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ABSTRACT

This paper presents the results of a field investigation of
equi pnent and technol ogy for wet abrasive blasting as a technique for
preparation of structural steel for painting. Ten different comercially
avai |l abl e wet blasting units were selected for field evaluation. The
units selected included the following generic types: air abrasive wet
blasting (addition of water at the nozzle to conventional dry blasting
equi pment); air/water/abrasive slurry blasting (mxing of water with the
abrasive at a control unit upstream of the nozzle); pressurized water
abrasive blasting (abrasive added to high or low pressure water jetting
strean); and ultra high pressure water jetting (2Q OO0 psi or greater).
These eval uations were conducted on steel surfaces, typically encountered
in shipyards and industrial environments, including rusted and pitted
steel, mlscale steel, and painted steel. The investigation considered
factors such as the cleaning rates, abrasive and water consunption
operator thrust, portability, safety procedures required, use of
inhibitors, and overall practicability and reliability. The paper
di scusses each of these factors and provides a tabulation of advantages
and di sadvantages for each unit observed.

-916-



BACKGROUND

IT 1s UNI VERSALLY ACKNOWLEDGED t hat dr
abrasive blasting is the nost efficien
and economical ~technique for cleaning
structural steel for [la_al nting in indus-
trial appl i cations. he abrasive bl ast-

ing unit delivers to the surface a hi;?h
velocity stream of hard,  angular.
abrasive, which has the ability to
rapidly renove for inproved adhesion.

The equipment and techniques for dry
bl asting have becone standardized to a
hi (r;h degree and provide a high degree of
reliability. ) ]

Dry blasting has been restricted in

recent years because of health hazards
from silica dust inhalation: air quallté/
concerns wth visibility, suspende
particulates, and fugitive or nuisance
dust; and dust contam nation of
machinery or equipnment. There has al so
been concern about the disposition of
the spent abrasive, which may contain
| ead conpounds or other toxic naterials
fromthe paint film .
. Alternatives to sand .blasting
include silica-free | ow dust i ng
abrasives, high pressure' water blasting,
wet sandbl asting, power tool cleaning,
and  cheni cal cl eani ng. Alternative
abrasives such as nmineral slags often
elimnate the silica hazard, but these
abrasives may be nore expensive or dif-
ficult' to obtain than sand and have
recently been under attack 'for some
trace concentrations of toxic heavy
metals. High pressure water blasting
and hand and power tool cleaning are
suitable for renoving |oose rust and
paint, but cannot renove tight mll
scale, tight rust, and paint. her new
techni ques have been described but have
not yet proven practical for large scale
production cleaning of steel.

Wt abrasive blasting offers the
potential to reduce or elimnate many of
the problens associated with = gr
bl asting and at the sane tine offerg
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relatively high production
cl eaning efficiency. _

There are several generic types of
wet blasting equipment wth large varia-
bilities in operating paraneters, relia-
bility, cl eani ng rates and
effectiveness, cost, safety, and user
sati sfacti on. This article describes
the results of field evaluations of
several different types and manufactur-
ers of equipment for wet blasting.

The ‘enphasis of this study was the
observation and evaluation o field
denonstrations rat her than obtainin
data literature values or second-han
accounts.  Froma review of trade and
technical literature and public requests
for information, ten different wet bl ast
units were selected for eval uati on.
These  evaluations, were conducted on
steel surfaces typically encountered in
marine, highway, and water works mainte-
nance, such as rusted and pitted steel,
mll scale covered steel, and painted
steel . For each denonstration, the
representative structures were cleaned
using wet blast techniques and digjy bl ast
cleaning controls, with careful docunen-
tation of cleaning rates, cleanliness,
and  other factors required for the
eval uati on.

