failures. The P2 community
bought the system and, at best paid the manufacture for installation. At worse and in most cases,
the users had to install it themselves. AFCPCO received reports of systems, for example, where
the filters were installed backwards, components wired incorrectly, and a multitude of other
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installation problems. Another contributing factor for the poor performance was inadequate
maintenance of the system due in part to the system being too complex for the user to properly
maintain. There were never sufficient funds available for user operator training, required
maintenance procedures, or replacement parts.

3.0 The Selection Process:
To select a piece of equipment to validate the project, we used the following criteria.

1. History of Air Force/Commercial use
2. Construction Design

3. Wash Pad Characteristics

4. System Complexity

5. Size

6. User friendly

7. Cost

History of Air Force/Commercial use: Although not a specific requirement for the selection process,
it would be ideal if an existing system was operating at an Air Force location. However, our office
also looked at what was being used successfully in similar operating conditions in the commercial
environment.

Construction Design: A system consisting of COTS components used in the wash rack industry.
Since this equipment would be operating in the same severe environment as the support
equipment, only systems designed to operate in these environments would be eligible to be
evaluated. Since facilities space is at a premium in SWA, and coupled with the severe operating
conditions, it was determined the equipment should be housed in an ISO container. This would
enable the system to be built, tested, and certified by the manufacturer and allow it to be shipped to
its final operating location in a ready-to-use configuration.

As noted in previous SWA surveys, electrical circuits are prone to anomalous electrical problems
due to the extreme dust/sand environment. To eliminate or reduce these problems, every electrical
switch/component would be housed in a National Electrical Manufacturers Association (NEMA) 4
enclosure. NEMA 4 enclosures constructed for outdoor use protect the enclosed equipment from
rain, windblown dust, hose-directed water spray, etc. They also provide a degree of protection to
personnel against incidental contact with the enclosed electrical equipment.

Every motor would have total branch circuit protection. This circuit would consist of dedicated
fuses, contactor, and a thermal protector. Typically found in many systems are just a contactor and
full voltage switch. Full voltage switches are prone to numerous problems in dusty environments.

To further validate the electrical performance/safety of the equipment, certification from a third party
inspector; either Underwriters Laboratories (UL) or TUV was required.

Wash Pad Characteristics- The wash pad design had to withstand a wide range of weight loads
depending on the type of equipment to be wash. Like the system itself, it had to be resilient to the
austere conditions. Therefore, any pumps needed to move water/contaminates should not be
located at the wash pad but rather be housed in the 1ISO container. Operator controls should be
very basic. A simple on/off switch with a system health indicator to display condition of equipment
housed in a NEMA 4X enclosure would be the minimum requirement.

System Complexity - The system design had to be robust enough to operate successfully with the
least amount of user maintenance. No complex chemical processing would be considered due to
past failures of similar recycle systems in the Air Force. Various levels of simple mechanical
filtration, coupled with a maintenance-free disinfection system were determined to have the best
chance of success.




Size - The shipping footprint of the system had to be small as possible to facilitate shipment by
aircraft.

User Friendly - Operators of the system had to be able to use the system with a minimum of
training. AFCPCO wanted the process as simple as turning the system on and pulling the trigger of
the wash wand.

Cost i Finding the lowest costing system was not a determining factor for selection nor desired. To
ensure system reliability, only first-rate components designed for continuous industrial-like 24/7 use
and superior manufacturing processes determined to operate successfully in SWA AOR conditions
would be considered.

After reviewing several capable candidate systems, the Cyclonator Ill from Riveer Corporation
located in St. Joseph Michigan best met the project requirements (see Figure 2). The system was
modified slightly to accommodate deployment to the SWA AOR. The modifications included
provisions for water conservation and survival of components in extreme heat and dusty
environments. This system is capable of operating in both high and low temperature conditions.
Riveer Corporation has been building filtration systems since 1996. The selected system design
used for this project has been in use since 2003.

Figure 2 - Inside view of the Cyclonator Ill Equipment (Prior to
shipment to Holloman AFB)



4.0 System Installation

The system was installed at Holloman AFB in April 2007. The installation process required three
days, with the majority of assembly time needed for the modular wash pad. When the AFCPCO
initially discussed the system requirements with Riveer, it was determined the wash pad should be
enclosed on 3 sides to help prevent water loss. However, once the AGE Flight personnel saw the
completed wash pad installation, they said a drive-through capability was required, since the
majority of the equipment must be towed onto the rack and cannot be backed-up. The AFCPCO
agreed this was a valid requirement, so the wash pad was modified (wall removed see figure 4) and
additional ramps were installed.

04/27/2006

Figure 41 Wash pad installed on
unimproved site

No commercial power was initially available when the system was installed. A 30 KW MEP-805
generator was used to power the system. However, it failed to meet the needed output and shut
down due to an under-voltage condition. It was replaced with a 60 KW (MEP-806A) generator (see
figure 5) that performed flawlessly. To extend the run time of the generator, the 49MXS personnel
connected a 400 gallon fuel bowser and allowed the unit to run for approximately two to three days
(continuous duty).  With better power management designed into the system (a longer duration
soft start for the water cannon motors, for example), the 30 KW generator could be used if the
larger units were not available. Commercial power was eventually connected to the system in
September of 2007. The short period of performance with generator power showed that generators
can be reliably used to power the rinse system in SWA AOR locations until provisions are made for
commercial power.

As expected, the water quality at Holloman AFB was less than ideal. The tap water was tested
using a portable TDS (total dissolved solids) meter and a reading of 1100 parts per million (PPM)
was noted. The reverse osmosis (RO) system was able to drop the number significantly to around
70 PPM



Figure 5 7 MEP-806A Generator used for
initial powering of equipment

Equipment:

The system is comprised of a modular wash rack, a filtration system able to recover wash water
from the modular rack and a high pressure washer and canon.

The wash pad is modul ar . I't comes in 606clean-out86 segme
trough along one side of the rack. The pad is completely above ground and the steel construction
is designed to support loads of 15,000 per wheel. The pad is constructed of steel with a two-part

pol yurethane protective coating. Drive on/ off ramps
the pad and will accommodate all of the equipment in the AGE inventory, including multiple wheel
width combinations found with truckt owi ng trai l er s. The ramps only ri:

support equipment can easily climb onto the wash pad.

Figure 61 Aircraft Jacks being washed
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