Wet Suppression System

The use of water as a means of dust suppression has been practiced
for more than thirty years in both ceal and ron-coal mining operations. Water
sprays, either directed by nozzles at transfer points, crushgr exits and .
sereening operations or a?plied manually by spray hose at muck piles (piles of
rock from blasting} significantly ra&uce emissions,

System design is not gulded hy equatiuns.hased on the physics of the
situation, but rather on rules-of-thumb learned from many years of applica-
tion experlence. A wet suppression system as the naﬁe implies prevents or
suppresses the tendency of the particles to become airborne. From the modest
ameunt of water added (about 172 of 1% of weight of stone feed), it is ob-
vipus that an increase in density of a particle by msans of retention of the
water is not the sole mechanism for preventing emissions. The agglomeration
of the small particles and the "sticking" of small particles to large pieces
of stone is alsc invelved, The preclse mechanlsm of suppression is aot as
important ms the fact that dust is suppressed when water is applied. As dis-
cussed later, water alone has poor wetting properties and a solution includ-
ing a surfactant or surface actlve ingredient is usually applied. This
substantially reduces (about 4:1) the ampunt of water that is reguired.

Application is made by spray heads mountad on a spray bar as in
Figure 7. There are hundreds of different spray head designs when the com-
binations of fiow, droplet size, cuverage'angle, spray crossections, ete. are
considered. Droplets are generally formed bf the water pressure on specially
desipned channels and exit orifices in the spray heads., Very small droplet
sizes that rely on alr atomization are practically never used, Different

size and types of sprays ere often used on different parts of the plant - .he
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Figure 7

Typical Spray Bar Application

{(Photo courtesy of Johnson March)
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larger droplet types early in the production and the finer droplet size with
the smaller size materials. Choice of spray heads are affected by production
rate, stone size, and location ability.  The spray bars.nn which the spray
heads are mounted are located with sufficlent clearance from the belt, screen,
etc. to make sure that moving stone does mot impact, trucks or other vehicles
are not likely to hit it (as for instsnce in the lpading areaz of the primary
crusher} and so the unit can be observed and maintained with reascnabic ease.
Sprays are usually iacatad about 3 to 6 feet from the contact point - splash-
ing occurs if too close to the surface and the advantage of a fine spray will
be lost, while if spray bars are toc far from the surface, crosswinds will
have more of a chance to deflect the spray sway from its target. The design-
er usually examines the access problem, stone size end praductiﬁn rate in
determining the mmber, type, and lccation of the spray positions in a proec-
Bss.

A pood figures’ﬁ for the amount of solution sprayed on the stonc is
1.5 gallons per ton of plant production. If chemicals that reduce the sur-
face tension of water are ﬁut used, this figure could be three or four times
greater. The 1.5 gallons of solution per ton of production iz not applied
at one point, rather it is the sum of the solution distributed at various
points throughout the plant. Figure & shows typical application points for
such a system,

Plain water with a surface tension of 73 dynes per cm at 20°C does
nutFexhibit good qualities of wetting, spreading and penetrating. Use of
water as the sole spray materials therefore would require more gallens per

ton of production than a solution containing a surfactant. When surfactan.
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are added, the surface tension of water is reduced te 20 to 30 dynes per
cm which greatly enhances.the dust suppression since the water is able to
penetrate the dust particle creating a cenenting action between dust particles
so that the agglomerates thus formed are too heavy to become airborne,

"'Wetting Agents" 1s a brozd category-which covers such items as emul-
sifiers, solubllizers, detergents, foams, penetrants, thickeners, etc. Dust
control compounds, on the other hﬁnd, are carafully formnlated blends ih
which ane or more special surface active agents {Vsurfactants") have basn
inéurpnratad. The molecules of these compounds are composed ef twe groups
exhibiting differing solubility characteristics., One part, usually a long
chaln hydrophilic or water loving group is usually & sulfate, sulfonate,
hydroxide, ethylene oxide, etc. The other group is a long chain hydrophebie
or water hating group, When properly proportioned, these compounds effect-
ively reduce the water surface temnsion.