DESCRIPTION OF UNITS AND TECHNOLOGY

. Wet Dblast units can be categorized
into four major types as shown in Table
1. Two of these involve air abrasive
blasting with water addition. The oth-
ers are pressurized water blasting with
and wi thout abrasives. The basic prin-
ciples and variations of these types of
wet blasting will be reviewed briefly.
The discussion will also review the nost
important paraneters and features and
conponents of the various types of sys-
tens investigated. .
AlR ABRASI VE WET BLASTING The air
abrasive wet blasting units vary wth
respect to the nethod and | ocation of
water addition, the type of control

rates and



TABLE 1
CLASSI FI CATI ON OF WET BLASTING UNI TS

Air Abrasive Wet Blasting ,
Air/\Water/Abrasive Slurry Blasting
Pressurized Water Abrasive Bl asting

# H gh Pressure Water (6, 000-
15, 000 psi
# Low Pressure Water (2,000-

4,000 psiP) ,
Utra High Pressure Water Jetting-
(20, 000-50, 000 psi)

system the device for adding and noni-
toring inhibitor, and the design of the
nozzle and the overall system \ater
can be added at the source of the
abrasive, just before the sand enters
the nozzle, or downstream of the nozzle.
One of the earliest methods was the
water envel opnent Wﬁ).rocess.or "wat er
curtain nethod," ich projects a cone
of water around the streamof air and
abrasive as it |eaves the nozzle. A
sinple water ring adapter fits around
the  blasting  hose nozzle. Thi s
technique is "reported to reduce the
ai rborne dust by SO 75% It has a
mniml effect ‘on the cleaning rate
because the water does not mix wth the
abrasi ve. It does make the unit
slightly nmore unwieldy and could affect
cleaning rate in that ‘manner.

The water stream could also be
SErayed into the abrasive stream beyond
the nozzle. This gives a greater degree
of dust control than the water envelope
nmethod because the abrasive is wet
before it reaches the surface, .

In the second type of air abrasive
wet bl asting, the water isadded to the
abrasive just before it reaches the
nozzle. In one version, a nozzle
adapter is nmounted between the nozzle
hol der and nozzl e. Pressurized water
from an air-operated punp is controlled
with a needl e valve. The water é)ressu.re
is normally on the order of 300-800 psi.
Formany of these units, the water and
sand " can be operated independent Id){.
Thus, for exanple, by closing the needle
valve, one can dry sandblast in areas
where wet blasting may not be needed.
Also, by releasing the nozzle handle,
one can'use the | ow pressure water to
wash off the sand fromthe surface.

These units maybe designed as a
retro-fit for existing abrasive blasting
units or . conplete unit,
including abrasive blast machine, air
powered punp, and a mxing tank. These
types of units are extremely effective
in reducing the anmount of dust.

Al R WATER/ ABRASI VE SLURRY BLASTI NG
Anot her technique is addition of water
to the abrasive streamat the control
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unit upstream of the nozzle. In these
systems, the mixture of air, water, and
sand is propelled through the hose to
the nozzle without any additional cou-
pling at the nozzle. In several of
these units, the air, water, and sand
can be independently-controlled by the
operator, either by ‘microswitches at his
control, or renotely by another opera-
tor, who may be in audio contact with
the blaster. " As with the Prew ous types
of systems, these units allow the opera-
tor to rinse off the wet sand fromthe
surface with pure water, often contain-
ing an inhibitor. Certain units can_ be
used to feather back paint by reducing
the air pressure, resulting’in a |ess
erosive slurry stream Because the sand
is intimtely mxed with the water,
these wunits “are also very effective in
reducing the amount of dust. .

H GH PRESSURE WATER BLASTI NG High
pressure water blasting is a technique
whi ch produces a high velocity stream of
wat er by passing a flow of pressurized
water through a's eplall%/ desi gned snal |
orifice nozzle. his jet has Some ero-
sive force and has been utilized for
removing paints and corrosion products
from structural  steel. The princi pal
focus of this stud?]/ is on water blasting
with abrasives rather than on pure water
bl asting. However, for conparison pur-
oses, observations were made of several

i gh pressure units operating wthout

abrasi ves. In addition, a unit that was
designed to be operated without sand
because of the extrenely high pressures
attai ned was observed.

The major conponents of a water
blasting unit are as follows:
;1 Positive  displacenent punp and

appropriate power unit _
* I—r|: gh pressure hydraulic delivery
ose
# Hi gh pressure nozzle
# Control valve system
i O her component s
filter,
i nhibitor,
attachments.
, Hi gh ressure  water
wi t hout “sand has not shown the
ity of renmoving tight rust or Intact
mll scale from steel except at
exceedi ngl slow rates or at ultra high
pressures .%/greater than 3,000 psi). In
addition it cannot produce a profile
(surface rougheni ng% of the = steel
itself. In order to introduce addi-
tional erosive force into water blast-
ing, abrasives nust be incorporated into
the water jet.
PRESSURI ZED WATER ABRASI VE
BLASTING High pressure units use water
pressures from 6, 000-20, 000 psi. The

include water
pressure gauge, flow _neter,
and metering and nonitoring

bl asting
capabi | -



flow rates are normally five to fifteen
gal l ons of water per mnute. These
units require a different type of nozzle
than that used for straight high pres-
sure water jetting. The nozzle “orifice
must be | arge enough (typi caII% 3/8") to
pernit the abrasives to pass through.

