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Eval uation of Autonatic Aqueous Parts Washers

1. Purpose. The purpose of this Public Wrks Technical Bulletin
(PWB) is to transmit an evaluation of automatic aqueous parts
washers, sonetines called "jet washers" currently in use at
mlitary installation.

2. Applicability. This PWB applies to all US. Arny facilities
engi neering/ public works and environnental activities.
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d. Nat i onal Defense Center for Environnmental Excell ence,
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f. "Gaps in Agqueous O eani ng Research,"” Aqueous C eaning
Technol ogy Review (Pacific Northwest Pollution Prevention Research
Center, May 1996).
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Agency [USEPA], Washington DC, August 1995).

j]. "ODS-Free Metal Ceaning Overview, " Pollution Prevention
Techni cal Library (Miintained by the Naval Facilities Engineering
Service Center [NFESC], March 1996).

k. Ohio Environnental Protection Agency (EPA), Pollution
Prevention Alternatives for Ozone Layer-Depleting Solvents in
Metals Parts Cleaning, Fact Sheet Nunber 8 (Ohio EPA, February
1993) .

. Scham sso, Andrew, "Alternatives to Vapor Degreasing,"
Ameri can Machinist, vol 136, No. 10 (Cctober 1992), pp 65-67.

m  "Techni cal |ssues and Agueous C eani ng Systens,"” Agueous
Cl eani ng Technol ogy Revi ew (Pacific Northwest Pollution Prevention
Research Center, My 1996).

n. "Two Basic Approaches to Agueous Cl eani ng-Batch Process
and Continuous Process," Wsconsin Departnment of Natural Resources
(WDNR) Fact Sheet (WDNR, April 1997).
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4. Di scussi on.

a. Cleaning is a necessary procedure in mlitary equi pnment
mai nt enance and repair. This activity occurs at all |evels of
Arny vehicle maintenance. |In the past, solvents have been used to
clean oils and greases, soils, inorganic salts, and foreign
particles frommanufactured materials or parts. However
i ncreased awar eness of the health, safety, and environnental
i ssues surroundi ng the use and di sposal of solvents has stinul at ed
a search for alternatives.



PWB 420-46-11
15 January 1998

b. Mny parts cleaning practices that once relied on
petrol eum based sol vents can al so be done w th aqueous cl eani ng.
Aqueous parts washers are often pronoted as a pollution prevention
alternative to traditional petrol eum based sol vent parts washers.
Aqueous parts washers have been used for decades to neet cleaning
needs in the manufacturing environnment, and they are rapidly
repl aci ng sol vent cleaning systens and steam cl eaners for
out-of -franme cl eaning of |arge parts and engi nes.

c. Unlike petrol eumbased sol vents, which depend | argely on
their ability to dissolve organic contam nants, aqueous cleaning
uses a conbi nati on of physical and chem cal properties to displace
soil froma substrate (Menke et al. 1995). Aqueous cl eaning
solutions use water as the primary solvent. A conbination of
wat er conditioners, detergents, and surfactants are added to
pronote better cleaning of the netal object. In addition, special
addi tives such as builders, pH buffers, inhibitors, saponifiers,
enul sifiers, and defl occul ants can be added to neet the desired
cl eaning requirenents (GChio EPA 1993).

d. Aut omati ¢ aqueous parts washers rely on both chem cal
and physical properties to clean autonotive and equi pnent parts.
They act nmuch |Iike a di shwashers, although sonetimes nuch | arger
in size. Dirty parts are usually placed in a |arge steel, nesh
basket, or turntable. The turntable is nechanically rotated while
a stationary spray nozzle mani fold provi des 360-degree spray
coverage. As the turntable rotates, the parts are washed from al
angles with a hot (140 to 200 °F) bi odegradabl e detergent and
water solution. Al units are self-contained; the washers are
cl osed | oop. The washwater (or rinsewater) is recycled. There is
no di scharge while washing with a parts washer until the unit is
conpletely cleaned and the water replaced. Parts Washers at
selected Arny installations for which data was obtai ned, were
typically used in autonotive applications: cleaning engine
bl ocks, cranks, heads, carburetors, transm ssion parts, wheel
beari ngs, etc.

e. The results of this study show that users are generally
satisfied with the performance of these washers and that the
washers are relatively | ow mai ntenance. However, the foll ow ng
shoul d be consi dered:

i. Wen conbined with spray nozzles and hot water,
aqueous cl eani ng sol utions provide adequate sol vency. Most users
were satisfied with the automatic parts washer cl eaning
capability. Some pre-cleaning nay be required, however, if the
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parts are extrenely dirty.

ii. Users nust consider the types of parts to be
cleaned in any application before deciding on a sol vent
substitution. Automatic aqueous parts washers produce little
corrosi on and sel dom danmage parts, but if the parts to be cl eaned
have sensitive seals or are made of netals that wll etch or pit
easily, another alternative should be chosen.

iii. Installations nust specify electrical and pl unbing
requi renents when ordering equi pnent. Lack of details may result
i n unexpected, expensive building nodifications.

iv. In general, automatic parts washers are easy to
operate. However, |ow | evel maintenance is needed, sonetines on a
daily basis. This can include nonitoring water |evels, greasing
hi nges, and adj usting cl eaner concentration. Shops with | ow
enpl oyee turnover may be better equi pped to maintain the washers.

v. Periodic cleanouts are required as part of washer
mai nt enance. These can be tine consum ng and sonetinmes costly,
but generally only need be done once or tw ce per year.

vi. Sedi nent and/or wastewater renoved from washers
during cleanouts may be a hazardous waste and nay require special
handling for disposal. Even if not determ ned to be hazardous,

speci al handling may be required due to high levels of oils and
grease. The costs of this disposal should be taken into account
when deci ding on solvent replacenent alternatives. Wastewater may
exceed limts for discharge to sanitary sewer systens.

vii. Keeping pH at acceptable levels (10 to 10.5) may
decrease heavy netal solubilization, therefore possibly preventing
the wastewater from becom ng a hazardous waste.

f. Appendix A includes nore detailed information on this
eval uati on.

