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EXECUTIVE SUMMARY

Noise levels generated by the crushing and screening of
nonmetallic minerals are regulated under 30 CPR, Part-56 "Health
and Safety Standards - Sand, Gravel, and Crushed Stone
Operations." Specifically Section 56.5-50 states:

Mandatory. (a) No employee shall be permitted an
exposure to noise in excess of that specified in the table
below,

PERMISSIBLE NOISE EXPOSURES

Duration per day,
hours of exposure

8 , .. " " ...........•........•....
6 " ....................•....
4 , '" ....•••......•... , ....•. , ..
3 .................•.............•............
2 ..•...•....•.••.•...................•....•..
1~ , , .
1 .
~ ' .
t or less .

SOW1d level
'dBA, slow
response

90
92
95
97

100
102
105
110
115

No exposure shall exceed 115 dBA. Impact or impulsive
noises shall not exceed 140 dB, peak sound pressure level.

NOTE: When the daily noise exposure is composed of
two or more period of noise exposure at different levels,
their combined effect shall be considered rather than the
individual effect of each.

If the sUm

(C IT )
n n

exceeds unity, then the mixed exposure shall be considered
to exceed the permissible exposure. Cn indicates the total.
time of exposure at a specified noise level, and Tn indi­
cates the total time of exposure permitted at that level.



15

Interpolation between tabulated values may be determined
by the following formula:

Log T 6.322 - 0.0602 SL

,~ .:

Where T is the time in hours and SL is the sound level
in dBA.

(b) When employees' exposure exceeds that listed in
the above table, feasible administrative or engineering
controls shall be utilized. If such controls fail to reduce
exposure to within permissible levels, personal protection
equipment shall be provided and used to reduce sound levels
to within the levels of the table.

Enforcement of the standards has shown an acute, problem
in the sand and gravel and crushed stol}e 'Iindustrie·s·.l

I
A survey of eight selected typical plants has shown that

plant operator and plant cleanup personnel exposures can be
three to four times that allowed by the standard. Table ES-l
summarizes equipment and'circuits at the eight visited plants.
Noise level measurements (summarized in Table ES-2) identified
the following noise sources as readily accessible major con­
tributors to the ]overexposure problem:-]

a. Screen feed chute - Typically, the screen is fed
through a steel chute from a belt conveyor~ Material
discharged from the conveyor impacts thelwalls land .

,bottom of, the steel chute. Some plant operators have.
:\' installed "dead beds" in these chutes which retain a','
layer of material at the impact point to absorb the \'

Iforcebf·the.moving material impact· -and to minimize wear .\ .
I . \

b. Screen feedbox - Typically, the material dis6harging
from the screen feed chute impacts a steel screen
feedbox which is an integral part of the screen.

c. Screen- The typical screening media is either punched
steel plate or woven wire cloth. Most are furnished
with steel side wings. High noise levels are gen­
erated by the impact of the material on both the deck
and wing liners.
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Screen discharge - Typically, the oversize material
from tne top screen deck drops to a steel plate over
the crusher or directly from the screen onto a steel
discharge lip.

Crusher feed hopper or chute - The feed to the crusher
impacts a cylindrical/conical collection hopper that
directs the feed into the crushing cavity. Often
the feed to the crusher is '~parse and the impacting
material strikes the hopper individually. A heavily
fed or choke-fed crusher has the opportunity for a
bed of material to build up and therefore attenuate
the noise.

Crusher feed plate - Typically,icone crushers are:
supplied with an abrasion-~resistantmetalfeed plate.
Material dropping into the-C;rusherstrikes the feed
plate - particularly if the crusher is not choke-fed .

. \----~

Crusher feed cone - Typically, the feed cone is\lined 1

with manganese steel plate for wear. The mater~fedT
to the crusher strikes the feed cone.

Crusher main frame - The shell surrounding the crush­
ing cavity typically is impacted by discharging ma- .
terial from inside of the crusher. This shell acts
as a noise radiator for all of the noise generated in
the material reduction process from within the crusher
itself.

Crusher discharge - IThe material discharged from the
crusher is typically transferred via another steel
chute to a belt conveyor which transports it to the
next ;comminution stage or to a stockpile. \

. "

Foster-Miller Associates, Inc., under USBM Contract No.
JOI00038, has designed, installed, and evaluated retrofit noise
control techniques in three selected crushing and screening .
plants.
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The primary crushing plant at Plant B was fed run-of-mine
(ROM) ::Illa,t~ria.l-_from:·the .:'qlla.J;~Y.: Quarry trucks and/or front end
loaders dump'material into the feed hopper. The ROM material is
then chute conveyed and sized by a Cedar Rapids 16 ft x 42 in.
Vibrating FeederGr·i:'~z:lY-:·:~Tl1e·-6v-e-r's·tzea-mate:iTiir'Trom the griz zly:'
is fed to a Ce4a:rIRaPra"f* Model 3242 Jaw ~rusher. The discharge".
from the crusher·:-and 'the throughs.'from·tthefeeder. gr,izzly are:· ' -...-­
conveyor-belt-transferred to a stockpile. The primary crusher '.;is . '.
operated by one man froma. stati0n~ry~19cation. Previous atte~pts.
to reduce the operator I s ~exposure"by.;,constru.c.ting a control booth
had limited effect. Th~ ori~i~ai 660E& had-'S~~n mounted on the,
primary crusher frame and was not equ,ipped with air conditioning..
As a result, particularly during hot weather, the operator norJ!l'- .. ­
ally observed plant operations from the catwalk above the crusher ~.

feed."- • - - •• __ •• ' ... , • "'"0"' ._"-_.•.•..=._,... __ .. ;:-:

, ..n ',-

r:', I-:

The retr.of it ,tr,eatment .. f,r.om .:this..pla,D-,t . Yl.Cl13, _Cl.ILe.w. QP~:ra:toJ;" ~~
control booth. The booth was manufactured by Design Space Int~r-
national according to FMA specifications. The booth was '
installecI·:-on-'::25·· N'ovem,l:>er=·'r:9;S'0 -'by:qu'aYr=-y:p'e~rsonner (F.:ig"ure ES-l)-:.
The b06thwas' mounted on a: steel' suppOrt 'stru:cbire', erected by,~j

'the quarry. The door from the booth opened', onto1 the crusher cat­
walk to provide easy access for the operator. Noise levels,:
measured after installation showed 97 dBA on the crusher catwaIk
and less than SO dBA inside the booth. Adequate visibility an~

adequate heating and air conditioning have also been provided.·:.
A view of the booth interior showing the operator quring norma~

plant operation is shown in Figure ES-2. -

The cost of the booth was $4919 for the complete booth de~

livered and 40 manhours of quarry labor for installation~

ES.2 Plant B - Secondary Crushing and Screening Plant

-'- ~.:.

,~ --

"', I

,~~ .J

:;2

33

Plant B (Figure ES-3) is a~ inclined screen/cone crusher,~Ty
secondary portable plant. The coarse feed to the plant, -10 iA., -~
is conveyor belt fed to a steel screen feed chute and feedbox,
accelerated over a 20 deg, 5 x 14 ft Nordberg inclined double- ,J.

deck screen, discharged into a steel crusher feedbox, crushed in. _.
a Model 5100 Standard Symons Corie Crusher, and finally discharged

3<:· *Reference to specific equipment (Cedar Rapids Model 3242 Jaw Crusher) does
35 not imply endorsement by the Bureau of Mines.

. , ... - ..-..--_. '-'_":::'

" "__ _ ..-..-_ . ._._. ~R_. .__~ _'~_",."", .. _. __. ._ ." •__ .• _..... "- ... "_-......... . ~.~_'_ ..._~ ...__-...;_~._"_

:::':,OOi2~

- ') h fRO
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FIGURE ES-l - New primary crusher operator!contro1 booth!
being insta11ed. ;
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from theplant~on.a~tran§f~~~bel~.~~Thisplant is not production­
sensitive in that the screen is not overloaded and it is used
primarily for separating rather ,than sizing. Effective screening
takes ~ pJ.,ace _:~~thi.n~',the :fir:s~,.~n.e-t};)'ird of the screen and both the
top and bottom deck throughs are closed on the crusher feed. The
crusher is not overloaded.

The following retrofit noiSe ciontrol treatments were in-
stalled at Plant B: ~.

a.' Resilient screen,feedbox_liner
\ ...... '-- -. - ,- -- ',~ •• --'., - <- ,-'-

b. Resilient scre'en·.top:~deck::: =: ':.:C'.'>.

c. Resilient screen wing liners

d. Resilient screen discharge lip

e. ResilienL.crusher, feed .ho.ppe.r_l.in.E=X__

f. Resilient crusher feed plate
. ,. , . , " . -' ~. . " ' .... '" ~ .. . ..

g. Resilient crusher feed cone liners

h .. ~ :'. ~C.p.+:.sher ,no~~c.e_·':..~uEt:.atn ~!: ~; ;::~ 2 .. :.'~, 2:; ... _ ,2:,:""

'-:

. :I

__ l

All installed resilient materials were steel-reinforced rubber~

supplied by Trelleborg Rubber Company. _
,:.. ..

,...~ ......

,!.; j

• r
.(.:..

All retrofit treatments, except the feed cone liners and Ehe __
crusher noise curtain, were installed on 26 March 1981. Noise~
radiating from the crusher shell, identified after the initial: ~!
retrofit treatments were installed, was reduced by the additio~ .~,.:

of the floating feed cone resilient linings and the noise curtain .. "
Noise 'measurements made at plant operating positions and cleanup
areas showed noise reductions of 3 to 7 dBA. These reductions~

which approximately double the allowable exposure times in these
areas, should reduce cleanup and maintenance personnel exposure
levels to within those specified by the standard. ~.

The performance of the installed materials was monitored_
from 26 March to 21 October 198i. During this period, Plant B
had processed approximately 198,000 tons. The observed wear of
the materials during this period has been minimal. Through
21 October 1981, the screen feedbox liners and discharge lip are
showing some dishing at the primary material path (Figure ES-4)

"The _screen .cl0.th_.(F,ig.ure ES-:5 L. has .xounded ,at..the_ed.g,es, __ oL the
material sizing holes.

"

1?::oofs~

L . ~ __ ,

rJ :;
.~,~ .... - ........ ----_--....-
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FIGURE~,ES-S 0 - Plant B ~. resilient screen deck after
-\l a -r':-" c' _pfocessihg.~19;8 ,.0 Q,O (tons 0; ar a \
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The crusher feed hopper liner and screen wing liners have
shown ~iitu~lly rio wear (Figure ES-6). The resilient crusher
feed plate (Figure ES-7) did wear prematurely due to its being
manufactu~edundersized. I.t was later replaced with a new re­
silient feed plate (Fig-u-re- ES-8) .

,
--'

Part of the crusher feed cone liner also failed prematurely.
Two of the seven installed lining segments!s:~me loose an_d _ L
passed through the crusher. Noise produced from the crusher
shell was reduced after-the lining failure by installing a
sound barrier curtain around the exterior of the crusher shell
(Figure ES-9) .

The total costs of the installed materials at Plant B were
$14,003. Installation required 66 hr of quarry labor.

I

ES.3 Plant A----Secondar.y--Cr.ushing__and....Screening Plant
I . -

I . c) . II! _...-...Pla·nt_A .. (.F.ig.ur.eHES-:,l.Q.) is~a. hori.zontal ..screen/cone_cr.ushe:i? i{
I :secondary portable plant. The coarse feed to the plant, -10 in.:., I '

is conveyor beLt .fed .to a. st.eelscreen feed chute and feedbox.
I The . fee(ftti~thi·s·-·piah·F~corrt:a-iri~·rrio:le~i('dOa:rs~~E'fe(ecaj. ';tl1ari~clhant B-;.:
j- .and -the --materIal' ls"not'acceler-a'ted- ove£'-fhe- 's'cr-een'a'sm-uch"as&:,
. at Plant B. The screen is a 5 x 14 ft Cedar Rapids horizontal.... 1_

: double-deck screen. In the original plant, the oversized mate~~ ~
ial from the top deck discharged into a 4-1/4 ft Standard SymoflB:
,Cone Crusher. During the program, the plant operator changed 8: i

over to a Model 1500S Telsmith cone crusher. The plant was al~b

~odified to feed the oversized ~aterial from both the top and 2
bottom screen decks to the crusher. These modifications were ~ .
'made between the design and installation phases of the program,_
:which resulted in extensive field modifications and remanufact~~-
~ing of the noise control retrofit treatments. ;,

,

I;

The following retrofit noise control treatments were
installed at Plant A:

b. Resilient screen feedbox liner

a.
:=-:Resilient impact pads -on the wall and bottom of the

screen feed chute
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,c.'.'.

d> "R~~ilierit~scre'~n~t.ling liri-~rs

e. Resilient screen discharge lip

:f; --c~·Resil-ien:t.'~C·r'l1ghei-:feed hopper liner.
I

. All insta lled mater ials._were __s_teel-,wire~.r.einfor.ced urethane
supplied by Durex Products, Inc.