~ Also observed were several units
whi ch operated at substantially |ower
pressures and rates than those given
.above. \ter blasters with pressures of
3,000- 4,000 psi would be expected to
provide much greater ease of handling

* and safety than the high pressure units.

A few of these were sinply high pressure
units operated at reduced pressures.
Qhers were designed for use at |ower
pressur es. .

- OPERATOR BACK THRUST  An i nportant
consideration is the anmount of thrust
that the operator nust withstand in
using a high pressure water blaster;
thrust depends on the pressure, flow
rate, and the nozzle orifice. Table 2
shows typical thrusts for several pres-
sures and flow rates. It is noted that
an operator thrust of greater than about
35-40 pounds can become very fatiguing
after a relatively short periiod of tine.
Thrusts above 50 pounds cannot be con-
trolled nmanually.

TABLE 2
OPERATCR BACK THRUST W TH WATER JET

Pr ess)ure Flow Rate Tf(]{gs)t
Si S
38%ho (o 74
20, 000
10, 000 10 53
10, 000 6
5,000 8 30
5,000,
3,000 4 14

WATER- ABBRASI VE NOZZLES There are
several nozzle designs available which
introduce the abrasive into the water
stream Mst of these rel%/ on suction
b the water stream to pull the
a\t;raswes into the nozzle. . .

In a typical design for introducing
abrasives into the water stream water
enters the nozzle at a 90 degree angle
through tiny orifice inserts. A
recent Idy patented alternate design is
claimed to nmake it possible for the
water to maintain the maxi mum vel ocity,
mninize the loss of energy, and deliver
more abrasive at higher inpact. .

A discussion of the relative merits
of these nozzles is beyond the scope of
this investigation. However, it was
noted that there were considerable dif-
ferences in the cleaning rates of
several of the units tested, which could
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be attributable to the  design
par amet ers. . .
Anot her inportant  parameter in

wat er bl asti ng%, both with and without
abrasi ve, is the standoff distance. At
a small standoff (2-3 inches), the force
of the jet on the surface is greatest,
resulting in the highest degree of ero-
si on. wever this also results in a

smal l er path width, and a lower overall
cl eani r|1\t]1_|rat e.
| NHI BI TORS - Because of the ten-

dency of wet steel to corrode rapidly
(flash rust), inhibiting chemcals are
often applied to the freshly blasted
st eel surface. The inhibitors are
usual Iy water soluble chenmicals which
prevent corrosion by passivating the
steel surface (slow'down corrosion by
increasing the polarization).

_Many commercial inhibitors use a
conbi nat yon of nitrite and. B_hosphate.

The use of chromate type inhibitors has
greatly dimnished “because of the
probl ems of chronate disposal.

There are as yet no standard or
prescri bed concentrations the
nitrite and phosphate inhibitors in
water or wet blasting. Typi cal val ues
r ecomrended (%3eqw pment “manufacturers

range from | ,000 parts per mllion
(ﬁpn). There 1s little data relating
the quantity of inhibitor needed per

area to the'tine of protection afforded
in environments of varying degrees of

severity. There is also litfile data
conparing the merits of the different
i nhibitors. In several of the

denmonstrations, the inhibitor aid pre-
vent the flash  rusting which was
observed to occur in the absence of the
i nhibitor. . _ _

~_ Another inportant criterion of the
inhibitor is its effect on the perfor-
mance of the paint applied over it. The
inhibitors are water soluble species
which tend to form crystalline materials
upon evaporation of he water. Thus,
osnotic blistering may result fromthe
soluble salt on the surface. There is
as yet little substantiated data to show
what, if any, effect these inhibitors
have on paint perfornance.