5. Points of Contact. All questions and/or coments regarding
this subject that cannot be resolved at the installation or MACOM
| evel should be directed to the U S. Arny Center for Public Wrks,
CECPWES, 7701 Tel egraph Road, Al exandria, VA 22315-3862, at
(703) 806- 5206, DSN 656, or FAX (703) 806-5216, for M. Crispus
Sawyer (e-mail: cris.e.sawer@pw0l.usace.arny.ml); or the U S
Arny Construction Engi neering Research Laboratories at (800) USA-
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CERL, extension 3389, FAX (217) 398-5564, for Mchelle J. Hanson
(e-mail: mhanson@ecer.army.ml).

FOR THE DI RECTOR:

FRANK J. SCHM D, P.E
Di rector of Engineering
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APPENDI X A
| NTRODUCTI ON
6. Background.
a. Inthe mlitary, it is essential to maintain vehicle and

equi pnent readiness. Parts cleaning is a necessary procedure in
equi pnrent mai ntenance and repair. This activity occurs at al

| evel s of Arny vehicle maintenance. |In the past, solvents have
been used to clean oils and greases, soils, inorganic salts, and
foreign particles frommanufactured materials or parts. Methylene
chl oride, perchloroethylene (PCE), trichloroethylene (TCE), and
1,1, 1-trichl oroethane (TCA) have been the traditional chlorinated
degreasi ng sol vents used in cleaning processes. However,

i ncreased awar eness of the health, safety, and environnental

i ssues surroundi ng the use and di sposal of solvents has stinul ated
a search for alternatives.

b. Many parts cleaning practices that once relied on
petrol eum based sol vents are being done with aqueous cl eani ng.
Aqueous parts washers are often pronoted as a pollution prevention
alternative to traditional petrol eum based sol vent parts washers.
Aqueous parts washers have been used for decades to neet cleaning
needs in the manufacturing environnment, and they are rapidly
repl aci ng sol vent cleaning systens and steam cl eaners for
out-of -frame cl eaning of |arge parts and engi nes.

c. Regul ations governing the use of chlorinated degreasing
sol vents and t he degreasi ng process have been a major driver in
pronoting the application of alternative cleaners and cl eani ng
systens for degreasing. Anong the nost recent regul ations for
chl orinated degreasing solvents is the National Em ssions
Standards for Hazardous Air Pollutants (NESHAP) pronul gated in the
Clean Air Act. The NESHAP, finalized by the U S. Environnental
Protection Agency (USEPA) in Novenber 1994 and set to go into ful
effect in Decenber 1997, sets maxi num achi evabl e contr ol
technol ogy (MACT) standards for owners and operators of
hal ogenat ed sol vent cl eaning machi nes. The MACT standards cover
bat ch vapor sol vent cleaning machines and in-line sol vent cleaning
machi nes, and are designed to regulate the em ssions of nethyl ene
chl oride, perchloroethylene, trichloroethyl ene, carbon
tetrachl oride, and chloroform (Menke et al. 1995). Under the
NESHAP, users will be allowed to clean parts wth these
nonozone-depl eting solvents as long as em ssions are |ess than
allowable imts (Koel sch 1995).
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d. The USEPA has established a deadline for the elimnation
of several solvent alternatives because they are considered
hazardous air pollutants, ozone depleting, and present safety
concerns such as flammability or toxicity to humans (Adans 1997).
As of 1 January 1996, the toughened Clean Air Act banned
production of industry's two nost popul ar cl eani ng sol vents,

CFC- 113 and 1,1, 1-trichloroethane (methyl chlorofornm), and wll
prohibit their use after 1 January 2003 (Koel sch 1995).

e. Unlike petrol eumbased sol vents, which depend | argely on
their ability to dissolve organic contam nants, aqueous cleaning
uses a conbi nati on of physical and chem cal properties to displace
soil froma substrate (Menke et al. 1995). Aqueous cl eaning
solutions use water as the primary solvent. A conbination of
wat er conditioners, detergents, and surfactants are added to
pronote better cleaning of the netal object. In addition, special
addi tives such as builders, pH buffers, inhibitors, saponifiers,
enul sifiers, and defl occul ants can be added to neet the desired
cl eaning requirenents (GChio EPA 1993).

7. pjective. The objective of this research was to eval uate
automati c aqueous parts washers, sonetines called "jet washers”
currently in use at U S. Arny installations.