Wet suppressent systems with surfactant solutions appear effective
in dust control although there is no quantitative data to specify the degree
of control attained. Figures 9 through 11 1indicate the effectiveness of well
designed wet suppression systems. Such systems, however, cannot be univer-
sally used for dust contrel. A spukesmanﬁ for one of the largest companies
that makes and installs wet suppression systems stated that in thelr experi-
ence about 75% to 85% of crushed stone operations could use we: suppressic.
systems. Some stone type and product size operations could not use the systeis.
In these cases, dry collection equipment is used or a combination wet supTes-

zlon and dry collection.
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Figure 9
Before and After Applications of Wet Suppression on a Portable Plant
{Photo courtesy of Johnson March)
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Fignre 10
Before and After Wet Supprossion on o Serceening Operat ion
[(PFhoto courtosy Jolinson bMaech)



Figure 11

Before and After Wet Suppression on a Portable Crusher-Screening Operation
{Phote courtesy of Johnson March)
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In the initlal process stages of production, i.e. primary crushing
and screening and secondary crushing and screening, problems associated with
wot suppression are minima}, However, when used to contrel dust at tertiary
crushing and screening where small product sizes and screen openings are en-
counterad, prnbiams may arise. The wetted dust tends to blind the openings
in fine screens. In agricultural limestone where very fine material is re-
quired in a dry state, the addition of water 1s not practical. Many states
alsa hava.what is knewn as a wash oput test spacification en certain grades
of stona, This test is designed to measure and thereby contrel the amount
of -200 mesk (74 microns) particles in the product., A given amount of
product 1s washed in a prescribed fashion and the amount of particles
passing a 200 mesh screen welghed. If the weight of these particles excesds
a certain amount of the product weight {usually 1% to 2%), the lot from
which the sample was taken is rejected. If the stone is to be used for cer-
tain types of nnncret; products, hoth the fines and any surfactant remains
may have to be washed out of the stone before it is acceptable, This requires
an additiomal plant cperaticn with the need for more water, on the order of
several hundred gallons per ton of product processed, The water residus
would then have to be treated For sclids removal bafore discharge to surface
waters. If discharge is to municipal facilities, a charge based quantity
discharge and a surcharge based on solids cpntent may be levied, If the.
plant diszcharges into a municipal sysiem that was constiructed or upgraded
with a government grant under the Federal Water Pollution Contrel Act, the
p.ant would be assessed both a User Charge and an Industrial Cost Recovery

Charge.
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A potential problem 1s occasionally noted relative to a tendency

of the surfactant material to cause air voids in concrete and bhituminous

mixes. No data could he foimd to identify this as a practical prablem
on a nationai basis. Several producers in the Pepnsylvaria-New York
border refrain from using susfactantz in thelr wet suppression systems,

but ne national pattern or test evidence was uncovered.

System Configuration

The method of suppression described sbove requires a series of spray
bars and nozzles, a supply of surfactant which is proportioned and mixed with
the water, a set of conmecting pipes, yumps to force the water to the spray
heads, and appropriate filters. A method of automatically turning on the
system only when material is being produced is required, as i5 winterizing
equipment when the system ls to be employed in below-freezing weather,

The system is shown below in schematic with only two sprey bars

to demonstrate the aguipment involved.

Spray Bar #1 Spray Bar #2
A A

Spray Spray
Controller Controller

Incoming Water

Control
Actuator(s)

Orum of Surfactant Proport ioner
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The function of the proportioner shown in Figure 12 is to filter
the input water if necessary, add surfactant from a drum at the rate of
one part to 1000 parts water or moras, and develop a pump heed of about
150 psi. This pressure is typically used at the truck duwp at the front
end of the crusher and reduced to about 60 psi at the other spray bars by

means of pressure regulators.

The contrel actuators automatically detect presence of stone on the
conveyor and transmit the signal to the spray controllers. The actuators
'nparate on a variety of principles including mechanical displacement of
the conhveyor belt, woight, electrical interlock with the conveyor drive
motors, by measuring the current load to driﬁu motors, and for fine or
light weight materials that ceuse little COnveyor deflection or motor
drag, by a device mounted on top of the conveyor that is deflected by
material on fhe COnVeyor.