FI ELD DEMONSTRATI ONS

~ Atotal of ten different wet blast
units was observed in field denonstra-

tions. At several of these denonstra-
tions, wet blast units were conpared
directly wth dr bl ast units on

equival ent surfaces.” These data were
considered nost reliable. Data were
also obtained from  other field
denonstrations in which Yy small

surface areas were cleaned, or In which



the dry blast control was inadequate or
nonexi stent . Data from these latter
denonstrations and from eval uations by
other users or manufacturers were given
| ess weight in  assessi ng the relative
merits of "the various wet blast units.

_ Two of the nmjor denonstrations
i ncl uded direct comparisons of high-

pressure water  sandbl asti n%, air
abrasive wet blasting, and dry blasting.
In one denonstration, conducted at a
painting contractor's vyard facility,

areas of approximately twelve square
feet were cleaned to near-white netal;
the original surfaces _included plates
with slightly rusting inorganic zinc-
rich coatlnﬁ, rusted and pitted sur-
faces, and heavy IaE/ers of paint. The
data showed t hat he two air-abrasive
wet blast units and the dr?/ sand- units
had fairly conparable cleaning rates
whi | e _ pressure

sandbl aster was considerably slower. The
water ring unit gave higher cleani ng
rates than the dry sand for the thic
paint film )

~Another denonstration was held at a
distributor's yard. The three units
were evaluated on flat steel containing
mll scale and noderate rust, and on a
heavily rusted steel beam In this
test, "the air abrasive wet bl ast er
cleaned at a slightly higher rate than
the dry blast. Again, the high pressure
wat er/'sand  blast was  considerably
sl ower . Sand consunption rates were
al so higher. ,

Anair/water/sand unit was conpared
to dry sand blasting at a yard facility.
The substrates were two grades of rust
~ steel plate and some  structural
pieces. In these, the drY sand cl eani ng
rate was 20-40%faster. 1n this evalua-
tion, the tine for washing the wet sand
fromthe surface was included in the
rate. The dry sandbl asted surfaces were
slightly better cleaned than the wet
bl asted surfaces. .

Anot her air/water/sand unit was
conpared to dry blasting on a highway
bridge. In this case the dry abrasives
(both sand and coal slag) were several
times nmore efficient than the air/water/
sand unit.  The lower cleaning rate
obtained with the air/water/sand unit
can be partly attributed to the operator
i nexperience and sonme variability in the
surface condition of the bridge. Even
meki ng these allowances, however, air/
wat er [sand was much slower for this type
of cleaning than the dry blast units.

DI SCUSSI ON OF FI NDI NGS

~In selecting a surface preparation
unit or evaluating such units, there,are
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several factors that nust be considered.

These include the follow ng: cl eani ng
rates, cleaning effectiveness, equipment
reliability, safety, portabilit and
versatility of e(azLAl Ement, and cost.
CLEANI NG TES Overall. the

cleaning rates with the air abrasive wet
bl asting were considerably higher than
those using high pressure water. The
former were .approximately in the ranﬂe
of 80-90% the rates of dry blasting. The
cleaning rates with high pressure water
abrasive blasting wereabout 30-508 that
of dry bl astlnﬁ, but were not as well
documented as the air-driven systens.
The cleaning rate is increased at higher
pressures or flow rates, but these al so
Increase the thrust and the difficulty
of controlling. In nost cases, the
cleanup rate and.expense are expected to
be higher for the wet cleaning nethods
than for dry blasting.

Cleaning rates also depend on the
skill of the operator. The high pres-
sure water/sandbl aster, and to a |esser
degree, the air abrasive wet blasting
reduce visibility. This often decreases
cleaning rates because the  operator
cannot judge when he has sufficiently
cl eaned the surface and may repeat or
mss some areas. In addition, for the
hi gh pressure abrasive blaster, the
st andof f distance and the angle of
bl asting affect cleaning rates. T,he%/
will vary with the velocity of the je
(water pressure), nature of  substrate,
and the ttype of cleaning (e.g., renoving
of topcoaf or cleaning fo bare netal).
The slurry blasting and the air abrasive
wet Dblasting cleaning rates, as with any
air  blasting, depend on the air
pressure.