8. Approach.
a. Researchers reviewed available literature pertaining to
automatic parts washer technology. Information fromthis review

was then conpiled and summarized. O particular interest was a
report summari zing findings fromlaboratory studies on sol vent
alternatives perfornmed by the U S. Arny Tank Autonotive RDE
Center, at the Mbility Technol ogy Center, at Fort Belvoir, VA
Results fromthis | aboratory analysis are conpared with U S. Arny
Construction Engi neering Research Laboratories (USACERL) field
data findings throughout this report.

b. After conpleting the literature search, researchers
eval uat ed exi sting operational experience by collecting data such
as cleaning effectiveness, operations and mai nt enance (QO&M
probl ens, equi pnment purchase and start-up costs, |abor savings,
and environnental costs such as hazardous material handling and
hazar dous waste disposal. This information was gathered in two
di fferent ways:

A-2
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i. A survey was devel oped that contai ned questions
pertaining to the use and upkeep of autonmatic parts washers. This
survey was faxed to Directorate of Public Wrks (DPW
Environnmental O fices at Arny installations across the country.

ii. Site visits were conducted by USACERL researchers.
During these visits, both personnel at the DPW Environnent al
O fice and mai ntenance personnel (those operating the washers)
were interviewed.

iiti. Atotal of 18 installations were queried regarding
use of automatic parts washers. Three of these installations had
no parts washers on post. Two installations did not respond. One
installation provided brief information in a tel ephone interview.
O the remaining 12 installations, five were visited by USACERL
researchers and seven provided input via witten surveys.

9. Scope. Only those washers that use high pressure and hot
water in addition to the aqueous cleaner were evaluated. O her
types of aqueous-based parts washers were beyond the scope of this
st udy.

10. Descripti on of Equi pnent.

a. Automatic aqueous parts washers rely on both chem cal and
physi cal properties to clean autonotive and equi pnent parts. They
act nmuch Iike a dishwashers, although sonetinmes nuch larger in
size. Dirty parts are usually placed in a |l arge steel, nesh
basket, or turntable (both are referred to in this report as the
"turntable"). For placing |arge, heavy itens on a turntable,
parts washers can be equi pped with a | oading boom The turntable
is nmechanically rotated while a stationary spray nozzle manifold
provi des 360-degree spray coverage. As the turntable rotates, the
parts are washed fromall angles with a hot (140 to 200 °F)
bi odegr adabl e detergent and water solution at a rate that can vary
fromb50 to 250 gallons per mnute (gpm.*

b. The nmechanical agitation of the parts provided by the
rotating turntable, the force of the spray jets, the heat, and the
detergent conbine to strip oil, grease, carbon, etc., fromthe
parts. The spray manifold can be mani pul ated and customjetted to
provi de the best angle of inpact for the type of parts being
cl eaned. For exanple, sone manufacturers provide special fixtures
that screwinto the manifold to clean aircraft wheels.
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c. Access to the turntable is usually provided either
t hrough a top-Ioadi ng, hinged door (manual or hydraulic), comon
on smaller units, or through a side access door that sw ngs w de
hori zontal ly, common on larger units. Wth the side-opening
access, the turntable usually travels on a heavy duty carri age
that allows the turntable to be pulled out for easier |oading. The
turntabl e can al so be pulled out onto the floor for | oading.

d. Al units are self-contained; the washers are cl osed
| oop. The washwater (or rinsewater) is recycled. Enhancenents
such as filter bags are often used to inprove water quality
bet ween cl eanouts. There is no discharge while washing with a
parts washer until the unit nust be conpletely cleaned and the
wat er replaced. Q1 and grease are renoved fromthe cl eaning
solution via an oil skinmrer apparatus. QI is channeled to an
out side holding container for collection later and renoval.

e. The standard power source requirenents usually range from
120 to 220V, single-phase, for smaller units. Facilities wred
for supplying the standard 208V nay encounter problens wth the
| arger units, which may require at | east a 220V, three-phase
supply. The larger units usually have notors or drives rated at
230V.

f. Mst units have optional available features. Automatic
controls such as tiners or water feeds free up operator's tinme. A
fresh water rinse cycle is an option nost manufacturers offer.

The rinse cycle option would be needed, for exanple, to neet the
cl eanliness standard for parts for Non-Destructive |Inspection
(NDI'), which requires that no residue remain on the parts after
washi ng.

g. Equipnment at selected Arny installations for which
USACERL researchers obtai ned data was typically used in autonotive
applications: cleaning engine blocks, cranks, heads, carburetors,
transm ssion parts, wheel bearings, etc. Tank size of the
machi nes ranged from 75 to al nost 600 gal and the wei ght capacity
of the baskets or turntables range from 200 to 5000 |b.*

h. Appendix B includes a list of manufacturer's of automatic
parts washers. This list is not nmeant to be inclusive, nor should
a manufacturer's appearance in the |list be considered a product
endor senent .
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11. Cl eani nqg Effectiveness.

a. Perhaps the nost inportant aspect to eval uate when
consi dering solvent substitutes is how effective the alternative
process is at cleaning the parts. Vehicle and equi pnent parts
must be clean so that they can be inspected, repaired, or
replaced. These parts usually contain |arge quantities of oils,
grease, soil, and/or carbon deposits, which nust be renoved
w t hout adversely affecting the parts. An alternative that does
not adequately clean, or one that danmages parts during the
cl eani ng process, is unacceptable.

b. Sol vency

i. Agqueous cleaning solutions are nmuch nore limted in
their ability to renove contam nants by chem cal action alone than
their solvent counterparts. For this reason, aqueous cleaning
nmust be suppl enented by mechani cal action and increased
tenperature. Were the contamnants to be renoved are especially
thick or insoluble, |arge anmounts of nechanical action can be
required. For delicate parts contamnated with thick grease or
ot her simlar conpounds, the useful ness of aqueous cleaning
systens can be significantly Iimted.