The screen feed chute impact pads, crusher feed hopper
liner, and top screen deck were in~talled on 30 April 1981.
The screen discharge lip:~0hith r~~tiii~a i~fu~hufacturing
because of plant modificatTb.ns'f -the2 "screen!"s'i'de wing liners
and screen feed chute bottom liners were installed on
9 June 1981. Noise measurements made after this installation
showed that replacing the bottom deck with resilient media
was also required. This modification was performed on
2 3 June 1981. -- --.'--_. " -- - --- . ---._-_ ....

- ., .. The -installedtreatments'at"Piant -A' snowed·'s·ignificant·
noise reductions near the primary sources. Sig,ni(icant re­
ductions~ at gToun,d l~;veL ,cleanup ,and"oper·at:i_on ~locat-ions,'11

.however,: 'were- never achieved.. ~. ·p-remafure "w~ear _'of: -in'steil.led .
components coupled with the need for remanufacturing mis­
sized components (due to plant modifications) prevented a
successful progressive retrofit program at this plant. For
example, the impact pad installed on the wall of the screen

-feedbox had failed prior to the installation of the screen
discharge lip. The screen top deck had failed prematurely_
and was being replaced by the quarry operator before the

-bottom deck could be delivered and installed. Figure ES-ll
. shows the wornout top deck after processing only 191,000 tons.

By the end of the monitoring program in October 1981,
all resilient materials except the bottom screen deck and
crusher feed hopper ~liner hadbeen replaced. The crusher .!
feed hopper had worn to the reinforcing wire as shown in
Figure ES-12. The screen bottom (Figure ES-13) deck was
also nearing the point of replacement after processing
212,000 tons.

e.,.
C.'.I

,. -, ,

.' ,J

~; ....

.') --
~ -
j :...

The material costs at Plant A totaled $17,085.
lation required 69 hr of quarry labor.

Instal-

c<.'
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".'.:<:',-y::";'

....::{":~.: '~j:.::~.,;:~,:. ::~:::. -.'

'.':

,.,1

" ..., "

FIGURE ES-11 - Plant A -\resL1Lentltop screen deck
after processing. 191,000 tons.
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Treatment techniques employed the use of advertised commer­
c ia lly~''-ava::i'·ta~b1?e 'iEf8-"fFieh t:~ l-/'e'a'r', mater ia1 s that couId be pract ic­
ally applied by the smallest and largest operators. Treatment
costs for the portabl.e.. plants-wer.e.kep.t-to-abou.t-5-to 7 percent
of the purchase price of a new 200 to 300 tonsJhr plant. Reason­
ably maintained plants invest this amount annually to repair .
material handling equipment or tran~fer points. Care was take~

not to adversely affect the performance of ,the comminution cirG~it .,
or the equipment utilized!.; i:1i.- --t-ne ·-c·ir-·cu.i:t=. -.:'cThe-:, wear performancE?_ .
and noise reduction vers·tfs L'C0S-t: ·:6·f ~-t~h;e-::rubBepir'products utilized~.

during this program have led FMA to conclude that retrofit noise
treatment can be economically applied to portable plants.

-'-_J

r
.L ",

- -,

It is also reasonable to as'sum'e that new portable plants' c"kn =J
incorporate this t'e"chnology-' i:ntoc-t"he-ir-manu'f'ctctU'r"ing' process ana. . ­
address additional sources. A retrofit program only addresses ~ ~

fie-l'd- accessib"le areas-r-but,' new 'plants" "can- -:be "designed and:fa:1:f.ii- 0'­

cated to incorporate resilient materials for improved wear and:~ -7

noise cOflt-l:'9L. 1 Cost;tradeo;ffs;.;;for ;newcp-lants acre; Pp,;;sJ-ble when-;
~3 .- -_ .......... ,._.- - -" ~ \,--- -----.- ."""-" -" - C..i. .....J '--' .- .• --_ .... - \.-"--......- _.""---.- _,I --

._wear.::-,r,esistant. res,il,ien.t_material.s. ar.e .subst.i.tuted.. for-abrasion.'
resistant (AR) metals. The justification for incorporating co~t~ -r

effective noise treatments in portable plants, without substan-; "
:tially affecting productivity in: the secondary circuit, has bee'n .-.
~stablished with this program. ~ ~~
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"1 ~··iNTRODUCTioN

This ~dbcument is the Fina'} Technical Report for USBM Con­
tract No. J0100038, IIDemonstration of Noise Control Techniques
for the Crushing and SGreening gfNonmetallic.Mine.rals. II The
report presents the details of a survey of the nonmetallic mining
industry, the design and installation of retrofit noise control
treatments for three crushing and screening plants, and the field
evaluation of those controls under actual operating conditions;,

1.1 .Background

The permissible n~ise exposure~s·of.': workers .in the crushing
and screening of nonmetallic imine·ralsTs regulated uhder 30 CFR
56.5-50. Under this regulation" 90: dBAis -the maxinium sound
level to which an employee can be exposed for 8 hr on a given ­
working daYi for every 5 dBA increase in sound level above 90 dBA,
the permissible exposure period is halved. Under current regu~·

lations, exposure to levels below 90 dBA does not contribute to
the worker's daily noise dose. Under an anticipated regulation,
the noise-:'.level-versus-IDermissible-daily-exposure curve shown in
Figure 1 is extended (indicated in the figure by the dotted
portion of the curve) to include a l6-hr exposure at 85 dBA. Thus,
under the anticipated regulation, exposure to noise levels less
than 90 dBA would contribute to a worker's daily noise exposure.

Many of the workers in nonmetallic crushing and screening­
plants are exposed to levels that exceed those allowed by the .
regulation. For instan6~i typical noise levels for screens and
crushers range from 95 to 1115\ dBA, with average operator exposure
times as high as 6 to 8. h;~~ortable plants, it was felt, create
an especially acute exposure problem. Because of the approxi­
mately 12,000 portable and stationary nonmetallic processing
plants currently in operation, the impact of crushing and screening·
noise on the health of employees in this industry is severe.

To control noise in the crushing and screening of nonmetallic'··
minerals, three problems must be solved:

a.

b.

The prevalent sources of crushing and screening noise
in both portable and stationary plants must be
identified.

Appropriate retrofit noise control treatments for
these sources must be designed.

',' :-

"..; j
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ICURRENT REGULATION i
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lO.4f [[&!MW [1J~'-' @ d-ffiJ'l8J(I01
[PERMISSIBLE'DURATJON OF'EXPOSURE -(hr)f

FIGURE 1. - Noise level versu~ permissible daily exposure.
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-
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c.

~_ • I

~:.:

1': .

The noise control treatments must be field tested unqer
actual operating conditions to demonstrate both the{~ ~~
noise control effectiveness and their durabilitY.f

1.2 Objectives
:;. .~-:

The broad objective of this program was to develop and demon-~~
,£ .:

strate retrofit noise control t~chniques for the crushing and LI

screening of nonmetallic minerals in portable processing plant~. ~:

Specific contractual objectives of the program included th~
. following:

,'-:':."

-, <....
~. '-

j -_.

a. Identify the prevalent sources of crushing and screen­
ing noise in both portable and stationary plants.

]:3
"b... .De_s.ig,n ap.pr.o.pr.ia:t.e.x.e_trof i t_.np.is.e ..CQDtr.o.l. tr.e,atments_.

for those sources.

c. Field test noise control treatments under actual
operating conditions._

?~~.1:_r2 ~_ ~(' -l2:~·C:_c;c~~~ ~j·l].~'_J.. t'5J.se ~j_·t~-_2 ~S:"J~ l:"~':S:~~~

----_ .._-
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1.3 Scope of -Effort

The program was to be completed in three phases:

1. Phase I - Noise Survey

2. Phase II -Retrofit -Treatment Design--

3. Phase III - Field Demonstration.

Assess the nature of the noise source'siBo\ that appro­
priate control technology_ could be selected

b.

-I Ph~";:ie-' -1"- effo"i'-F Inc lUdedp~'rforming a census of the nonmetal- ~:;I
I lic mining industry to determine the number and types of equipment 1i ,'

I

I used in the crushing and screenlng--o-r-n6nmeTarri-c -mineral ~, and ~',i

then conducting visits to eight pla~ts to make noise surveys. _\
The purposes of the visits were to: ~ ;~

-If .-- a. I"Identify the operational 'and mechanical constraints f
i that must be considered in designing and implementing i
L~etrofit controls /----- ~

!

c. Determine worker noise exposures that are represent­
ative of crushing and screening operations.

Phase II effort included the following:

a. Final site selections and cooperative agreements

b. _Preliminary design of retrofit noise controls

c. '

d.

Follow-up plant visits

Final design.

The final design consisted of engineering drawings, material
specifications and material and installation cost./estimates! for
retrofitting~three selected plants .

./

Phase III was a field demonstration which included:

a. Purchasing, fabricating, and installing noise control
treatments

b. Fi~ld testing the' installed treatments to' determine:

,- -
.J-•• ,.-..,....... .•-'.-. -

-. ~-~ .....-'._~.- -'\(":? ",
-.:....=:.~---------

{,- r>
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Ll. 'The effectiveness of treatments for reducing noise
levels and thereby reduce worker exposure.

2. The wear properties of the retrofit materials,
including any changes in the initial noise
reductions.
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2~ - INDUSTRY SURVEY

A census of-the nonmetallic mining industry was performed
to determine the number and types of equipment used in the
crushing and screening_of nonmet_allic minerals ,.and to select
eight plants for on-site visits. The purposes of the on-site
visits were to:

a. Identify the operational and mechanicaliconstraintsthat J
must be considered in designing and impfementing re- ;' .
trofit controls

b; Assess the nature of the ndise sources so that appro­
priate control technology· can:-be selected

··1----

c. Determine worker noise exposures that are represent­
ative of crushing and screening operations.

This section summarizes the results of the census and on-site
visits.

2.1 Census of Nonmetallic Mining Industry

Extensive surveys of the sand and gravel and crushed stone
industries were performed in 1974 and partially updated in 1979
by the staff of the trade magazine Pit and Quarry. The 1974 Pit
and Quarry survey included mailed questionnaires to 3000 plant
managers from a total United States population of approximately
12,000 sand and gravel and crushed stone operations. A total
of 562 useable questionnaires were returned. Of these:

a. 362 (64.4 percent) were from sand and gravel operations

b. 200 (35.6 percent) were from stone quarry operations~

Reported annual production was:

a. 283 plants (50.3 percent) < 200,000 tons

b. 152 plants (27 percent) - 200,000 to 500,000 tons

c. 74 plants (13.1 percent) - 500,000 to 1,000,000 tons

d. 53 olants - (9-.4 percent). > 1,000,000 tons.

1,_ - --
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The results- _of the surveys were -made available to FMA for
this program. FMA confirmed the data through:

a.-- -bi~cussiofis with-equipment manufacturers and users at
an international equipment exposition

b. Telephone interviews with the plant managers for large
quarry equipment users, and a number of randomly­
selected small operations

c. Telephone interviews with equipment manufacturers
including:

l.

2.

3.

4.

5 .

Allis-Chalmers

Hewitt-Robins, Division of Litton Industries

Iowa\Manulaci:urini[Co; __~,_
Nordberg, ',151vision- of Rexnord Incorporated;-+,
Telsmith, Division of Barber-Greene.

Survey results are summarized in the following subsections.

2.1.1 C~ush~r S~atistics

Table 1 presents Pit and Quarry's tabulation of crushing
uni ts by stages from their -1974', survey. The table illustrates
tha~ a jaw crusher is the most p~_pular for first stage crushin~'

and Ith?_~cOne~_TJ!.:sher is the_!'JP st_p_?-pu lar for -se co~~q.~'U~ tertiarJiJ_l,;'?~
and quarternary stages. Table 2 llStS the crushers by type and ,­
manufacturer's market share. Table 3 lists the crushers by
type and size distribution. In Table 3, jaw crusher size is
listed by the mouth opening in inches and by the mouth width.
The gyratory is listed by the largest diameter rock in inches
that can enter the crushing cavity. The impactor size is deter­
mined by the rotor diameter and by the rotor width, which is the
same as the maximum width of a rock in inches that can enter the
machine.