Several of the |ower pressure water
abrasive blasti ng units gave cl eaning
rates that would be acceptable for many
smal | to medium sized jobs. This would
be particularly true for cleaning intri-
cate structures or for  maintenance
Crews. The rates for these units are
estinmated at 15-258 that of dry
bl astlngEA .
CLEANI NG EFFECTI VENESS The nmj or

factors in determining effectiveness
are:
# Visual Cl eanl i ness (removal of

rust, mll scale, paint and dirt)

# Chemcal deanliness grermval of
oil filmand soluble salts such as
chlorides and sul fate)

#. Surface Profile

~ Each of the tyPes of wet bl ast

units was capable of producing near-
white netal. However , in most of the
observed denpbnstrations, the operator
did not achieve a surface of 100% near-
white (SSPC-SP 10). Portions of the



surface were rated as commercial blast
;SSPC—SP 6) or brush-off blast (SSPC SP
1. This 1s attributed primarily to the
lack of visibility.

~Thus, t he “poor est
obtained for corners and
where visibility was poorest. Overall,
the air/water/abrasive slurry blasters
gave the best visibility and slightly
nmore thorough cleaning than air abrasive
wet bl asting. For the- high pressure
wat er - abrasive bl asters, 'the operator
fatigue and poor visibility-resulted in
| ess wel | -cl eaned surfaces. _

Sever al t echni cal articles and
trade literature have asserted that wet
bl asting methods are superior to dry
blasting in removing soluble salts from
steel. "These salts are often considered
to contribute to early rusting of pre-
viously exposed structures. However,
determning the presence, levels, or
effects of the soluble salts was beyond
the scope of the present investigation.

For nmpst of the denonstrations,
surface profile of the blasted steel was

cleaning was
bottom ~edges

measured using replica tape and/or com
parator. The data did not show any
difference in profile obtained wth wet

bl asting versus dry blasting.
SA?:ETY y J

The use of high pressure water jetting
abrasive blast|n% can be
dangerous. The sane is true for the wet
bl asting techniques, and nmost of the
same precautions must be  observed.
Cener al safety requirements include
dead-man controls on pressurized units,
oPeratlng within the recomrended linmts
of the air conpressor or punp, Properly
reinforced  hose, proper scaffolding
renoval of unnecessary clutter
obstructions from work "area, cordonin
off of work areas, and properly traine
oper at ors. .
Some of the nost inportant safety
factors for high pressure water jetting
are as follows:

# Ear Protection: Typi cal noise
levels are in the range of 90
deci bel s.

# Team versus Single Operation (One
organi zation reconmends that
single  operator be allowed to
operate units up to only 2,000
psi; above that at least two per-
sons are required.) .

# Eye and Head Protection: At the
m ni mum gog%l es and face shield are
required. Full over-the-head hoods
mafy be required in some cases.

# Safety Fluid Shutoff: This should
be a "dunp device which cuts off the
pressure  when the handle is
rel eased.
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# Gadual Increase of Thrust: 'The
operator should experience the
reaction force (thrust) progres-
sively rather than all at once to
start” the operation.

# Steel Toed Shoes.

. There have been several recorded
instances where operators have |ost a
toe or an eye from high pressure water
jetting. It should .be enphasized that
the high pressure flow rate units have a
hi gh operator thrust (40-50 pounds) and

may be verydifficult to control safely
on"a platformor other area of precari-
ous footing. _

ir- asting One of

the nost inportant safety features is
the cutoff valve for the air blast noz-

zle. In at least one of the denonstra-
tions, operators usi nﬁ defective nozzles
were  observed. The safety 1|ock,

designed to shut off the flow when the
grip was released, failed to do so, or
aid so sporadically. This denmonstrates
the inportance of proper maintenance of
equi prrent and enforcement of safety
procedure. , , _

Al'though air abrasive wet blasting
does cut down considerably on the dust
the use of air-fed respirators is still
strongly recommended. There is little
docunent ation on the effect of wet
bl asting on reducing the level of mcron
sized articulates in the area
i mredi ately around the blaster. Thus,
whereas these units apparently are suc-
cessful in ‘controlling envi ronment al
probl ems, they are still considered a
possi bl e hazard for worker health. This
I's particularly relevant in light of the
numerous clains on silicosis currentl
exi sting agai nst manuf acturers o
abrasi ve equi pnent. .

There is little evidence that the
use of wet abrasive blasting in any
reduces the risk of sparking fromthe
bl ast nozzle. Thus, their use in tanks
or vessels containing volatile mterials
must still be closely controlled and
moni t or ed. .