ii. As part of the surveys and site visits conducted
during the USACERL eval uation, users of automatic parts washers at
mlitary installations were questioned regarding their
satisfaction wwth the cleaning ability of their automatic washers.
They were al so asked if significant pre-cleaning (steam ng or
scraping parts, brushing with solvent, etc.) was necessary to
ensure that parts get clean. The majority of users (83 percent)
reported being satisfied with the cleaning effectiveness of the
automati c washers. Roughly half of all users report performng
sone type of pre-cleaning (i.e., scraping, steam ng, etc.).
However, this was generally done only if the parts were very
dirty, and woul d probably be done with any type of parts cl eaning,
sol vent or otherw se.

iti. From 1994 to 1995, the Fuels and Lubricants
Division of the Mdbility Technol ogy Center at Fort Bel voir
conducted a study to determ ne requirenents and constraints for a
general purpose cleaning solvent that would replace P-D- 680, dry
cl eani ng and degreasing solvent, and still neet mlitary needs.
Comrerci al sol vents, including aqueous cl eaners, were tested in
the | aboratory to determ ne their conformance w th needed
requi renents. One aspect of testing perfornmed during this
eval uati on was determ ning the sol vency of the individual
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cleaners. To do this, a sinple soil test procedure was devel oped
using an ultrasonic cleaner. Automatic parts washers were not
tested, only the aqueous cl eaners thenselves. Test results showed
t hat aqueous- based solvents did not effectively renove grease and
soil (Rhee, Velez, and Von Bernewitz 1995).

iv. It is reasonable to assune that the discrepancy
bet ween the study conducted at Fort Belvoir and the user
eval uation perforned by USACERL, was the result of the direct
spray nozzles and increased tenperatures that automatic parts
washers add to the cleaning process. The 1995 Fort Bel voir study
| ooked only at aqueous cleaners, not at the total parts washer.
The addition of the nechanical action and hot water allows for
greater cleaning capabilities than the use of aqueous cl eaners
al one.

c. Rusting

i. Another inportant paranmeter to consider when
eval uating a solvent alternative is corrosion protection
Tradi ti onal petrol eum sol vents provide excellent protection on the
surface of nmetal parts. This property is essential for mlitary
part cleaning applications to prevent danage and ensure equi pnent
| ongevity.

ii. The 1995 Fort Belvoir study referenced above
i ncl uded an assessnent of corrosion properties of alternative
sol vents, including water-based solvents. The results of
| aboratory testing, both copper and steel corrosion tests (ASTM D
130 net hod), showed that nost aqueous based cl eaners, used al one,
produced severe corrosion problens.

iii. However, users questioned as part of the USACERL
eval uation report very few corrosion probl ens when using aqueous
cleaners in automatic parts washers. Only 38 percent of the users
reported any rust problem and in each case, that was very m nor
surface rusting. Because they are used in conjunction wth hot
wat er, the aqueous cl eaners used in automati c washers do not
appear to cause a significant corrosion problem The high water
tenperatures result in high evaporation rates, causing nost parts
to dry imedi ately when the door of the washer is opened. One
installation reported rust on parts that had remained in the
washer overni ght, probably due to cooling and condensati on and
water remai ning on the parts. Those installations where parts are
oiled or greased imedi ately after renoval fromthe washer, or
where parts are dried manual ly, report no rusting probl ens.
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d. Part Damage

e. Alkaline cleaners will etch alum num alum num all oys,
and zinc. Strong al kaline cleaners will tarnish copper all oys,
remove zinc frombrass, and attack solder. Solutions wth a high
pH can damage | am nates and coatings and renove ink markings on
conponents. Hi gh pH solutions can also dissolve tin and | ead and
attack solder joints (Nation Defense Center for Environnental
Excel | ence 1994).

f. By their nature, aqueous cleaning solution have high pH
val ues and may adversely affect certain types of mechanical parts.
Therefore, use of aqueous cleaners should be carefully considered
for parts nmade of softer, nore nmalleable, netals, or those with
sensitive seals or other sensitive areas. All applicable
technical manuals, mlitary specifications, and manufacturer's
literature should be carefully consulted to verify requirenents
for solvent substitutions.

. Mlitary specification, ML-C 29602, dated 28 February
1995, was devel oped and published to provide cl eani ng conpounds
safe to use in aqueous parts washer for cleaning aircraft
conponents. The specification ensures that conpounds are
effectively evaluated to ensure they do not danage aerospace
equi pnent. The specification is approved for use by all U S.
Mlitary services.

12. Install ati on, Operation, and M nt enance.

a. Installation. One inportant factor that nust be
consi dered when purchasing an automatic parts washer is the washer
installation. Existing plunbing and el ectrical connections may
not be adequate for washer installation and may have to be
upgraded. One manufacturer of automatic parts washers, contacted
by USACERL researchers, states that this is a very conmon probl em
when installing units at mlitary mai ntenance shops. The m ni mum
power required for their small units is 230V/singl e-phase service
and 230V/t hree-phase service for their larger units. Mbst
facilities are wired for standard 208V/three-phase service. Most
equi pnrent will operate within a range of voltage (i.e., the 208V
service can handl e the 220V machi ne requirenent, but the washers
with the 230V requirenment do not run well at the 208V level. This
particul ar manufacturer states that, if they are aware of the
bui I ding's power service before purchase, they can rewire the
machi ne to match the specific voltage. It is much nore difficult
to address this problemonce the machine has arrived at the
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installation. Therefore, it is essential that installations
identify their existing building utility connections. They can
then either specify that washers purchased neet those

requi renents, or they can be prepared to include and allow for
buil ding nodifications in the total project cost. Five parts
washers installed at one installation required $150,000 in
bui l di ng nodi fications for plunbing and el ectrical work.