The jaw, gyratory, and impact crusher sizes are designated
lin a manner that allows the user to estimate the maximum dimen­
sions of the run-of-mine (ROM) material that he must quarry or
liberate from its parent strata. A crusher accepting a maximum
size rock of 30 x 42 in. is typical for a portable plant using
truck haulage or front end loader haulage from the quarry to the
plant.

;--

\
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TABLE1~ ~'Crusher~population:by crushing stages (1)

< . " ~.

.- , . - ,

~

Total
'. , Crushing Stages

- _.-"-..,
, "

i
FourthCrusher ipopu1ation First Second Third

.. -- - . " -- _.- ., .

Jaw 9,758 8,499 1,103 156 -
,

Hanunermi11 2,586 401 1,337 670 178,
I

Impactor 2,069 1,289 .546 195 39:
- '

;

l.----.---------I
Gyratory I 3,985 1,359 1,765 821 40

I ,
I

Cone 8,570 746 4,833 2,374 617

Roll-Single -'~89 75 225 189 ---,

Roll-Double 3,984 434 1,689 1,343 518

Roll-Triple 419 - 251 126 42

-'-,~,~-----+--
"Roll-Quad " 140 - 35 105 -

Cage Mill-Single 252 72 180 - -

: Cage Mill-Multi 140 - - 93 47

The cone crusher size is a designation of the diameter of
the gyrating head. Its utility is best served in the secondary
and tertiary crushing stages. The material that a cone crusher
sees has already been through a reduction stage and the, head

~ size designation is more indicative of a feed by volume rather
than size.

Based on Pit and Quarry's survey, 71 percent of the current
crushers are mounted on stationary supports and 29 percent are
portable. These, numbers, however,~ be mis leading. Respondents'
to the survey may have been confused by portable plant and
stationary plant classification 'questions. For example, it is
not unusual for,~n operator to buy a crusher on a portable chassis'­
and then to'perManently mount the chassis on concrete footings.
The unit can then be considered stationary. However, the plant
still has the flexibility and characteristics of a portable plant
in that it can be moved readily to a new location intact and can
be set up~_y~e!:y 3_uicklY~-":cand..-:-:wi t.:h a m.inimum cost.:.. _

~'-- ------
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TABLE '2~ -Crushers by type and manufacturer's market share (ll

- - Percent market share by type
., -

Manufacturer Jaw Gyratory >- Cone Hammermill
Acme - 0.4 ---- . ·11-

Allis-Chalmers 2.2 34.5 8.7
American 4.0 . ,

Austin Western 5.1
Badger 0.7
Birdsboro .0: 4 -- _ ..

Bulldog I; 2.7
Diamond 4.0

·1.
Eagle Crushers , 0.7 5.4
El Jay 0.4 0.9 5.4
Farrell-Bacon 1.8
Gilson ' , .. 2.7

I

Good Roads " 0.7 ' '

Gruendler' 0.4 6.8
Hewitt-Robins 2.2 2.7
Iowa Manufacturing Co. 24.0 33.8
Kennedy-Van-Saun 1.1 8.0 1.7
Kue Ken 2.2 2.7 0.8
Lima-Baldwin-Hamilton 0.4
Lippmann 4.7 2.7
McCulley 1.8
Micro Pulverizer 4.0
Missouri Rogers 4.7 1.4
New England 0.7 0.9 1

Nordberg 15.0 56.2
Pennsylvania , 5.4
Pettibone \ 1.4
Pioneer Division, Portee Inc. 12.7
Reliance 0.4

,

Stoll 1.4
Telsmith 7.3 11.5 "'13.2 ' .

Traylor 3.3 15.0 ',0.8
Universal Engineering 10.5, 9.4
Webb 0.3

,

Williams 5.4
No Name 8 ? 9.';/ i 13.2 9.4---

, !

100.0 100.0 100.0 98.6-

"
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TABLE 3~ ~ Crushejs.by:type and size distribution (!)

I
I

Size i I Size I

I (in. ) Percent (in. ) Percent I-- --- ---

Jaw Impactor--

8 by 24 0.4 10 by 20 2.8
9 by 16 to 36 1.8 22 by 22- 2.9

I 10 by 16 to 40 33.2 20 by 20 to 42 22.8
11 by 20 0.4 32 by 20 to 35 5.7
12 by 20 to 48 6.6 33 by 42 2.9
13 by 36 0.9 36 by 42 to 55 25.7
14 by 24 to 28 3.1 37 by 55 2.9
15 by 24 to 38 6.6 38 by 50 2.9
18 by 24 to 38 7.4 43 by 36 to 40 25.7
20 by 30 to 36 5.2 44 by 42 2.9
21 by 36 0.9 46 by 54 5.7
22 by 30-to 48 3.9 53 by 48 to 60 8.6
24 by 36 to 48 3.5 55 by 53 5.7
25 by 40 2.6 56 by 60 2.8--
28 by' 36 0.4 '~,,:,:-;~_r~_

30 by 36 to 48 10.9
32 by 40 to 42 2.6 Cone--
36 by 42 to 48 2.2
40 by 48 0.4 24 3.2
42 by 30 to 60 4.4 28 1.3
48 by 60 2.2 36 25.5

',,:60 by 84 0.4 37-1/2 1.3
" , 100.0 38 0.6 I

45 1.3 I

Gyratory 48 32.5
51 14.0

10 1.6 54 5.1
12 3.1 57 1.3 I
18 3.1 60 0.6 I

I

19-1/2 1.6 66 10.2 I

20 1.6 72 0.6
24 4.7 84 2.5
25-1/2 1.6 100.0
28 3.1
30 7.8 Hanunerrni11
36 14.0
37-1/2 3.1 12 by 24 2.9
42 17.2 20 by 33 2.9
45 1.6 24 by 32 to 36 11.8
48 12.5 30 by 30 to 40 32.4
51 4.7 36 by 38 to 40 5.9

I60 14.0 40 by 30 to 36 38.3
I 66 3.1 41 by 36 2.9

\ I I
72 1.6 42 by 24 2.9

\
100.0 100.0

- '- -" - -~ "--.
~

-: r' .-.._'::=- r' 'r.: ~_ ........ -.....; __ c_
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Table 4 summarizes the Pit and Quarry survey data for screen
installations. Inclined screens are installed as stationary
screens 83 percent of the time and only 17 percent are installed
as portables. Horizontal screens have thei~ greatest utility in
portable plants. Overall, inclined screens are the most popular
and outsell horizontal screens. by about 3 to 1 ..

Inclined screens are normally installed at an inclination
- L!?l 1_:> to 20deg. Gr'avft¥_a_I2~ mactiTne-induced material/

I

I inertia accelerate the p~oduct bed~ Most inclined screens are'
I a constant circular throw of about 1/2 in. The. motion is con-

trolled by an eccentric driven by a "V" belt drive. The motion
can be!with-the-material: flow for large material (2 to 6 in.) or
counteF:(iow for smaller ,material or for longer retention of the
material on the screen deck. The smaller the material being
screened, the smaller the throw. The throw is adjusted by chang­
ing the counterweights on the cross-frame drive shaft.

Low headroom requirements, common in portable plants, re­
quire horizontal screens. Horizontal screens, however, do not
have the capacity of inclined screens because gravity is not used
to promote material flow. Motion is imparted to the screen decks
in the Sillue manner as the inclined screen. The motion can be

--"- -_._-~

circular,. elliptical, straight line, with-flow or counterflow.

Table 5 tabulates the relative popularity of screens by
manufacturers. No data were available breaking down this tabu­
lation into inclined and horizontal screen fractions. Most
screen manufacturers:produce both types. Table 6 tabulates the
screen population by size. Again, no distinction is made between
inclined and horizontal screens.

2.1 . 3,~.~:t;:~~ning Medi g

Pit and Quarry's survey was further confirmed by an in-depth
study by Twin City Wire Cloth Division of Minnesota Fence and
Iron Works in September of 1979. Their survey was made of the
original screen equipment manufacturers and the producer members
of the National Limestone Institute. The study sought answers
to the following questions:

a. What are the. advantages and disadvantages of the most
popular screening media?

~! ? --': -
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TABLE 4: - Screen statistics (1)

Type of screens

Description

Number in use per plant

Number in use
in industry

Estimated annual
purchase

Phy?ical characteristics

Vibrating, %

Non-vibrating, %

Stationary, %

Portable~ %

2-Bearing, %

4-Bearing, %

NOTES:

Inclined
screens

37,886

5,781

96.6

3.4

83.2

16.8

69.5

30.5

Horizontal
screens

0.93

11,243

1,988

95.1

4.9

59.9

40.1

19.4

80.6

-Rotary
screens

0.10·

1,398

I
-·----~I

216 I

Totals

50,527

7,985

.
1. i At the present time, 15.3 percent of all screens are enclosed

2. Percent of plants that have installed screens in the past
3 years = 26.5

3. Percent of
12 months

plants planning
= 24.0 yes

0.9 maybe
75.1 no

tOlbuyi screens in the next
-,--- - -,-

\
'-_.~\;' ~~" :.. :-
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TABLE 5 •. Relative popularity of screens by manufacturer (!)

-.----.-r----..,.----------------'"T----..,.---------.......
Percent

0.7

10.0

0.3

0.3

0.1

0.1

0.1

0.1

0.4

4.5

0.1

0.1

2.4

11. 9

0.1

11.6

0.4

0.9

1.8

Manufacturer

Aggregates Equipment, Inc.

Allis-Chalmers

Barber-Greene

Bonded Scale

Bodinson Manufacturing Co.

Carrier

century

Clark

Diamond

Deister

Derrick

Eagle Crushers

El Jay

Hewitt-Robins

Huron

Iowa Manufacturing Co.

Jeffrey

Kolberg

Kolman

Percent

0.6

2.9

0.6

0.3

2.6

0.5

0.1

0.3

5.6·

0.1

0.1

6.7

10.8

0.1

0.7

3.6

15.6

1.6

, 1. 3

100.0

Manufacturer

Kennedy-Van~Saun

Link Belt

Lippmann

Niagara

Nordberg

Overs tram

Orville-Simpson

Peerless

Pioneer Division,
Portee Inc.

Rogers

Rotex

Screen Equipment Co.

Simplicity Engrg.

Stephens-Adamson

Syntron

Telsmith

W.S. Tyler Company

Universal Engrg.

Shop made
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- -, __ .1',.

b. Wha-t are the most important factors in selecting a
screening media?

c. -What' is the cost of a- particular media per ton of
throughput?

Twin Cities ran a second survey for the purpose of deter­
mining the relative importance of buying motives. Producers in
the National Limestone Institute were asked to rank in order the
following factors:

0. '-.

"II

\

'1'1, "

I': :'

,
-------\,.d? '-!~

'\ / "-',1

---------- ----'- ----

a. Sizing accuracy

b. Screen media life

c. Throughput

d. Price

e. Availability.

TABLE 7. - Relative importance of various buying motives
in selection of screening media (~)

The results of these two surveys are shown in Table 7. The
results show that sizing accuracy and throughput are the most
important. If the first and second most important concerns are
combined, sizing accuracy and throughput carry the same amount
of importance as buying motives ..; :'1

, I
I

I

: :I!- .

First Second Third Fourth Fifth
Buying motive concern "concern concern concern concern

"

Sizing accuracy 50.00 19.23 7.69 7.69 15.39

Price 11. 53 11.53 30.77 26.95 19.22 -

Availability 19.23 11.53 7.70 26.95 34.60

Throughput 38.46 30.77 15.39 11. 53 3.85

Screen media's life 26.95 23.09 42.46 3.85 3.85

, I
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Table_8shows the popularity of the various screening media
types as reported by both Pit and Quarry and Twin Cities Wire
Cloth. It should be noted that each surveyed plant can use more
than one type of media. It is also important to note that cur­
rently·only a small percentage of plants surveyed are using
either rubber-coated wire cloth or perforated resilient media.

Table 9 presents a summary of the market share by manufac­
turer. Table 10 compares annual tonnage and cost fo~ wire clo~h.

Table 11 does the same for punched plate. No data were available
for rubber or urethane media. It can be summarized from the
tables that the average cost per ton on puriched plate is $0.0025,
on woven wire cloth it is $0.0078, and $0.007 on rubber-clad
punched plate.

It is easily seen why cost was not considered a major buying
factor since it usually represents less than $O.Ol/ton. It is
also easy to see why, wire cloth is the most popular screening
media ~ince it gives the longest life, the highest percent open
area and the necessary throughput and screening efficiency.