A spray jet controller is mounted before sach spray jet header and
consists of a fllter and a method of governing the flow of the mixed

solution supplied by the propovtioner.
Maintenence

According to a report preparad for the 1.5. Bureau of Mines by MSA
Research Corparetion in April, 19?4?, adequate maintenance of dust control
systems in non-coal mining and ore processing operatlons seeﬁs t0 ke the
excaption, rather than the rule. The report cnpxained results of visits
to 50 mines and 51 mills (processing plants) of which seven were crushed

stone.
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Figure 12

Proportione*, Main Pump and Surfactant Drum
(Photo courtesy of Jehnson March)
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Where wet suppression systems were employed sprﬁy bars were found
where the nozzles were either completely clogged or clogged to the paint
where they were ineffective. 1In most cases, this pr-blem was due to
inadequately maintained water line filters. The report was generally
eritical of the state of maintenance of contrel equipment which was reported
in a poor state of repair in relation to gensral plant.

As with any dust control device, a wet suppression system must be
adequately maintained to keep its efficiency at peak levels. The principal
spurce of trouble is in foreign material blocking the liquid flow. If the
system operates on city water the filters can go for months without serious
effects whereas if the water 1s from wells, rivers, or ponds more maintenance
will be invelved. Although the system details vary from manufacturer to
manufacturer there are gemerally three filters, one at the proporticner, ons
at each spray controller, and one in each spray. The main filter in the
proportioner demands the most attention because it is first to "5&&" the
conditions of the supply water. Cne manuf'ar.:turerﬂ suggests the following
maintenance prﬁcedﬁras. After some experience is pgained with the system the
maintenance schedule can be adjusted. For instance if the strainer baskets
remain clean after several weekly checks this procedure could be extended.
On the other hanﬁ, the strainer basket in the propertiener might need more

frequent attention if the input water has a high amount of solids.
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DAILY MAINTENANCE

1. At time of start-up of Proportioner
a. Check pump discharge pressure.
b. Check operation of level control valve.
c. Check operation of surfactant pump.
d. Check level of surfactant cempact in drum.

e. Check operation of Inlet Water Fllter,

2. Viswally check sprey pattern and direction of all spray jets,

Clean and adjust as necessary.

WEEKLY MAINTENANCE

1. Clean strainer basket In each Flow Controller,
2. Clean strainer basket in the Proportioner.

3. Check operation of all Automatic Spray Controls.
GENERAL

1, Lubricate all equipment requiring lubrieation, including
wheels an Automatic Spray Controls, when other plant equipment
is lubricated.

2. Before first freezing weather, check all heating equipment.
(Winterizing is accomplishedby wrapping electrical heating

tape around pipes much the same as in winterizing rasidential.].
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More detailed information is usually contained ln the System and
Equipment Operation and Maintenance Instructlons gemerally furnished by

the vendors with the equipment.

Portable Plant Applications

Spray systems are Teadily installed in portabls plants, and by the
use of flexible comnections from the proportioner to the spray headers,

can accomodate changes in plant layout. In cold weather there is a problem

in winterizing such installatlons by using heating tape because of the
flexible nature of the hose and its heat transfer characteristics compared
to metal piping.

In areas where arld conditions are sncountered, there are special
problens on water needs for the system which must be considered in setting
yp the plant. As noted previously, if a surfactant is vsed, the total water
needs for a plant would be gbout 1.5 gallons per ton of product, 1If a
surfactant is not used, water requlrements would be 4 to 5 gallons of water

" per ton of pruduction. ‘

There are several regions of the country which have arid conditiomns
and where portable plants are extensively used. Eastern Oregon, for cexample,
is one such region of low precipitation and with high reliance on portable
plants,

Stope crushing operations in this region might obtain water from threc
sources; ground water [uellﬁ ar old quarries that have in;erceptod the water
table), surface water (rlvers, streams, lakes, ponds, etc.), or- tank truck.