b. Operation and Maintenance. O&Mis an inportant
consi deration when purchasi ng any equi pnent. Deciding on a
solvent alternative is no exception. Types of O&M for automatic
parts washers range fromdaily checking of such things as water
l evels, oil skimers, and filter bags, to the nore periodic types
of mai nt enance such as conpl ete drai ndowns and cl eanouts.

c. Operation and Daily Mintenance

i. Proper operation is essential for any piece of
equi pnent to ensure optimal results, mniml down tine, and
equi pnrent life. However, if proper operation is difficult or tinme
consum ng, potential savings realized fromusing automatic
equi pnent can be negated by increased | abor costs.

ii. Automatic parts washers are, in general, very easy
to operate. Mechanics place parts in the washer, shut the door
and push a button to start the cleaning process. After the wash
and rinse cycles are conplete, clean parts are renpoved and the
process is finished. The follow ng factors may nmake the use of
this equi pnent nore difficult.

(1) The water level in the unit nmust be nonitored
to ensure that it does not drop bel ow the operating |evel,
destroying the heating el enent.

(2) Because they operate at such high
tenperatures, these units can take several hours to heat up. This
can be frustrating to the nechanic who needs to use the nachine,
but has to wait.

(3) Hinges and fittings need to be greased
frequently. Sone installations do this on a daily basis.

(4) Users may need to adjust the cleaner
concentration to ensure optinmumrenoval efficiency and allow for
water quality variations (i.e., hard water will require nore
concentrated cleaner). They may find that a nore concentrated
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cl eaner is necessary to renove their typical soil levels. O they
may deci de that the cleaner can be diluted and still adequately
clean their parts, thereby saving noney on cl eaner purchases.

d. In many instances, automatic parts washers are installed
in contractor-operated mai ntenance shops (Departnent of Logistics
mai nt enance shops, for exanple). These shops generally have a
relatively | ow enpl oyee turnover. Consequently, the people
wor ki ng in the shops where the washers are | ocated have nore
experience dealing with any intricacies presented by any
particul ar washer. This contrasts with those instances where
automati c washers are operated by mlitary personnel. Soldiers
are frequently transferred in and out of units, a circunstance
that can |l essen continuity in operation.

e. Periodic Ceanouts. Because the water in automatic
washers is recycled, materials renoved fromthe parts wl|
accunmul ate in the wash water. Therefore, the washer nust be
periodically drained and conpletely cleaned. This requires
shutting down the machi ne, draining and renoving all water and
sedi nment, and cleaning all nozzles and any filter screens, bags,
or other accessories. The washer is then refilled with clean
water. This can be a tine consum ng and costly process. The
washer is out of service during cleaning, possibly |eaving
mechani cs without an alternate place to clean and resulting in
unproductive "downtinme." Sedinment and water renoved fromthe
washer mnust be di sposed of properly. This can be costly if the
wat er and/or sludge is considered a hazardous waste (see Chapter 5
of this PWB, "Environnental Concerns,” for nore information on
this subject). Users questioned as part of this evaluation report
a wde range in the frequency of cleanouts. The worst case was
reported by an installation that cleans out its washers once per
week, while the |east reported frequency was an installation where
t he washers had not been cleaned in 3 years. The average
frequency reported, at installations where users are operating the
washers on a frequent basis (i.e., alnost daily), was
approxi mately once every 6 nonths.

f. Lessons Lear ned

i. As part of this evaluation, users were asked about
the types of daily maintenance perforned and asked to provide
suggestions or |essons |earned for inproving performnce and
decreasi ng nmai nt enance. More than 50 percent of the users
guestioned during this evaluation report perform ng sone type of
mai nt enance on a daily basis. This includes greasing hinges and
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turntabl es, operating the oil skimer, checking and cl eani ng
nozzl es, checking water levels, etc. Tine estimates for this
effort ranged from5 to 30 mnutes. Tips for enhancing

per formance and reduci ng high | evel maintenance were:

(1) Timers can be used to automatically turn the
washer on. These can be set to begin before the work day starts,
to ensure that the water is heated and the washers are ready for
use. However, sone installations with washers that have this
option report that the tinmers have to be replaced quite
frequently.

(2) G| skimrers work best if run at night when
water has had tinme to settle. This allows nore oil to be renoved
fromthe water and may extend the I ength of tinme between conplete
cl eanout s.

(3) Filter bags and screens can lengthen the life
of the wash water, decreasing the plugging of the water nozzles
and decreasing the frequency of conplete drain downs/cl eanouts.
These types of enhancenents work best if cleaned on a very regul ar
basis (i.e., daily for washers used extensively, or weekly for
those used less frequently). This will also increase the useful
life of the bag or screen.

(4) If there is no automatic make-up water option
on the washer, water |evels should be checked daily to ensure that
they do not drop below the m nimum operating | evel and damage the
washer .

(5 One installation had problenms with rust on the
i nside of the washer. They upgraded their washer to a stainless
steel nodel. Wiile the stainless steel is nore expensive, they
have greatly extended the life of their washer.