TABLE 8. - Percent of reporting plants using
screening media types (~)

,

Screening~media " Percent of plants
_---I

Woven Wire 93.8.
Rubber coated woven wire 1.0

Plastic coated woven wire 0

Shaped (profile). wire 1.4

Perforated steel plate 18.0

Rubber on steel plate 1.6

Perforated rubber plate 9.5

. . ; ..

.. ~ --

"fA/i I" \
\ ~.
, I

f. I
I-

I \,e

-~ - ,..... ,-,,::.. = ..,.,.
~ ~- .-' '- -- ~-
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manufacturers
by various
(1 )
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I
I

Perforated Perforated WO'ven wire

Manufacturer steel plate rubber screen cloth

Abbey-Sherrer - - 1.6

Acme - - 0.6

Bacon - - 0.3

Burralo Wire Works 1.6 - 6.9

CF&I steel Corporation 1.6 - 0.3

Cindaco - - 0.3

Cleveland Wire Cloth - - 0.6

Crager - - 0.6

Durex - - 7.8

Durnera - 4.3 -
Fenway - - -- 0.3

Flint - - 0.6

Flynn and Enslow - - 1.3

Frog switch 1.6 - -

Harrington and King - - 0.3

Hendrick Manufacturing 49.2 30.5 1.3

Hewitt-Robins 1.6 - 1.6

Holz Rubber - 4.3 -
Hoyt Wire Cloth 1.6 - 9.1

Ingr~lam 1.6 - 1.3
\

Iowa Manufacturing company 1.6 - 8.5

Johnson and Chapman 1.6 - -

Laubenstein Manufacturing 1.6 - -
David Lee - - 0.3

Linatex - 30.5 -
Ludlow-Saylor 1.6 - 9.4

. Manganese Steel Forge 1.6 - 0.3

Meea - - 0.3

Midwest - - 1.3

Miller Brusin 1.6 - -
Miller Wire - - 1.6
Manard'" 1.5 - -
Murdock 1.5 - -
National Standard 11.1 - -
National Wire - - 1.6

Pacific Wire - - 1.3
Pioneer Division, Portee, Inc. 4.8 - 0.9

Rey-Loy - - 0.3

Sherman Riley - - 1.9
Rubberc1ad - 4.3 -
Wal ter Shoernacker 1.5 - -
Simplex - - 0.3
Simpliclty Engineering - - 3.8
Star Wire - - 4.4
Syntron - - 0.3
Sweco - - 0.3

W.B. Thompson 1.5 - -
Trelleborg - 21. 8 -
Trinity - - 0.3
Twin City - - 3.4 r
W.S. Tyler Company 4.8 - 18.5
U.S. Steel - - 0.3
Wajax - 4.3 -
Western Wire 1.6 - 5.9
Shop Hade 3.2 - -

'.

,-;- ..
\
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TABLE' 10. ,..:.. A sampling of plant.- reported a~nual tonnage
and costs for woven wire cloth (~)

- . -
Annual costAnnual tOnnage Cost per ton

900,000 tons $ 14,.000.00 $0.0156
700,000 7,000.00 0.010

4,853,000 24,337;.00 0.005
293,964 6,400.00 0.0218
850,000 3,000.00 0.0035

1,000,000 - 9,000.00 0.009
700,000 6,250.00 0.0089

16,954,000 150,000.00 0.0088
30,000 3,000.00 0.100

3,000,000 11,410.00 0.0038
500,000 3,500.00 0.007

1,477,000 12,478.00 0.0084
3,000,000 15,000.00 0.005
2,250,000 16,000.00 0.0071

200,000 11,000.00 0.055
900,000 - . 3,500.00 0.0039
190,.000 2,800.00 0.0147
300,000 3,000.00 0.010
200,000 600.00 0.003
175,000 1,100.00 0.0063
18,000 1,000.00 0.056
30,000 200.00 0.0067

660,000 2,500.00 0.0038
;

. "

TABLE 11. - A sampling of plant reported annual,tonnage
and costs for punch plate (~)

Annual tonnage Annual cost Cost per. ton

2,500,000 tons $9,000.00 $0.0036
350,000 1,000.00 0.0029

3,000,000 4,951.00 0.0017
1,477,000 1,317.00 0.001
1,293,400 6,419.00 0.005

700,000 1,000.00 0.0014
,

.' , - -- - '- \ \
-'.-._--~ --~--

- ~
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Hoppers and chutes are used for indirect discharge of
multiple-deck,.screens, transfer ~oints, storage and load-out
facilitles "and "many "other functions. We can also classify
rock boxes, bins, baffles and others in this category.

Hoppers, bins, and chutes are more often than not fabri­
cated to suit the specific need by the operator's own personnel
on the job site. The exception is when a portable plant system
is designed by a manufacturer for a specific user. Manufacturers
are usually cognizant of transfer points on a portable plant and
provide for rock boxes, dead beds and wear plates. Maintenance
of these components, however, is a constant problem.

Stationary plants are more prone to maintain these perma­
nently installed items by:

a. Frequently inspecting the units for wear

b. Lining the components with abrasiv~-resistantmaterials

c. Forming dead. beds for material to impact.

Portable plants are less prone to be concerned with mainte­
nance of these items because they operate in an environment that
is less sensitive to spillage, dust and noise. Repairs are often
temporary and are done in the least expensive fashion. Wooden
side boards, splices, temporary welding, and poor fit-up are'
typical of small plant operations.

TypicaJ,.]~lC3:!2t _;L~YQut~

Of the approximately 12,000 operating sand and gravel and
crushed stone plants in the country, it is estimated that 70
percent can be termed stationary plants. The following discussion
is applicable to either stationary or portable pl~nts since
comminution circuits vary little between the two types.

Figure 2 is a typical open circuit schematic.' The size of
the components will vary with the total plant capacity, but this
example is indicative of a typical 200 to 250 ton/hr stationary~__~
plant producing two s"aleable -pro"ducEs:-3/4" x"f/i-an-d'1-l/2 x 3/4
inches. Note that this operation has a +3 in. recrush stockpile
that can be used to keep the secondary circuit operating in the
event of the primary circuit shutdown and that the-1/2 in. mate-

o L. I rial is considered waste. This typical plant represents producer.s
_ I of less than 150,000 tons/year and is very common.

L"_'''~,'-----.::.-..-,,---_- . .::... -- -.-.---- ;_.-.~_ -:-~--- - --_.
_-;- ~ ~ _".. .___ ___ '_ _ _ _~ -: ~. =:
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Figure 3 shows the- addi tlon of a tertiary crushing stage,
closed circuited on a 1/2-in. screen. It is a modification of
the same open circuit shown in Figure 2, but it has more flexi­
bility~ :Theaddition~ot the -third crus~ing and screening stage
has allowed this producer to expand his market to include, for
example, concrete aggregate and possibly manufacture sand by
the addition of a fourth crushing stage. He no longer has a
3-in. recrush stockpile but is stockpiling after the primary
stage. 'The-l/ 2 in.! waste remains, but it can be used in a
closed-circuit fourth stage, producing concrete sand, or if the
material was suitable, agricultural. lime./

2. 1 . 6 PortabJe CrushiIJ.g and Screenj,ng Pl.an.ts
-- -"- - ','- - . _. --- .- -- _.,

Summary2.1.7

Al though . t~e Crusher. and Portable Plant?\sso5?)ation~)CAP~A~ ~~
does not speclflcally deflne these terms, we lassumel,that,da unltlzed\\~
plant has only one component, such as a screen or crusher , mounted '\. .
on an individual chassis. These types of chassis represent 65 !
percent of the 350 to 500 portable plants sold annually. A single \
chassis plant has more than one component, usually a crusher and - \
a screen, mounted on a chassis. \

\
I

For the purposes of this program, a "portable plant" was
defined as consisting of one chassis. Two chassis working to­
gether at the same location- are considered two portable1plants. I
Portable plants are further categorized as being either unitized
or single chassis. .

. t
1--------------.------------------I
i.
I.'

i
I
I­

I
,f'
I
!
I

The census summary 'of nonmetallic portable processing plants
resulted in the following typical portable plant and equipment:

a.

I - b.I

i

I c.

Crushing/screening plant processing approximately
200 tons/hr from ROM to a finished saleable product

Primary reduction stage: 42-in. vibrating feeder
grizzly and a 42 x 48 in. maximum jaw crusher

Other stages: 6 x l6-ft maximum triple-deck screen
and a 5-1/2-ft maximum cone crusher.

Typically, the primary stage is remotely located and feeds other
stages by conveyor from a stockpile. Other stages typically have
a screen located directly over the cone crusher with oversize
material fed directly to the crusher and other products chute­
collected and conveyed to a stockpile or another reductionstage~

I ~ _

,~-------------------~---~,-~..

\ ' "" V. \; .
-..- +"-';~.----_.

\
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2.2.1 Plant Selection

The program scope and purpose and a schedule were ~ent early
in the program to ma.j-or-user-s-of. the--eq-uipment--de.termined -to be
typical by the industry survey. The majority of the operations
were located in the South so that a~y weather-related program d~­

lays could be maintained. Emphasis during the initial contact~

with these major producers was on visiting stationary and portable ­
,plants producing between ;2-0:0:·and -iso; tciri-s lh-r=,-<'wi th the emphasis -on,
portables. The following p:roQucers:::c06pera€ed'; in the program: c,: --

a. Nello L ·Teer

b. Martin Marietta

-'- :: c.

- -,
- ,

~L..Ry_der .S.an.d.and Gravel.

e. Vulcan Materials

f. '~':-Wake S't0ne 'Inc'; <,:-.

Within these six producer organizations, eight plants were
selected and visited. J.-::

<~. -

~-cL:

') ,'"

23

--
Table 12 summarizes the equipment in use and the productic:i~h

rates for the eight selected plants. Primary stages at the pl~~ts;~

were predominantly stationary with a jaw crusher and a vibrating .,
feeder grizzly. Secondary stages were predominantly stationar~~or

they consisted of a portable chassis permanently mounted to con- ;£
'crete pads. Cone crushers and a: double-deck screen were typical
~or the second stage at the selected plants. Six of the eight~

plants had a tertiary stage. A cone crusher and triple-deck ".
screen predominated at the tertiary stage. Final screening was~<:,

performed in a quartenary stage at four of the plants with two ~f

,the plants using double-deck screens and two of the plants using . I

triple-deck screens. ~

C·- G

- .. -
'."~'... :':'_I.. e ~.=~';_ 0'J,-, "',-,,-...,

,:_ .- _ !. ,-~.:..... -c: i
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2~2~2 Plan~ Surveys

The objectives of the eight plant visits were to:
I.

t---
I a.
I
I

I

I, b.
i-,

c.

Determine worker noise expqsures that are representative IlL

~f c~qshing and screening oberations
.. _.1... __

Assess the nature of noise sources so that appropriate
control technology could be designed

Identify operational' and mechanical.constraints at the
plants which would impact noise. control designs.

The following subsection,s sUllUTIarize the results for the eight
plant visits.

2.2.2.1 Worker Noise Exposures of Representative Crushing and
Screening Operations

Current MSHA regulations require maintaining noise exposures
to less than 90 dBA on an 8-hr time-weighted average basis. Noise
dosimeters were used tb monitor plant ~mplbyee exposures during
on-site visits to seven of the eight selected plants. Test dura­
tions ranged from 3 to 6 hr. Full-shift exposures were then
projected. The projected results are summarized by employee
category in Table i3.

As illustrated by Table 13 , three categories of: workers
are potentially exposed to noise levels two to four times that~

allowed by current regulations. The ~ategories are:

a. Primary operator

b. Cleanup man

c. Secondary screen operator.

Exposure variations from plant to plant for the same category
of worker were considerable. This result was expected due to:

a. Wide variations in plant conditions, such as, the
presence' and condition of primary crusher control booth

.b. Variations in, how particular ,worker. performs his
duties.

Complete dosimeter test results are- presented in Appendix-A~ --
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2.2.2~~ -Assessmerit ofNoi~e So~rces

A-weighted and octave band sound pressure levels were mea­
sured at all operating locations in each plant. Tape recordings
were also made at each location to assist in more detailed source
analysis should it be requixe.d. _ M.easur~ments_ were also made near
individual pieces of machinery so that their spectra could be
used for source analysis when and if required.