Water wells may be constructed whem a plant is to remain in one location for
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a period of time or if the plant returns periodically te the lecatlon. This,

of course, means that sufficient ground water supplies must be available to
meot the plant’s neesds, and beécause ground water occurs speradlcally in
Oregon, weil drilling-is relatively uncommen. The cost of drilling a well
is shout $20 to £25 per foot vlus $15 per foot for casing (steel). Water
when available via wells occurs within 100 to 300 feet of the surface which
would cost between $3400 (drilled to 100' and cased to 75') and $10,000
{drilled to 300' and cased to 2257},

Surface water supplies can be ﬁsed when they are avazilable, A plant

could purchase water from the owner of a farm pond. In other instances, =
stream may be iempnrarily dammed to serve as a source of water for the
crushing operation. The cost of water is about $10 per 1000 gallons or
about $0.01/gallon. This 1s the prevalling cost of water in both Eastern
and Western Oregon according to Oregon 50urcea.lﬂ

When neither ground water nor surface water supplies are available
to a stone crushing operation, water can be supplied by tank truck. These

tank trucks can be purchaszed or rented by the crushing plant, <Crushed stone
plants with their own water trucks, are_frequently af the "home-made" variety.
That is, a tank will be mounted on tha bed of an old truck and used for
hauling water. The cost is less than half of a new truck, The cost of
purchasing a new tank truck can be from about $22,000 for a 4,000 gallon
truck to $43,000 for a 10,000 gallen truck (either diesel or gaseline engine
powered). The operating cost of one of these trucks iz about %0.02/ton of
product (this includes labor, renmt, fuel and servicing).

Another way of approaching the cost 1s to use reatal figures set
forth in a state's method of adjusting highway construction contract

figures for unanticipated additional work, In Oregon, for example,
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according to Oregon highway parsqnnalg when the atate requires supplamahtal
work done and desires to use a contractor's equipment, thers 1s a set pay-
ment schedule on what is known as a "force mecount™, This schedule shows
that on a weekly basis the contractor would be pald an amount of $399.65 +
15% for overhead and profit for the use of a diesel powered gravity type
sprinkling truck {the cloasest to a water truck on the schedule)., Assuming
profit at 1/2 of the 15% figure, the.weekly cost would be $430 or %10.75
per hour prorated over a 40-hour week, This figure includes all expenses,
including fuel and oil, but excludes labor. Labor at $12.35 per hour

. Including markep is, according te contacts with Oregen highway persommel,
4 realistic labor rate to drive the water haul truck to and from a pick-up
point. Since only about 2 hours per day would be spent in driving the
truck, the hourly prorated amount would be 2/8 of $12.35 or $3.00. The
total hourly cost would be $10.75 + $3.09, or ' $13.84. For a 300 ton

per hour plant (one that could be supplied by one 4,000 gallon truck on
one trip per day) the cost per ton capacity would he $i3.84 + 300 tons

or 4.61¢ per ton. To this must be added the cost af the water,

Despite the fact that there is a considerable difference in precipi-
tation between eastern and western Oregon, adequate water supplies are
available if trucking is done and the prevailing rate of about §10 per
1000 gallens of water holds in hath regiunslﬂ. The water cost, assuming

1.5 gallons per ton of product would add 1.5¢ to the trucking cost for a

total of 6.11¢ (4,612 + 1.5¢} per ton of stone crushed for a 300 ton per

hour plant. For a 600 ton per hour plant the cost is 4,45 (see Table L4

per ton added.
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Therefore, the trucking cost alone more than doubles per ton
control costs by wet suppression of a plant required to haul water over
a plant which is not requlired to haul water., This cost of contrtel, however,
viewed in relation to product cost and market posturc of the industry is
nﬁt unreasonable. While operations using wet suphresscnt methods in
arid regions will experience higher uperﬁting eosts, the inelastic nature
of the market and the strong effect transportation exerts on price indicates
that such costs can be passed through with negligible change in product
demand.