(6) The standard nodel of sonme types of parts
washers conmes with a drive wheel that rotates the turntable. If
washers are used extensively, this wheel will wear quickly and may
need to be replaced frequently. A chain driven turntable is a
better option.
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13. Envi ronnent al Concer ns.

a. Inthe United States, regul ations are becom ng nore
stringent to reduce air pollution and the rel ease of volatile
organi ¢ conpounds (VQOCs) into the atnosphere. Historically, netal
cl eaning has been a |l arge contributor of VOCs due to the high
vapor pressure of nobst solvents. However, aqueous solvents
contain very small anounts of VOCs due to their water content.
Thi s makes the substitution of aqueous cleaners for high VOC
solvents an attractive alternative.

b. Aqueous cl eaning generates a wastewater streamthat
requires treatnent and discharge. 1In addition, many currently
avai | abl e aqueous cl eaners contai n non-bi odegradabl e conponent s
t hat nake di scharge to sewer systens or surface waters nore
probl ematic. Sone cleaners that are bi odegradabl e when new
(unused), becone nonbi odegradabl e once they have been used (and
subsequently m xed with contam nants). The fact that the cleaners
t hensel ves are "Dbi odegradabl e can m sl ead users to believe they
can also treat or handle the used cl eaning solutions as a
bi odegr adabl e subst ance-which is generally not the case.

c. There is a fallacy that "because your aqueous cleaner is
bi odegradabl e, the wastewater is safe. The fact is, once that
cleaner hits the contamnant, it is no |onger biodegradabl e and
sone treatnent has to take place" (Scham sso 1992). Al though
aqueous cl eani ng conpounds are initially nonhazardous and are
of ten marketed as bi odegradabl e, contam nants such as oil, grease,
metals, and dirt accunul ate during the cl eaning process.

Dependi ng on the concentrations and | ocal discharge limts, these
contam nants may render spent water and cl eaning solution
unaccept abl e for discharge to a nmunicipal sanitary sewer system or
cause it to be hazardous because of toxicity. C eaning conpound
chem cals may al so be harnful to the environnment, particularly if
used in high concentration (CGedlinske 1997). Automatic parts
washers do recycle the water. However, at some point, the water
beconmes too contam nated and cannot be recycled further. Then the
washer mnmust be cleaned and the waste material s di sposed of

properly.

d. Analytical data from parts washer waste streans at two
installations was provided to USACERL researchers during the
course of this study. Appendix Cincludes tables show ng the
results of this sanple analysis. A summary of those results
fol | ows:

A-11



PWB 420-46-11
15 January 1998

i. One washer at the first installation was |ocated in
an autonotive shop and was used to degrease | arge engine parts.
The sanple fromthis washer was taken fromthe sedi nent/water
m xture at the bottomof the tank. Analysis of this sanple
i ndi cates cadm um at | evel s exceedi ng the Resource, Conservation,
and Recovery Act (RCRA) limt.

ii. This same installation has four parts washers in
anot her building. This building supports a variety of m ssions
including artillery repair, large caliber cannon proof testing
(firing rounds through the cannon to subject it to typical and
severe stresses), nondestructive testing, and painting.

Anal ytical data fromindividual and conposite sanples taken from
the four washers indicate that while the waste was not hazardous
in every case, the water was still unsuitable for discharge to the
sanitary sewer. The Total Petroleum Hydrocarbon (TPH) | evels
exceed 100 ng/L. This is the discharge Iimt set by the
installation for the individual industrial activities, |ocated on
that installation, that discharge to their wastewater treatnent

pl ant .

iii. Another installation has automatic parts washers
in three notor pools and several DOL facilities. Autonotive parts
are cleaned in all facilities with the exception of a smal
el ectrical shop. Analytical data from sanples taken fromthese
washers indicate that four out of the 12 sanples taken indicate
| evel s of |ead and/or cadm um above the regulatory limt.

e. Wile sone installations' parts washer waste streans have
been found to contain hazardous contam nants above regul atory
limts, other installations surveyed as part of this evaluation
report that waste stream anal ysis has never exceeded regul atory
limts. O the installations surveyed, 70 percent have tested
waste material fromtheir washers. All of these have either found
the waste to have contam nants exceeding regulatory limts at sone
poi nt, or are disposing of the waste as an industrial or special
waste. In those cases where no testing has been done, either the
waste materials are collected and di sposed of by a contractor, or
t he washer has only been at the facility for a brief period and
has not yet been cl eaned out.

f. In a 1996 study perforned by the |Iowa Waste Reduction
Center, the quality of discharge from automati c aqueous parts
washers used by vehicl e maintenance and netal manufacturing
facilities was investigated. G ab wastewater sanples were
collected from 15 vehicle maintenance facilities and four netal
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manufacturing facilities and anal yzed for commonly regul at ed
pollutants. The pH was al so neasured. Results of this sanple
anal ysis were conparable to those fromthe two mlitary
installations described above. There was a w de range of
contam nant concentrations, sonetines exceedi ng all owabl e

di scharge limts or requiring special permtting, nonitoring, or
reporting.

g. Results of this study al so suggest that, because of the
rel ati onship between pH and the solubility of nmetals, nonitoring
and adjusting pH may prevent excessive heavy netal concentrations
i n aqueous cleaning solutions. This can potentially prevent the
wash water from becom ng a hazardous waste. Maintaining cleaning
solution pHin the range of 10 to 10.5 may inhibit |ead from
becom ng solubilized. However, this process of adjusting pH nust
be carefully nonitored. Using strong acids poses safety concerns;
the addition of too nuch acid can lower the pH to a nore hazardous
level. A pHIless than or equal to 2 or greater than or equal to
12.5 causes a waste to becone a hazardous waste due to
corrosivity. The study suggests using vinegar for adjusting pH
since it is relatively harmess, readily avail able, and
i nexpensive. A pH nonitor or pH indicator paper can be used to
nmoni tor adjustnents. Fromthe first installation |listed above, pH
val ues for sanples taken ranged from7.73 to 10.06. Values within
this range do not need to be adjusted.

h. Potential users of automatic parts washers should
consider that, while aqueous cleaners may reduce volatile organic
conpound (VOC) em ssions on the installation, they may al so
i ncrease the hazardous waste stream Installations should
carefully consider the possible additional costs that may be
incurred fromwaste stream anal ysis and hazardous waste di sposal.