Table 14 presents a summary of A-weighted sound pressure
levels at operator locations_ in the eight plants. Noise lever
ranges between plants were ~s £ollbws:"

a. Inside main control booth - 71 to 73 dBA (two plants
reporting only)

b. Inside primary crusher operator's" control booth
71 to 85 dBA

c. Outside primary crusher operator's control booth ­
98 to 102 dBA

d. At secondary screen - 101 to 113 dBA

e. At secondary crusher feed - 104 to 115 dBA

f. At tertiary screen - 100 to 110 dBA

g. At tertiary crusher feed - 101 to 109 dBA.

Complete A-weighted sound pressure level data for each
plant are presented in Appendix B.

The results of the survey, as expected, showed that crushers,
screens, and the impacting of material on steel screen feedboxes,
screen discharge lips, crusher input and discharge chutes are
the major noise sources in portable and stationary crushing and
screening plants. The impact of these source~q:rl_ the exposure
of plant personnel operating in stationary ~;Los=~:t_ions--1can be mini­
mized with an operator control booth. The noise levels produced
by these sources, however, ~~hav'e . to·-be reduced to'r-educe-the ex-!
posure of plant cleanup andrna:Lntenancepersonnel whose duties
require them to work close to these.sources.
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2.2.2.3 QEerational arid MechanicaY·Constraints

Designing and installing retrofit noise controls must in-
clude consideration.of ~ variety of operational and mechanical

I constraints ., Al though each plant site presents a unique set of
!constraints-; we can_list the following as a result.of the eight
'plant visits:

a. Operational considerations:

1. Production:rate, including peak load capacityl
requirements-_---

2. Plant life
/

3. Market specifications, especial~y size

4. Cost.

b. Mechanical/maintenance considerations:

1. Plant equipment compatibility with reduction'
characteristics of quarried materials, that is,
abrasiveness, compression strength, material
moisture, friability

2. Dependable and long service life of circuit
components

3. Minimum maintenance and downtime.

2.2.2.4 Plan! Survey Conclusions

We can therefore conclude from the survey of eight plants
that:

a. Primary crusher and scalping operators are effectively
isolated from noise sources when housed in an acous­
tical booth

b. Secondary and tertiary operators are potentially ex­
posed to noise levels in excess of the 90 dBA, 8-hr
time-weighted av~rage standard due to .crusher and
screen noise sources

, ':' - :.: '-1' • "1
'." -

,
\ '. r·· .-.- .

l \ ".__~i_ '--_..__
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c~: 'Cleanup pers0nriel~aretypicallyexposed to noise
levels Inexcess of the 90 dBA standard due to expo­
sure during cleanup operations (normally on the ground)

'at ,primary, secondary, and tertiary modules.

Phase II of the program called for designing retrofit noise
control treatments for three selected portable plants. In order
to select three plants, a rank-ordering of the eight surveyed
plants was necessary. The rank-ordering was based on consider~ I

ing :the production" operational, and mechanical/maintenance con-; ~,:
straints, listed in subsection 2.2.2.3, the severity of the ~

noise problem at each survey~d plan-t,' and the potential cooper,a­
tion from the quarry owner.

\

The following subsection presents a summary of the rank­
ordering of the eight visited plants.

2.3 Rank-Ordering of Surveyed Plants

2.3.1 Rank-Ordering by Noise Alone

The noise rating scheme for each plant module was'based on
the average Noise Exposure Index (NEI), defined as:

where

NEI =
C.
IS

x 2

L - 115
5

C =
L =

actual~pgE._1J.~e_,-time in minutes, and
noise level in dBA measured during the noise survey.

The exposure time was estimated from our observations at each
plant and from discussions with operating personnel. The range
of NEI for all plants was approximately 0 to 5. In order to be
compatible with other rating criteria discussed in subsec-
tion 2.3.2, this range was expanded to 1 to 10 by simply mul-:'.~_

tip lying the NEI values by 2. Ratings less than 1 were taken
as 0, meaning that no noise problem existed at that module.
Table 15 presents the plant modules rank ordered by the method
desciibed above. - ," - '.

-,', "

':::: 0

- ,0"" _
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-TABLE' 15.- Plants r:ank ordered by noise only

-
-- --- .. _. - . - --_ .

Rank Plant Noise ~'ating

1 -B - Primary crusher 9.2

2 C - Secondary screen tower " - 4.7-- -
- .. - ~

3 G - Primary crusher 4.3

4 H - Secondary module 3.7

5 D - Secondary module 3.0

6 A - Secondary module 2.8

7 A - Tertiary module 2.3
- -

Tertiary \crushers 1and
.

F - s·creens 2.3
I
I

8 G - Secondary module 1.9

9 E - Secondary module 1.5

10 B- Secondary module 1.3

11 B - Tertiary module 1.2

D - Tertiary module 1.2

12 F - Secondary module 1.1

13 C - Primary crusher '::0

0 - Primary crusher 0

E - Primary crusher 0

E - Tertiary module 0

F - Primary crusher 0

H - Primary crusher 0
. ~ .- -~ .. ,. - ~ '_- -:.-":".C ::

. ' - _. -." ... - ~-

-- ..,.. ' , .~

- _>:..._- -- ---- --'---- _.-. ---
f' • -

1-0'1,',- v
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2.3.2 Ho.Rank-::Ordering--By Multiple Objective Ranking Matrix

In order to make a subjective yet rational selection of
plants to be_ noise~cont~olled~in Phases II and III of this pro­
gram, other criteria were also considered. These include:

a. Size of plant (is it typical· of the industry? )

b. Ease of treatment - (will available techniques make a
significant impact without significant effects on
plant operations?~

.. - -
c. Degree of owner cooperation expected

d. Is the equipment typical of the industry?

These are discussed briefly below.

2.3.2.1 Size of Plant

In general, the larger the plant, the less desirable the
plant was as a candidatef6r r~trofit. One reason for this is.
that large plants ~ith overall capacities greater than 300 ton~/hr

are not typical of the industry,:~since they represent only about
20 percent of the total number of plants. Another reason is thpt
each individual treatment has less overall impact on a larger
plant. Individual modules within any plant may have roughly the
same capacity (about 150 tons/hr). But in plants with large_.
overall capacities, the design of each module is significantly~

different from that in small plants. The layout of each module
is different as well as its location relative to other modules.
Because of these differences and because the large plants are
not typical, a rating scheme which gives small plants a high
score was needed. Therefore, a 1 to 10 rating scheme based on
overall plant capacity was developed by fitting a straight line:
between 125 tons/hr and 900 tons/hr such that the latter would
be a 1 on the rating scale and the former would be a 10.

2.3.2.2 Ease of Treatment

By ease of treatment we mean whether existing noise control
technology available off-the-shelf can be applied to a module at
reasonable cost with maximum impact and without adversely affect- -­
ing productibn~ Each plant-module w~s assessed acc6iding to 'this
criterion and given a 1 to 10 rating which was used in the mul­
tiple objective ranking matrix.

:. - ,,-;:::: - -
0"";; __

- 0 0
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2.3.2.3 "Degree of Owner Cooperation

Cooperation and assistance from plant owners was of course
essentiaL for program sUccess.;. Without the interest and support
of the owner no treatments could be installed. Based on discus­
sions between the vario~s_owners and Fos1:e.r=Millerengineering
personnel, the degree of expected cooperation was assessed and
given a 1 to 10 rating. This rating was then entered into the ".
ranking matrix..,

2.3.2.4
\

Is the Equipment Typical of the Indus~ry?

.... ;::: r :.:- ..... -.:. '-'

The intent of this program _was to demonstrate the use of '
off-the-shelf noise control technology in crushing and screening
plants which can be applied extensively throughout the industry,
thereby significantly reducing noise problems." The treatment of
unusual pieces of equipment, not typical of the majority of plants· ­
across the country~_was:clearly:hottonsistent_withthi~_purp6se.

This. criteria was ,addressed t6 some extent",by unfavor"ably ·weight­
lh~ very~large plant~.asJdiscussed in subsection 2.3.2.1. To b~ :
sure that such nontypical equipment was--el{minated~fromconsidera­
tion in small·plants as well, each module in each plartt was gi~en

a 1 to 10 rating based on whether its design was typical of in~
dustry practice.

2.3.2.5 Multiple Objective Ranking Matrix

Each of the five evaluation criteria was given a weighting
faqtor based on its importance in the selection process. Severity
of noise and whether a plant was typical of the industry were
considered the most important and therefore w-erec:given a weight­
ing of 1. The other three criteri~(plant size, ease of treat~

ment, and owner cooperation) were considered only slightly less
important and were therefore given a weighting of 0.9.

Table 16 shows the multiple objective ranking matrix, and'­
Table 17 gives the rank-ordering of plants which resulted. In.
order to make final recommendations for plants to be retrofitted
still other factors had to be considered. These are discussed
below.

2.3.2.6 Conclusions

A choice had to be made from among the top rank ordered
plants for retrofit during Phase~ II and III that complied with
program objectives and yet remained within the current program
scope. Many problems had been noted during Phase I that are

, 1- . •

:; ' ...... - '-, .

1)-,. ,

"_:.,. ..- -'= -:::- -
"- -- '* ' - --~- i ,'-

\'
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TABLE 1~.- M~1ti~1e objective ranking matrix

~ Severity
of noise
problem

,Size- ,-

of
plant

Ease of
treatment

Degree
of owner

cooperation

Typical
of

industry Score

Weighting factor

Plant/module

Plant A

S~condary module
Tertiary module

Plant B

Primary crusher
Secondary module,
Tertiary module

Plant C

Primary crusher
Secondary screen
tower

Plant D

Primary crusher
Secondary module
Tertiary module

Plant E

Primary crusher
Secondary module
Tertiary module

Plant F

primary crusher
Secondary module
Tertiary crushers
and screens

Plant G

Primary crusher
Secondary module

Plant H

1.0

2.8
2.3

'9.2
1.3
1.2

o

4.7

o
3.0
1.2

o
1.5
o

o
1.1

2.3

4.3
1.9

0.9

8.7
8.7

8.7
8.7
8.7

5.1

5.1

8.2
8.2
8.2

7.2
7.2
7.2

3.1
3.1

3.1

8.7
8.7

0.9

6.3
6.3

4.5
6.3
5.4

o

4.5

o
7.2
7.2

o
1.8
4.5

o
2.7

0.9

8.. 1
6.3

0.9

9.0
9.0

9.0
9.0
9.0

5.4

5.4

6.3
6.3
6.3

3.6
3.6
3.6

1.8
1.8

1.8

7.2 .,
7.2

1.0

10.0
10.0

8.0
8.0
8.0

10.0

5.0

10.0
7.0
5.0

8.0
5.0
7.0

2.0
5.0

4.0

10.0
10.0

36.8
36.3

39.4
33.3
32.3

,20.5

24.7

24.5
31.7
27.9

18.8
19.1
22.3

6.9
13.7

12.1

38.3
34.1

Primary crusher
Secondary~-modi£le· _.

o __ 9.0,
., 3. 7~' , .. 9 .'0

8.1
, 7'~2'~c

8.1
"~ ,~ . c-' -

- --- '8 • 1 - - -
6.0

':" ~ '9. 0
31.2
37.0

-------
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TABLE 17'., ,Piimts-;rahk:ordered by multiple
objective ranking matrix

- . ---,
Rank \ Plant Score

"

1 " ~ \ B - Primary crusher 39.4*

,
Primary2 ,

G - crusher 38.3

I

3 I H - Secondary module 37.0
, "

- -:, ::'
4 :, /

A - Secondary module 36.8*
',r,

I

5 A - Tertiary module 36.3
I -

6 G - Secondary module' 34.1
I

7 B - Secondary module 33.3*
I,

8 B - Tertiary module . 32.3

9 D - Secondary module 31. 7*

10 H - Primary crusher 31. 2

11 D - Tertiary module 27.9

12 C - Secondary screen tower 24.7

13 D - Primary crusher 24.5

14 E - Tertiary module 22.3

15 C - Primary crusher 20.5

16 E - Secondary module 19.1

17 E - Primary crusher 18.8

18 F - Secondary module 13.7

19 F - Tertiary crushers and screens 12.1

" 20 F - Primary crusher 6.9
~

*Recommended for retrofit.
- .

. . "
. _.

,-
. ' ..
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attendant~tothe.noise.proble~'and.canbe addressed by technology
and good operating practices. Noise can be attenuated in the
plants visited by proper maintenance, good process circuit desig~/~

use of ~Dginee~ing~ontrol~~~~d noise attenuating hardware.