A portable 300 ton per hour plant using a wet suppression system
wouid experience control ¢osts of D, 84¢ (see Table 3Y per ton if watar
had te be hauled. The price of crushodlstﬂne FOR quarry is aon the order
of $2.50 per ton. It varies according to locatien of the guarry and size
stone pradaﬂed. The average price of 1975 stone received by one state
depot in Permsylvania in response to competitive bids was $2.41 for 24
stone, and 2.73¢ for 1B. Oregaon repnrtedg an average OB price from -
four cities (Eugene, Grant's Pass, Albany, and Portland) of $2.37 for
3/4" stone, The conttol cost is 4.2% of this average product cost.

This 4.2% pass-through increase would not affect the overall demand for
stone because the price of stone has little effeet on the price of its
major uses. This can be seen from data submitted Ly the erushed stone
industry in 1973 to the Cost of Living Council which concluded that a

10% inevease in stone price would have had little effect on its users.
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Table 3

MODEL WET SUPPRESSION COSTS

FOR PROCESS PORTIONS OF CRUSHED STONE PLANTEl

Capital Costs for Installed System

Small Plant Large Plunt

300 Tons/Hr., 600 Tons/Hr.
Wet Suppression Equipment 558,643 $69,108
Annualized Capital Costs 3 7,330 5 8,639 .

{12.50% of Capital}

Operating & Haintenance2

Electricity 2 .04/KWH $ 115 $ 288

Maintenance Operation § Supplies $14,048 $22,398
Total Annualized O&M $14,163 $22,6860

Total Annualized Cost 321,493 531,325
(Capital + Q&M)

Cost/Ton (excluding water hauling 3.735¢ ' 2.72¢
£ water costs in arid
Tegions)

Added Cost/Ton for water § hauling
in arid regions 6.11¢ 4. d5¢

1. Basic data obtained from: Evans, Robert J., “"Methods and Costs of
i#i3t Control in Stome Crushing Operations", Bureau of Mines, U.5. Dept.
of Interior, IC 8669, September 13, 1974, adjusted as follows:

(2) Electrical operating costs increased from $.015KWI to §.0407KwH

{h) Operating time increazsed from 40% to 80%

{c) Capital costs and maintenance material adjusted to Junc 1977 by
Wholesale Price Index for General Purpose Machinery § Equipment
{33% June 1974 to June 1977)

{d) Operating and Maintensnce labor adjusted to June 1577 rates
by use of 0.5, Dept. of Commerce Survey of Current Busincss
Conditions for Private, Non Agricultural Businesses (24.3% from
June 1874 to June 1977

2. ({a) Supplies do not include water costs.

(b) Surfactant costs adjusted from $2.60 per galion to $5.00 per pal.cn
to reflect current prices.
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At that time the average price of a cubic yarl of concrete in place

was $125. The average price of the stone at the quarry waz $1.73 per ton;
FOB delivered it cost approximately $3.00. 'This was less than 1.4% and

2.5%, respectively, of the price of the Enncrete. Thus a 10% increase in
the price of the stone at the quarry would have a negligible effect on the
per yard ¢ost of concrete in place, increasing the price by $.17. The

effect of a 10% increase in fhe price of stone would have about a 37 increase
in the price of a $30,000 home; a $500,000 building would be increased by
$180, a $400,000 per mile highway by $640 per mi;e and & $360,000 schon]
building by $140,

Transportation costs make the industry one of local competition
with the notable ecxceptions of some stone sources with aceess to cheap
water transportation. 3Stone transportation costs range roughly from 12
to I9¢ per mile for truci transportation, so that proximity to market
is the major competitive determinate when yard prices ate several dollars
per ton. Because of the demand inelasticity and this high impact of
transportation cests for the finished stone on-slite delivered price, one
would expect negligible decrease in demand for stone with the addition
of the control costs, and a pood ability of a producer to recover the

cost by price adjustments.

Control Costs

Typical control casts for two size plants using wet suppression
techniques are shown in Table 3. To these figures must be added the
witer costs developed above if the plant is in an arid regien. (Oregon

figures used in the table).
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