14. Concl usions and Recommendati ons. Because of increasing
concerns about the safety and environnental issues surroundi ng
traditional solvents, many parts cleaning practices that once
relied on high VOC, petrol eum based sol vents are now bei ng done

w t h aqueous cleaning. The use of autonmatic aqueous parts washers
is one of these alternatives. The results of this study show t hat
users are generally satisfied wwth the performance of these
washers and that the washers are relatively | ow mai ntenance.
However, the follow ng should be considered:

i. Wen conbined with spray nozzl es and hot water,
aqueous cl eani ng sol utions provide adequate sol vency. Most users
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were satisfied with the automatic parts washer cl eaning
capability. Sonme pre-cleaning nay be required if the parts are
extrenely dirty.

ii. Users nust consider the types of parts to be
cleaned in any application before deciding on a sol vent
substitution. Automatic aqueous parts washers produce little
corrosi on and sel dom damage parts, but if the parts to be cl eaned
have sensitive seals or are made of netals that wll etch or pit
easily, another alternative should be chosen.

iii. Installations nust specify electrical and pl unbing
requi renents when ordering equi pnent. Lack of details may result
i n unexpected, expensive building nodifications.

iv. In general, automatic parts washers are easy to
operate. However, |ow | evel maintenance is needed, sonetines on a
daily basis. This can include nonitoring water |evels, greasing
hi nges, and adj usting cl eaner concentrati on.

v. Periodic cleanouts are required as part of washer
mai nt enance. C eanouts can be tinme consum ng and soneti nes
costly, but generally only need be done once or tw ce per year.

vi. Sedi nent and/or wastewater renoved from washers
during cleanouts may be a hazardous waste and nay require special
handling for disposal. Even if not determ ned to be hazardous,

speci al handling may be required due to high levels of oils and
grease. The costs of this disposal should be taken into account
when deci ding on solvent replacenent alternatives. Wastewater may
exceed limts for discharge to sanitary sewer systens.

vii. Keeping pH at acceptable levels (10 to 10.5) may

decrease heavy netal solubilization, therefore possibly preventing
t he wastewater from becom ng a hazardous waste.
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Gol den Val l ey, MN
55427

Appendi x B
Aut omatic Parts Washer Manufacturers
Manuf act ur er Addr ess Phone/ Fax
ADF Syst ens P. O Box 278 Ph: (515) 332-5400
Lt d. Hunbol dt, | A 50548 |Fax: (515) 332-4475
Ameri can Met al 360 Euclid Ave. Ph: (412) 746-4203
Wash Canonsburg, PA Fax: (412) 756-5738
15317
Better 7101 Bel Air rd. Ph: (800) 229-3380
Engi neeri ng Bal ti nore, MD
Mg, Inc. 21206
Bowden 1004 GOster Drive, Ph: (800) KLEENER
I ndustries NW
Huntsville, AL
35816
California 4300 82nd St. Ph: (800) 432-7999
Steam | nc. Suite 1 Fax: (916) 454-9774
Sacranento, CA Emai | : cal steam@ci p. com
95826 Web:
http://rcip.conlcal steam
Cl eanomat 664 Medel ssohn Ave. |Ph: (612) 591-9388

Cowart Custom Dept. 10 P. 0. Box 3767
Machi nes, Inc. Val dosta, GA Ph: (800) 548-7757
31604- 3767 Fax: (912) 245-8438
Web:
http://ww. cowart-inc.com
F.MT., Inc. 1950 Industrial Dr. Ph: (412) 422-0768
Fi ndl ay, OH 45840 Fax: (412) 422-0072
G aPar Cor p. 25135 Fl anders Ph: (810) 773-5250
Warren, M 48089 Fax: (810) 773-8330

B-1




PWB 420-46-11
15 January 1998

Gaymlls Corp.

Chi cago, IL
60613- 3594

3705 N. Lincoln
Ave.

Ph: (888) 41- PUWPS
Fax: (800) 478-8673

Mangus Di vi si on

44146

Hydr o- Bl ast, 6917 N.E. 39th Ph: (800) 332-1590
I nc. Court Fax: (360) 696-5948
Vancouver, WA Web:
98661- 1355 http://ww. adpub. cont hydr
o- bl ast/
| NTERCONT 1719 W M. Vernon Ph: (800) 344-5191
Product s Springfield, MO Ph: (800) 261-2556
Kleerflo, Inc. 65802 Fax: (800) 690- 3909
15151- M Technol ogy
Dr .
Eden Prairie, M
55344
Kl ei ber & 2017-T New Hi ghway Ph: (888) 871-9677
Schul z, Inc. Far m ngdal e, NY Fax: (516) 293-1856
11735 Emai | :
kswet bl ast @art hl i nk. net
Web:
http://ww. kswet bl ast. t ho
masr egi ster.com
Landa, Inc. 13705 N. E. Airport Ph: (800) 645-2632
Vay Fax: (800) 535-9164
Portland, OR 97230 |Enmail:
| anda@ anda-i nc. com
Web:
http://ww. | anda-i nc. com
Lew s Corp. 102 WI | enbrock Rd. Ph: (203) 264-3100
Oxford, CO 06483
ManG | | 7255 Division St. Ph: (800) 627-6422
Chem cal Cakwood Vil |l age, OH

Proceco LTD

14790 St. Augustine
Rd.

Jacksonville, FL
32258- 4407

Ph: (800) 978-6677
Fax: (514) 254-6922
E-mail:

cl eani ng@r oceco. com
Web:

http://ww. proceco. com
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RAMCO Ph: (800) 553-3650
Fax: (908) 687-0653
Web:
http://ww. rankl een. com
Rot o- Jet of 2819 San Fernando Ph: (818) 841-1520
Anerica Co., Bl vd. Fax: (818) 841-6448
I nc. Bur bank, CA 91504 Web:

http://ww.roto-jetoa. com

Stoelting, Inc.