Four of the operations ranked in the top 10 shown in Table 17
were recommended as' candidates'-for retrbf'it. Each provided a
unique problem to be addressed by available techniques. Although
specific recommendations were not made to the owners of these
plants, it was assumed that they would continue to cooperate.
Plants G and H were excluded because of possible climate problems
during the retrofit. The followingplants-6fareas of a plant
were Foster-Miller's su~gest~d-candidates:

Plant B

Primary C"rusher - A new booth was recommended for this high
exposure area. A recommendation was made to reinforce the super­
structure, and the plant owner agreed to this safety step. Not
only was the noise problem addressed by the recommendation, but,_.
operating procedure and control locations were also addressed.

Seco~ddY'Y module - This semi-portable plant has an inclined
screen that is fully loaded. The effect of resilient cloth on
noise attenuation and screening efficiency was recommended for
evaluation. The other components of the module are typical and
offered a good source for evaluation of controls.

Plant A

Portable secondary module - This installation uses a hori­
zontal screen fully loaded and again provides a good test for ~

resilient cloth noise control and efficiency testing. This plant
is very typical of portables and many attendant problems could be
studied and changes effected. Plant management was exceptionally
cooperative.

Plant D

Secondary module - This stationary plant is also representa­
tive of the industry. Crusher feed noise problems were the main
areas to address. The stationary inclined screen could also be
retrofitted. Plant management is representative of large pro­
duc'ers and initially seemed anxious to cooperate in the' retrofit
program. This cooperation was later withdrawn because of inter~

est conflicts.

-;-:.C :::

\.

'r,

. -
~ ,., ..... ~" ',- _. -".-

- -- -.j ~ - .::....-



74
'. . ­
'- ~ ~ "

2.4 References

1. "Marketing Study of Types, Brands, and Purchasing Plans for
Crushers, . Screens, Scr-eening Media in the Construction
Aggregates Industries," Pit and Quarry, 105 West Adams
Street, Chicago, IL 6060.3,. .1974.__ ._ - -- --

2. Fischer, James A., "Screening Leaders, II Pit and Quarry,
September, 1979, pp. 55-58.

, .• '

I ' .,-. '1

....... - .:.'



75

3: EETROFIT~NOISECONTROLDESIGN

C3.-·1 ~. Final Site Selections

The ranking criteria described iQ subsection 2.3 identified
three modules as prime candidate test sites. The three modules,
located at Plants A and B, are owned by a single company. Both
plants are located in the South approximatelYJ~O mi apart, and
they are easily accessible. Final selection of these two plants
enabled the program to: ' .. -

a. Retrofit a 200 to 250 ton/hr portable cone crusher
plant with a horizontal vibrating screen

(

b. Retrofit a portable cone crusher plant with an inclined
screen

c. Retrofit a primary jaw crusher installation.

3.2 Preliminary,Design
-

Data collected during the Phase I survey were reviewed for
each module to be retrofitted. Special attention was given to
the required noise exposure reduction, the major sources of
noise, previous attempts by the plant to reduce noise and opera­
tional, mechanical and physical constraints involved at each ­
module.

Publications by MSHA documenting past efforts by the mining
industry were also reviewed. The TPO furnished USBM reports to
Foster-Miller on work done in controlling vibrating screen noise ­
and noise in coal and taconite plants. Data were solicited and
reviewed from manufacturers of resilient and acoustical mater~als

to assist in the design process for retrofitting the modules.:
Emphasis was placed on barrier materials, operator@nclosures and
the use of resilient materials. Consideration was given to the
following ways to bring the exposure of operating personnel of
each module into compliance:

a.

b.

c.

Eliminate the noise I soiirce·C.L\: cha;nge$::'-fn~m.?t:erial flow

Isolate the nois,e .source from the operator - enclo.se
the noise source

Isolate the man from the noise source - control booth

I
Ir

/-

, ­_. ,

. - ~- - "
"---- ~,
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d.-Reduce the noise emiss'ions install resilient linings,
modify the material handling or flow, utilize mainte­
nance procedures.

As required by the contract, the retrofit treatment was to
meet the following design criteria:

a.
~~__---------~~~--o----:--~---:-,-,--~==:o---,--~-c=--:----=:-:--=-:-----------:---i

Treatment must be acoustically effective

b. Only conunercially available materials were to be used-
I
i

'J c. No special servi¢esorfaciliti~~shouldbe required
to fabricate, install' and_ mainfainthe treatment

d. Treatment must be durable and cost-effective

The major sources of noise in the area included:

The initial noise survey showed that the'jaw crusher op~

erator was exposed to 101 dBA at his normal work position on the
catwalk over the feeder. Data extraoolated from a 3-hr dosimeter
survey indicated that the operator exceeded 325 percent of the
allowable noise exposure.

-I
I

1-
-,

I
I
I

,!

-:i

t

e. Treatment must have a minimal impact on the plant/
module operation.

,IFigure 4 schematically shows the potential areas of a
typicalportable-'piaril-fll.-at'contribute to the operating noise
level. The preliminary design considerations included.a sub­
jective evaluation of tfie noise cont~ibution of eachp6int.

3.2.1 Plant B - Primary Crusher Installation

I·
_ (' ~;;1'S)

., \ I,
I,

a. Quarry trucks and/or front end loaders dumping material
into the feed hopper

b. Material being conveyed and sized on the feeder/grizzly , I

c. Material falling into and being crushed by the jaw
crusher

- -
1dBA.

Warning alarms to sign?-l start-up and no-dump situations ..,!

'"I
" .1

d.
"

Previous attempts to reduce the operator's exposure had
limited effect. A control booth had been constructed at the
station. Noise level readings measured in the booth were 85
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The operator,_however,ch~se,toleaye the control room door open
because the booth was small, hot, and impaired his vision. Since
the sources of the noise could not be eliminated or effectively
minimized,. an acous:tically ,effective control booth was :recommended.

The following design criteria were agreed upon:
\,

a. Reduce inside booth noise level to 80 dBA

b. Provide adequate visibility for operator to perform
his duties from, inside the booth

c. Climatize the booth fo'r the operator's comfort.

These design objectives would encourage the operator to remain
inside the control booth with the door closed during his work
shift.

3.2.2 Plant B - Secondary, Module

The inclined screen/cone crusher secondary portable plant,
Plant B, ·provided the6pportunityto address the-problem of
coarse run-of-mine (ROM) precrushed material being screened and,
further sized in a secondary crusher. The coarse feed to the
plant, -10 in., is conveyor belt-fed to a screen feedbox, ac­
celerated over a 20-deg double-deck inclined screen, discharged
into a crusher feedbox, crushed in a cone crusher, and finally
discharged from the plant on a transfer belt.

General design considerations included:

a.

b.

c.

Minimize impact noise at the screen feedbox discharge
lip

Attenuate noise from the screen top deck

Minimize impact noise at the screen discharge lip

d. Reduce impact noise at the crusher feedbox

e. Minimize impact noise from the crusher feed plate area

f. Reduce impact noise from the screen top deck wings.
'./.. c._..- --._- -_:-'--"_._--._'",_::~ .. -.-.'.-.. :.: .:--"'~,~'.. ~ 'T

\' Since this plant is not production-sensitive, ,these goals were"'
(. I 'realistic . Effective screening takes place wi thin the first one-
_ ! third of the screen feed, end and the £op ~eck throu~hsarid ~hesec=

-- \o~d d~c~- overs 'a~~ closed -~n the crusher f~ed. Th~ crusher is not~
'-:-, '::: I

;

J ~
--~--'-
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overl~cid'ed .'~_: ::'Th~ - rtia:J'b,r-ptobl~rn' to be ::addressed outside of noise
control would be the random impact of large, accelerated pieces
.of mat~rial with the maQhine elements. These noise sources
could 'be :t-reated :wifh. ':a60U'st.fcally :effective material, but the
life of 'the material in service would be variable and cost-
sensitive. .._~-" ,--, ------ -----,--- -,~--~

3.2.3 Plant A -Se~ondary-Module

The horizontal double-deck screen/cone crusher secondary,
module / Plant A, offered: tlle :0'fip0r.t:unfty to '-retrof i t an equally
popular portable plant .. :,~This plant';also',7i?eeeives aprecr,ushed.
and stockpiled ROM -10 in. material. Although thislplant is fedl
in a similar manner to Plant B, the feed contains more coarse ~'

material and the material is not accelerated over the screen <,

except by the screen throw itself. The plant feed is discharge'd
into a feedbox, drops-to' the'" integralscr'een-f'eedbox', travels ~.

across the screen in a relatively uniform manner, discharges iQto
a'corre 'crusher, .and" 'is "f'rrral'lycrusher-di'scharged"ont'O'a' tran's.:E:er ---
belt. '

,:-, ~_ '.: _. _ ~ .. __ \/ 2- ~-::. ~ ~_ ::: 2. J_ .--~ £ ~.~ ~ :~ ':'_ J:: -;; .~-:. ~_ ~:: ;:; =- ~ b ~ -~ .::= ;
_.Gener'aLdes,i.g.n ..considerations ,ag.reed.upon include:

a. Minimize impact noise at the screen feedbox

b. Attenuate noise from the screen top deck
~

c. Reduce impact noise at the screen discharge lip ~~

,.4
1

d. Reduce impact noise at the crusher feed. ' ~c..

---
" ,

.... "

.~ - These points were the major sources of noise contributing to .1

the noise problem. Maintenance and clean-up work around the ba~e
:of the plant must be done close to these sources.

3.3 Follow-Up Plant Visits

During this task, FMA revisited the three plants for the
following purposes:

I,,;

.J J

a.

b.

To establish a noise level data base against which the
retrofit treatment could be measured

To determine plant production sensitivity to potential
Yetrcifit'tYeaEffientEf .. -", _. ~, > ~ ----.. ,~_.~ '"

- ....
..: l ..'

-~ { .,

........ oJ

, .-
--'I -2

c. To familiarize vendors of resilient materials with the
noise and production problems of these plants and eval- ~­

Co" ,ua-te the vendors-';., 'ca-pabiJ:-,::i.oty= tPi .me_et: cthe :,p:r,ogram goals
•• __ ,:: ... _ "- --'- _,;, v ...... _ 1.- __ .............. _ ~ ,-, •• ~ _ _ ............ "-' \,...._ -.- " -' __ '-" _ -.-._ '"."

" "'_~ • __ c.....- ....-'_ ...... ~ • .""-_ ......... , .. _" ·_>'--.~.r",,, - . -"--"'n ,'_. _ 4 •••• ,"" ........ - -,

----------
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d; '-To take dlmenEdons' 6f plant elements requiring
treatment. ~

These _activities areo.sUmmariz'ed'· in the follow:i!ng subsections.

Plant B- Primary Crushec_Foll.o.w-:Up Visit3.3. 1
,', I' ~~

~
'.', I' ~T-h-e-J-'-a-w-c-r-u-s~h-e-r--o-p-e-r-a-t-o-r~' -s~e-x-t~r-a-p-o-l-:::--a-t-e-d=---=f-u-=l-:l:-'--s-=-h-i-f-=-t--,e-:--'x-p-o-s-u-r-e--..J,I ~/'~'

measured in Phase I indicated an overexposure of 325 percent. I .'

Table 18 shows sound level meter readings taken during the follow- f'
up visit. ' ' ' I

I -- ----- _.. __ /

A review of the operator's work habits and environment re~

inforced Foster-Miller's conclusion, that the operator must be
insulated from the noise sources in order to reduce his exposure.
The sources themselves were too numerous and variable to reduce
individually in a cost-effective manner.

i 3.3.2 Plant B - Inclined Screen Plant I

FolLow-Up Visit
-----------~-~-------------------___:___rl"

; ': Table 19 shows noise data taken at the portable screen/ \; ",,\,
i~ndary crusher plantdlJ.ring' the follow-up visit. The follow- !I ing areas were identified as the major noise sources: 1

--L~__~ • , ~_,~ ---_,

a.

b.

c.

d.

Feedbox discharge lip

Screen top deck

Screen discharge lip

Crusher feedbox

- ­
,,'

e.

f.

,
Crusher feed plate

Screen top deck wings.

The screen and crusher throughs discharge into rock boxes.:,
The transition area from the feedbox to the screen and from the­
screen to the plant discharge conveyors varies depending on
the amount of fines in the material being transferred. None of
these transition points are as significant as the primary sources
mentioned above. All pertinent dimensions were recorded for use
in final design preparation .

... The plant is not produ'ction-sensi tive when processing ROM or
a blended ROM with sand. Retrofit treatment would not affect the
screen or crusher capacity if the bottom deck screen cloth size,
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__Table 20 shows noise data taken at Plant A during the
up visit. The major noise-sources incl~ded':

r-----------~

1-1/4 i:h::'-,-was -no:t~-alter·ed.·' 'The- crusher sees all :,+1-1/4 in. feed i­
from the stock pile and is not drawing a maximum or-is-6--hp. All
screening is done in the first third of the top deck. The screen
was acting: as an oversize chpj:e c' and would not be overloaded by
the use of resilient cloth on both decks if the percentage of
open area were reduced.