, PORTABI LI TY AND VERSATILITY - This
investigation was directed at field
cleaning of steel. The ease with which
various units can be transported,
assenmbled, and transferred is an inpor-
tant factor in their suitability for
certain jobs. _ _

, Naturally, smaller cleaning units
will require 'smaller conpressors, punps,
and sand .pots and therefore be nore
easily transported. Wi ghed  agai nst
that is the lower productivity rate and

efficiency of the |ow powered units.
The ~ high pressure water hoses
experience a relatively small |oss of

pressure. This enables the operator to



reach several hundred feet without relo-
cating the punp. For water Jett|n? at
el evated hei ghts, supPIenEntaI _boosters
are available to maintain the high pres-
sure. In addition, pressurized sand
hoppers can_be used to force the sand
over large distances of hose.

Air blast hoses for wet or dry
abrasive blasting are normally limted
to about 100-200 feet unless very IarPe
conpressors are used. It is generally
advi sable to place the sand pot as close
to the nozzle as possible.

SUMMARY AND CONCLUSI ONS

This article described a field
evaluation of comrercially available wet
bl ast units for cleaning structura
st eel formﬁa|nt|ng” The eval uations
i ncl uded, ere possible, direct conpar-
ison of the candidate wet blast unit
with conventional dry sandblasting. The
cl eaning was conducted on flat surfaces
with varying conditions including paint,
mll scale, and rust, typically
| 0-15 square feet per trial
fromthe field eval uations were sup-
plenented by data and information from
equi pment manuf acturers. . .

The principal conclusions of this
work are as follows; )

# Dry sandblasting is overall faster
and nore effective than any of the
wet sandbl asting techniques.

# The units which incorporate water
into air abrasive blasting produced
cleaning rates up to 80-90s of
those of dry blasting and proved
ver _practical for field

appYicathns. . .

# The  units  which incorporated

abrasives into a nmediumto high
pressure water blast (6,000-20,000
psil gave cleaning rates which were
only “about one-third to one-half
that of dry blasting. Because of
the high thrust of these units,
they would not be practical for
extended field use as hand held
units.

# Certain |ow pressure (3,000-4, 000
psi_ water blasters with abrasive
“addi tion have  denonstrated the
ability to renove rust, paint, and

mll scale with little operator
fatigue. The cleanin rates,
however are considerably | ower
than_that for conventi onal dry
bl asti ng. .

# High pressure  water bl astin
W thout sand is not capable o
removing tight rust and mll scale
under normal” conditions.

# Al the wet blast units observed

produced a significant reduction in

-922-

the dust. ) .
# The units observed varied consider-

ably in cost, portability,

produc-

tion capability, and adaptability
to existing blast .cleaning equip-
ment . The specific wunit to be

chosen depends on the size the type
of job and the availability of
support equi pnent. . _
are required in the
water to prevent flas

# Inhibitors
most

| ocati ons.

Sever al

rusting in

types were

roven to be effective incontrol -

ing flash rusting for
hour s.

sever al

at | east

The advantages and di sadvant ages of
the various types of units are listed in

Tabl e 3.

Addi tiona
rovided in the ful

details are
report avail able

romthe U S. Mritime Adm nistration or

the Steel

VET BLAST UNI TS
ADVANTAGES & DI SADVANTAGES

Uni t
Air Wt Bl ast

Slurry, Bl ast

Hi gh Pressure
Vit er / Abr asi ve

Low Pressure
Wat er/ Abr asi ve

Utra High
Pressure
Water Jetting

Advant ages

Structures Painting Council.
TABLE 3

Di sadvan-
t ages

H gh Rates Extra Hose

Reduce Dust

Retrofit

H gh Rates
Mul t
Nozzl es
Reduce
Dust
Low Wt er

Geatly
Reduce
Dust

Long Hose

Low Abra-
sive

Eafgeto

Low cost

Low Abra-
sive

Low Thrust

No Abra-
S.S|re
| e
Egsign
d eanest
Surface

Sl udge
C eanup

Ad%gtio?a
erat or
Sl udge

C eanup

Lower
Rat es

Hi%h
hrust
Poor Visi -

.biIitY

H gh Water

Hi gher
cost

Low Rates
Short Hose

No Profile
Leaves

MII
~Scal e
Hi gh Water

" %ﬂr ust
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