502 Hi ghway 67

Ph: (414) 894-7029

Kiel, W 53042
Vi bron Division |33660 Pin Qak Ph: (800) 322 - 2283
Burgess & Par kway
Associ at es Avon Lake, OH

44012
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Appendi x C

Sanpl e Anal yses of Parts Washer Waste Streans

Installation A -

Bl dg 338 -

Sampl e Anal ysi s

(all units are ng/L) _
Sample I D Dat e Tot al As |Ba Cd Cr Pb Hg Se Ag
Pet rol eum
Hydr ocar bons
Bl dg 338 -1 |[24-Mar-97 |BDL BDL [1.05 28 ]0.37 ]0.67 |BDL BDL BDL
EI dg 338 - 2 |26-Mar-97 27000 BDL | 7. 07 .13 |BDL |BDL |BDL BDL BDL
Regul atory Limt* 5.0]100.0 |1.0 5.0 [5.0 ]O0.2 1.0 5.0
BDL = bel ow detection limt
*Federal Register, Vol. 55 No. 61/ Thursday, March 28, 1990/ Rules and Regul ati ons
Installation A - Bldg 525 - Sanple Analysis
(all units are ng/L)
Sanmple | D |Date As Ba Cd Cr Pb Hg Se Ag pH TPH
w- 1 28-Feb-94 |BDL |3.25 0.908 |9.02 |3.39 |0.00158 |BDL |BDL 7.91 |43.9
w- 2 22-Feb-94 |2.68 |8.63 0.783 3.7 |3.59|0.00116 |BDL |0.678|7.73 [30.2
wW- 3 15-Feb-94 |BDL |0.902 |0.66 |0.76 |1.58 |BDL BDL |BDL NA NA
W- 4 30-Mar-94 |BDL |4.71 1.11 |50.7 |7.23 |0.0026 |BDL |BDL NA NA
c-1 2-Jul -97 |NA NA 0.07 ]0.33]0.05 |0.0017 |NA <0.03 (9.3 1740
c- 2 2-Jul -97 |NA NA 0.09 |0.63]0.27 |0.002 NA <0. 03 |10. 06 |261
c- 3 2-Jul -97 |NA NA 0.37 ]0.02|0.09 |0.0019 |NA <0.03|8.10 |129
C- 6 31-Qct-95 |<1.0 |0.18 <0.20 |1.50 |1.40 |0.0033 [0.13]|0.14 |9.64 |283
c-7 15-May-95 |BDL |1.6 0.13 |1. 0. 17 |BDL BDL |BDL NA 5600
Regul atory Limt* 5.0 |100.0 |1.0 5. 5.0 |0.2 1.0 |5.0
BDL = bel ow detection limt
NA = not avail abl e
*Federal Register, Vol. 55 No. 61/ Thursday, March 28, 1990/ Rules and Regul ati ons
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Installation B - Sanple Analysis
(all units are ng/L)

Sample | D Dat e As Ba Cd Cr Pb Hg Se Ag

Bl dg 1411 - Snul | 3-Aug-95]0.12 |1.64 .7 1.74 |1.68 |BDL 0.019 |BDL

Bl dg 1411 - Large 3-Aug-95]0.33 |0.77 |0.062 |2.73 |0.05 |BDL 0.076 | BDL

Bl dg 1411 - Large 3-Aug-95(0.14 |2.49 |1.45 |0.97 |22 BDL 0.037 |0.19
Sl udge

Bl dg 1411 - Main Auto |3-Aug-95|0.036|3.87 |2.01 |1.45 |2.39 |BDL BDL 0.034
Shop

Bl dg 2750 - Snual | 3- Aug-95]0.017 |0.33 |0.022 |1.12 |0.087 |BDL BDL BDL

Bl dg 2750 - Large 3- Aug-95|0.022 |0.67 |0.6 0.23 |8.79 |BDL 0.033 0.35
Bl dg 2413 - Hangar 3- Aug- 95 0. 054 |0.024 |0.45 |0.5 0.23 |0.002|0.15 |2.16
Bl dg 1406 - Large 3-Aug-95(0.11 |17.6 |1.98 |2.49 |16.5 |BDL 0.063 |0. 091
Bl dg 1406 - Snual | 3- Aug-95]0.034 |1.47 |0.017 |2.32 |2.4 BDL 0.022 |0. 006
Bl dg 2702 3-Aug-950.01 |1.33 |0.52 |0.032|0.11 |BDL 0.011 |BDL
Regul atory Limt* 5.0 100.0 |1.0 5.0 5.0 0.2 1.0 5.0
BDL = bel ow detection limt

*Federal Register, Vol. 55 No. 61/ Thursday, March 28, 1990/ Rules and Regul ati ons
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