3.3.3 Plant A - Horizontal Screen Plant Follow-Up Visit
-----------------------------------'---'---,----i-' ';j,

follow...;. I,#f:.';:"
/- " /~'

.' ,t ",-

'\

Dead beds formed by the screen discharge chute construction appeared
to be effective, as were the rock boxes below the~crusher. The
crusher discharge conveyor did not seem to be a major noise s.ource.--

-i----- -'--'-~----'-- -~

This plant was not production-sensitive·in that the top .and !
bottom decks normally discharge into the crusher; the top deck being i
3~in. diam plate and the second deck 1-1/4 in. wire cloth. The .:
crusher and screen top deck were fully loaded, but the plant was j

sensitive to only +1-1.14 in. material. No retrofit treatment would
retain more +1~1/4 in.' material than was being currently retaiJ:]ed.

3.4 Retrofit Material Selection

Manufacturers of components made of resilient materials and
acoustical materials were contacted by a general letter early in
Phase' I I. The scope of the program was outlined to these com- -.
panies as well as the extent that they would have to participatB
in the program if they were selected. Major requests included:

a. Meet with ~oster-Miller at plants

r /r;\

b.

c.

d.

Meet with plant owner to discuss specifics of retrofit

Assist Foster-Miller and plant in installing components

Backup products being installed.

-~ - ":' " -.... --'

, . ~.
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. ~Tabl~~~ is a matrix developed to help evaluate the capa­
bilities of these vendors, since not al-r-could be met at the
sites. Primary considerations in this evaluation included:

a. Willingness to participate as outlined above
- - --. ~_.-_. -----

b. Background in the minerals industry, especially screen-
ing of metal/nonmetal minerals

c. Influence in the marketplace

d. Capability to supply the potentially wide range of
products for a complete plant

e. Background knowledge of noise attenuation through the'
use of their products.

Durex, Hewitt-Robins and Trelleborg were selected as being
the most capable to meet tl1e program .needS:--'

During the follow~up visits, these suppliers were provided
the 9pportunity to examine 'the two plants. The program team
agreed that one supplier should treat Plant A and another treat,
Plant B so that a commitment to success was more assured. The
suppliers were informed of this tactic during their plant visits.
These suppliers were observed for their knowledge in noise
control, material handling, crushing and screening and thorough­
ness in dimensioning equipment for future installation of their
products. Their questions regarding these plants often reflected
their capabilities to follow through on the goals of the program.

It became obvious to Foster-Miller during the plant visits
and quote evaluation that noise contror per 8e~ by using resil~

ient materials, was an art employed by manufacturers and users
as an afterthought more than by design. Commercially-available
resilient materials used for screen cloth and chute linings are
'fo~mulated for their .physical properties relating~ their utility,Iand durability rather'than noise-'control, and a wide selection' /.

. is not available. , . _r
.' J -.-------.~

The manufacturers were reluctant to estimate the noise
reduction potential if their products were used. Their quotations. _
addressed areas of the modules where they could make use of exist- . ~

ing product molds or could readily make them. Noise reduction __
estimates, when made, were based on laboratory data for samples

I ,- .
~~ ._:;~_.=. . ---.- '~;
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run under controlled conditions, or data taken on a single machine,
i.e. screen, under some control. Sales terms such as "virtually
eliminates noise ... , reduced noise ... , quiet ... , etc." were sub­
jectively used to recommend one material over another. No unique
application of material or new material was suggested.

The quoted costs for just the resilient material varied from
$9,000 to $16,000 for a portable plant. Some of the required
retrofit procedures involved extensive drilling, torch cutting
and assembly time in the field. If these procedures were to be
incorporated into the program (assuming that they were necessary
and successful), the retrofit cost for a module could go as high
as $20,000. This represents approximately 10 percent of the pur­
chase price of a new 125 to 175 ton/hr secondary cone crusher/
screening plant. Foster-Miller felt that such a high percentage
of the original cost of the plant would make a retrofit program
unattractive to the industry and that the large use of resilient
materials for noise attenuation would prevent the program goals
,from being achieved.

Benefits of resilient materials must include a substantial
increase in material life and a subsequent savings in downtime
(lost production) and maintenance labor to justify this much
additional cost to a plant. Some of the manufacturers, specif­
ically Trelleborg, offer warranties when their material is used.
Trelleborg guarantees that their screen cloth will outwear the
customer's previous metal ~loth by the ratio of the increased
cost, and that the savings in downtime and labor are the users'
bonus. Estimates for noise reduction are not sold as a benefit.

Table 22 is a tabulation of cost estimates, submitted by
three manufacturers, for materials in a specific area of the pro-'
gram's portable plants. Foster-Miller felt that if all of these
areas were addressed in the suggested manner and for these costs,
the subsequent program technology transfer would not be adequate.

All of the manufacturers who quoted were equally knowledge­
able in screening, material handling and noise control. However,
it is not unfair to observe that primarily they wanted to sell
wear-resistant materials to the industry; the noise attenuation
of the material is a secondary concern.

Foster-Miller recommended that Trelleborg be selected to
completely retrofit Plant B with the inclined screen, to the
design specifications of Foster-Miller. All of the manufacturers
who observed this operation agreed that the life of the resilient
material will be dependent on the size and velocity of the rock

f
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helng.'p=fd~'~-:s;led~:_.'~Tr1~~Y:~,(§Tl> :~g:feed~;tj-lgt only the properties of
rubber could survive in this application. Both Durex and Hewitt­
Robin~ were hesitant to guote urethane products for this applica­
tion an&caid~~:So;: orily.=:-:to ~be~ ':=re:S:-p'ons i:ve.

"--'....'

-'. ,{.

Durex was recommended_to.:....retrof.i.t_P.lant .A--w.Lth_their urethane ..
materials. Durex was no more knowledgeable in ~he application of ~,
their material to this plant than Hewitt-Robins, but they offered:
a more practical approach in the us'e of generic urethane materials. ,
Durex does not make proprietary products for use in the industi,Y, ..
but rather incorporates U.fd';::r-:oy:a:l:!a.nd: ti\]·f'ont,.·ce.tastomers, as do
other resilient material:~ma;riufactu£e:r's:::-:'?F'MA<'feltthat, initial-ly, _._
more data could be obtained by using materials in common use i« ~~

the industry in a more practical design fashion. '(. ,.,~

3.5 Final Design, Fabr ic:ati'on, and Installation

3.5.1 Plant B - Primary Crusher
;:-1 .:;

! 'j'

;j

As discussed, the primary sources of noise for the operat~on -7

- n of the P!~~~r¥ f:J;11:3heF?,~!j,,~).':ln:'!:2i3,c-c.?;p}2P_?·~.. ~?e. :f'~9\1-c~d:-,,:,in a co~:t- - i-!
."'" . e.ffe.ct.ive. rhanner.._ A..control. .booth fo.t. the ,'operator ~ -ther"efore ,;j

.was recommended. Co:.:

The booth was designed to:

'J-::
.::- -'

.~.C

~.

/

23

22

a.

b.

c.

Result in noise levels inside the booth of approximat2~ly-_
80 dBA 'C; ,( /.

'"". ~

Provide adequate visibility for the operator to perform L'.

his control duties from inside the booth with all doors
and windows closed ~

i

Provide a comfortable environment year-round so that,]
the operator stays in~ide the booth when the plant i~
operating. ~

.;-.

The booth design specifications are~shown'8n Table 23 with
:the original estimates for both material and labor costs. 3C

The wall construction detail is shown in Figure 5. As shown, ::.
the basic construction uses 2 x3-in. studs with 5/8-in. sheetrock·r
.on .the.. outs.ide.__cove.r.ed .w.i.th_ alurn!inum..sidin.g .....The" ins ide .w:all.s~are .:;.~
5/32-in. wood paneling over a double layered gypsum wallboard j~

:(1/2-in. and 5/8-in.). Wall cavities were insulated with 2-1/4-in~~
fiberglass (R-ll). The fiberglass was installed against the out- -~
side wall leaving a 1/2-in. airgap between the fiberglass and the 3~
interior?iva'll<;: :. =. VS:::-C:'C2::" i-:'i;.::":.-?'::,ge T':'L:.s (81'::: Ii21:'c,' 7S

35

35 .---_._._----- ----- --~ -- ·---· ... --·---d--'-'.. ·-----..~- "- .........,..----.~-.~,.-~ ----....... ~ ..
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TABLE 2:3. 'CbntroL booth mate-rial and labor estimate

Material and
Installation Cost Amount Needed Price

WALLS

1/2 in. gypsum board

5/8 in. gypsum board

5/32 J.n. panelling

5/B Ln. sheet rock

Rll insulation

$0.26/ft
2

0.33/ft
2

0.65/ft
2

0.91/ft
2

0.35/ft
2

200 ft
2

200 ft
2

200 ft
2

200 ft
2

288 ft
2

, 52.00

66.00

130.00

182.00

101.00

CEILING

3/8 in. pre finished
sheet rock

0.68/ft
2

54.00

susfJended Gelling
panels

78.00

30 galvanized steel

R14 insulation

0.78/ft
2

0.50/ft
2

62.00

40.00

FLOOR

5/8 J.D. fir (plywood)

1/15 V.A. floor tile

R7 lnsulat.lon

0.85/ft
2

0.57/ft
2

0.29/ft
2

80 ft
2

80 ft
2

80 ft
2

68.00

46.00

23.00

WINDOWS

48 x 24 fixed pane,
laminated windows

300.00 900.00·

HVAC

7000 Btu heater and ac
thermostat' controlled

600.00 600.00

LIGHTING S. ELECTRIC

60A main breaker 156.00 166.00

110V auplex 5.31 32.00

copper Ramex raceway 0.60/ft 100 ft 60.00

SS24U fluorescent
lights

57.15 114.00

'1 FRAME
I

2 x 6 ~n. beams (floor)

2 x 3 ~n. beams (ceiling
and wall)

3.80

3.1l0 34

JO. (i,]

116 DO

Installation - 2 carpen­
ten; and power tools

236/day ,
3 days

708.00

DOORS

36 x 80 In. insulated
aluminum (300 ea)
aco\J.stlcally made

300.00 600.00"

..... !...:

400.00"400.0036 -< 80 ·.In. ~nsu1ated

alum~num door, half
window (24 x 36 ~n.) J

acoustlcally made I
Total cost for booth $4,628.00

* Pnees based on quotes reee~ved from vendor. I'.:.1-==========_========...Jk
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5/8 in. SHEETROCK

INSIDE

x 8 ft STUD

OUT.S I DE

,Il,LUMI NUM SI 01 NG
(0.019 in.)

~-- 2-1/4 in. FIBERGLASS
I NSUL,Il,TION

!

I

I
\
I
I
I
I

I

I
I
i

(Rll)j

FIGURE 5. - Con£rol booth wall construction.

The final design of theiS x 10-ft booth is shown in :
Figure 6. The windows were sliding, double-pane construction
with a 3/4-in. airgap. Environmental control was achieved with:
a 13,SOO Btu air conditioner and two, 4-ft long electric base­
board heaters rated !at 2~kW ..

..__~''~-.J--=-~

.;;
;~.

", '.

,', ..

The control boo~h was fabricated by Design Space Internation-
al, Bala Cynwyd, PA,_and is commercially available from its numerous I·
distributors throughout the country. Thls booth could also be
constructed by any quarry operator using a minimum of skilled ­
labor. For this program, Foster-Miller purchased the completed.
booth.

The original control booth was mounted directly on the crusher.
support structure. Original plans for mounting the new booth
called for isolating the booth using rubber isolators between the
crusher frame and booth floor. Isolation was required to mini-
mize the transmission of vibration from the crusher support
structure into the booth structure. Further considerations, ,
particularly operator safety, led Foster~Miller and 'the ~uarry

owner to the decision that a separate support structure for the

-- ':, ~-'. -- "-;",-.-
~- ..... -",' ..... -

.-,- c.
- .- -- .....

',I'~r7"'-C'-
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(2) SS 24U
FL UORES CENT
LIGHTS

9-5(8 in.

l

(2)4 ft.!3ASEBOARD HEATER JAW

Jl
FEED CRUSHER

1 LOCATION

--! ' i--l:- - -,
,-__ ----l

:w:Ji

n i~! j:
:! IIES

r
; [~~=::J

u ~. ,

fRONT I ~ ~I-+--..l+__ ~;;;::::==II:::::-E-==-='~3::::.J

E .::1 •f'j 7t:-.; -i~. SERVICE
8 ft, 0 in. 9 ft, 4 In. WALKWAY

10 ft, 0 in.

a) TOP VIEW

J

I i

,r (1) ~80~BT~}mCC-O·NDfflO~ER1

I~:
,

"

, , ,
I , I ,I II',; ~ ;'

iI ,
,

1'1 ',' '!\0

If ~
, ; I' ill" '

, II! ! ~,'

\ ! I I ! I '~ :',: ' ,

\ ~l (3)
'~'.", INSU

I,-- -------~

~I
I (1) 36 x 80 in. INSULATED

[
, COMMERCIAL ALUMINUM DOOR

WITH 24 x 36 in. WINDOWli-~--o ~'- "" " - -=.'. -

I I III' ~D
I II;, I

~. ft , 0 i n'.~ I, ,! I I : : 'I ' 0

I IL I'lill':' \,II'" I' II'
I Ii 'I: I, i

l---- __ lb .Jb
'

1,1 ~ l
L1~E;~ 1'1CJ 5 ft, 3 j~O f--- !

i (2) 36 x 80 in. INSULATED \:. ~~~60~~MINATED ,! .! (2) 6 x 8.5 in. WIDE 'II

!COMMERCIAL ALUMINUM. ~,OO~S :'. _. __ .• I __.. ' -~~~~~_._----_.~'---i

b) FRONT VIEW c) CRUSHER SIDE VIEW
---~-_.~-----..- -". -~_._~_.----- ---~-----

-, .-
..:,,::.
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I

. j

CONTROL BOOTH GENERAL SPECIFICATIONS

i
I

I

J

[ \
i

:!___,_J

I

I

I
I

~========~=====-===============;--------'!. ,----jd)
L. .---J

Ir-
,! ELECTRIC
I LOAD CENTER: (1) 60~1fH 'MAIN BREAKER

RECEPTACLES: (10). 110V AUPLEX
RACE WAY: iCOPPER ROMEX

FRAME ~I _
FRAME: ",6 in "1

FLOOR '2 K G x. ~; .. < 'f J,b N°, -", -,

JOIST: ~g-;-6 ~ 8 ft, 16 in. O.C. I,-SUB FLOOR: 5/8 in. FIR
COVERING: lL16 in. V.A. FLOOR TILE
INSULATION: Ri,'

INTERNAL AND EXTERNAL WALLS
STUDS: 2 x 3 x 8 ft B.O.C.A.
PANELING: 5/32 in. WOODGRAIN MUSKET
INSULATION: Rfl
SPECIAL: 1/2 in. GYPSUM OVER 5/8 in. GYPSUM
EXT. SIDING: 0.019 in. ALUMINUM OVER 5/8 in. GYPSUM
EXT. TRIM: 0.019 in. ALUMINUM

ROOF
. CEIUNG.,
"PANEl.: I SHEETROCK PANEL, PREFINISHED, 3/8 in.

__J 'INSULATION:"l R~14
i ROOFING: I 30 'GA. GALVANIZED STEEL

1'1 II! II I I i 111111' II' 'nI II j: 'II, !

,0 r-

I

, II'IIIIII!'!'
0 I, I I . I , 'I .• i! Ii' I'I I I 'I !

, ! l :' I ~ I ii,
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I
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l
\-----.---------

I
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I
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I
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I

I

I

0 ! i i ! i
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I
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I
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i
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!
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.'------------
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FIGURE 6. "- oper~tb{'s-6oritt61=bboth" (c6hti~rit~a:) .
_~____ •• ~ ~_ _ __ , L
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booth, ·wj{;s~W}fr'r.a~hCe:d~.~~.:'".'I'J-lev sJ"pport-!:fEi-=ucture was constructed on-
site by quarry personnel using 6~in. I beams. The structure is
completely in~epe~d~nt oj the crusher support frame. The booth
(Figure-c"7')S'w-as--ithe'rr-moun:te'd:-;"Oi12'~hesupport structure so the
operator could step directly from the booth onto the catwalk
over the crusher thr.oat..- ...-----,--·-~_.- -~------

charge):l'$~4=-9T9-=:ae~l:.i!ver_E~d:::- I, ( $ 2 91 ' de 1 i very
_ . ..., -;-, ~ --., ,"-'" •.•• r- r '~~. '.:.-' -.,- ;}-'1~"TI"""""""O<I!-r,---~-

t-ime' .'. -=" -4"0 rna"rihouis.~' ."Installation

Booth costa.

b.

The following costs are based on actual purchase prices anu
\.)

the use of quarry personnel to instalL ,the booth: ".r,...
',t,

25

30

33

33

32

36

._ I

('
.J

c-

;L'

f·

,
I,
~

.l.··~-1 ;;- ~: .;,::.'_ ...... ...d..", ~ . 'i~,~.~ v....) ....:! -'~(=":::.d.. 6 :.;:; ";"'-1..:. ~-.:.!.:::z:."2·)

- Plant B -'lcontrol'....b06t~.9-_i:_.p_rj~IP9.!:y __ st:..~.ti'-0...;n~.__' ~

_1_ .J

F:.

33

;; <.

33

Plant B is an,.inclined. ,.screenlc.Ol1e_crll,sh,er. secondary ..
" ~ portable plant as shown in Figure 8. The coarse feed to the ,

- plant, -10~n~,.. is. conveY9r belt-.fed to a scre,en fE!E!dbox" accel;"
"-, erated over a 20 deg double-deck inclined screen, discharged ;"

into a crusher feedbox, crushed in a cone crusher, and finally
discharged ~'fl?6m' the plant·'ortto: a transfer' bel t::::.:: The= basic

-~- ---=-(~~~:. ;~:~l: .~-i~:l--·~~ -::~-;.,-- ,: ~'~!'TI---;:: '",' -'~~-~--~~,·~1-1~'-'-;-'-:;-·;--:--L(·-~ . ~.~ '( cl~-:-:-TT_1

:';~o::\-t:: .::::~~. ::,;";,c.:'j: ,::'"" :'1.:)'"' .. -: ':":'.,I·:::''J D~.". L,'.1.' ~;',;;:l.,);,~.w<d .. :'~i:;J -- ~
r!

.-. -,'----'--- ";:-GR'I~'ZJet'?~~1IJfER1r-- -'- _.~ .. --,__ ~_.. .. __.._ .__..~.r .~ ~

~. ,'--". ~\P8:V2JdER t\~~fA!~CONT~o~~~~eTtU :
.\i

35

1
\'---=--=-_::-=---=-::=:>

Proorer Typist

""'l r /(1 n
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1_-

,,'

DO INCLINED
" I:.'

, II CRU-S H~ER=---=F=EE=O-:-:'HO=-=P="P=ER::-lj
------,~--

)
@NE CRUSHER. "

I

FIGURE 8~ ~'Plant B portable plant.

- '. :;/:' I "'.~-',

-:t·} equipfu:~nt is a 5100 Standard Symons cone crusher and a 5- x 14-ft
Nord-berg inclined double-deck screen mounted on a structural steel
chassis.

The following subsections discuss the retrofit design for
this plant.

3.5.2.1 Feed Chute and Screen Feedbox

A dead bed formed in the chute absorbed the impact of material:­
discharged from the feed conveyor. An internal feed chute shelf
retarded the flow of material somewhat, but the feed has con~

siderable inertia as it strikes the screen feedbox or the first~
:.,.....-- --~-

I:scre'en- pane 1-:-' __' __'-

An attempt was made to create a dead bed in the screen feed-
box to retar~ the flow, but a sufficient.,layer of fines could not

,be built up. A Trelleborg 60A Base Durometer rubber impa-ct pad
'\;wasthen Installed (Figure-g). "The 3'-in---:-thrck p'ad, mounted '~~

ibn 1/8 in. steel plate, was drilled and bolted to the screen fe~ed- ..
:ibox using 3/4 in. bolts. x

-' .'

-I' ., r-' '.:3
-- --~) '-' .--

~:.. :- ,-

,..-/
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"

- 'r--' .... -'·~.--, ---~---_. , ....--.,." .~.

3 ~ 5. 2'.2"'_~·Thcli:hed'Scre·en~~, ,~

-' - ~-

All screen panels were molded 60A Base Durometer rubber
mountgd 6ri'33]b~~~ffi~sSof~~tifrcturalsteel, as shown by Figure
10. Each panel weighed about 110 lb. The first screen panel
was a 3-in. thick _blank-Cno.__ho.les).. and_the__r.emaining panels were
3-in. thick with 3-in. diam holes.: The rubber panels' hole pat­
tern conformed to the pattern on the AR steel plate they replaced.~

'The panels were mounted to the screen frame using 3/4 in. coun:t:er- ~
sunk bolts. Figure 9 shows the,installed screen panels, inclu~-

ing the blank panel. Fig,u:r.e:~l:l pr'e'sen't:s 'a:-'sk'~tch of the inclined
screen and feed chute. ~:-: ~~2 '= '-",'~:::C'<::::- \,T~_'1C~{)",.J:

The first screen panel absorb~ the energy of the large fe~d

and decelerates the material asit:enters the feed end of the ~

screen. This retarding of materia~ flow keeps the l~rge feed jrom'"
bouncing down the -lengtho'f--the' screen;--more'-even'lY"distributes
the feed across the width of the screen; and, ultimately reduces
the', imp-a'ct'noiseoeof -the materia'l striking- the 'meta-l'''stTtlcture-.?.\.
The remaining panels of the screen are more than adequate to
effecti'(.ely..x.:.emo.te th,e-"f.in,~s fF.OID- t)}eC'+3..,i.n~" tQ.p:_st~~.;",.,no prod·B.c- '.'
t,iQn.xed,u2tro~n'hasb~eiCexp.e·rierlced;_Y.:.::.:_-.~ ,-_., . ~,--,_ .. .. __ ,

""":.'

,~ .:

., -,

.).:"

3,5
F 1'G-U:RE: c:l 0: ~,..... P ]iia:rt:"t: :B· 2-'. scr-ee iii cp:'ane1.s: =: an c1 Ss.t!:ruc.t·U':l7 a 1

------- ......, .._.- .._- - .. _..,.,.. - ,·-s·tee·l---f·r~mes· --(.shown-,i·r:l;v:e±-ted.)-.·-~_·.· .. _.- - ...
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,-i'"::'.. --~s-cr'e-en -s~~de-win'gs ,--t"hat"-'are used:··t6-ret-a-inthei-ar'ge "fee'd',~
, 'are excited by impacting rock, thus radiating noise. These wings j

: I have been lined with I-in. thick steel-backed rubber (Figure l2~:l. ~II
I ~he lining is attached to the wi~gs of the side plate and not tb .
i :,the side plates themselves, so the structural integrity of the ~ '<'1

! ,screen has not been affected. The lining was quickly installed.: '
by using a Hilti gun which, in ~ssence, shoots a rivet through~he~
ilining in to the wing. The rivets, however, came loose during 'c:;' .~

Ibperations and the liners were then bolted in place during normal
'I maintenance. .-:~.
, ,
, .

; Rubber bumper blocks were a~ded to the side wings right at
,the discharge lip of the screen ,,(Figure 12). The coarse material ~.I'";
'traveling across the top deck often became pinched between the S, <::!'
I~ibrating screen corners and th~ stationary crusher feed chu~e.~ 2[\~, ..
support. A danger existed that ~the screen could literally bouri·ce~.

L :',off its support springs during s:tart-up and shut-down if any :
'pinched material restrained the screen I s movements. The bumper . \ 3 ~~ .. '
,blocks channeled the screen discharge away from this critical area~,~
~nd directed it more effectively into the crusher feed chute. ~ ..

.-..,.1IfJ F

.FIGugE-12.)- ..Rubber bumper;l;:>lqcks_agdeg.·to.the
- • .J. __ -. '-. ··'-"---screen~sidewirigs>.-'-'''---,

IPI NCH\
AREA,

\\ --- '

">.----



I" The 's'cree~- top 'dec}t discHa:'rge ~}ip required a relatively
IsmaIl lining to attenuate the impac,t noise from the.· screen. overs: 1 •
i~ear is a major pr.oblem to be addre~sed with this modification~ _I:

/
The li~er mus~ be 'replac~d w~en neces~ary to retain the noise ~j ~

I reductlon achleved from l ts lnstallatlon.·n'! -, 'II- ---. -. - -- ---. - .-." -_.' ----. -- ,- -- - ~ "': \-
" ~ ·F·"""!:-- --- __.-..~_ ..'".,_ ..... ' - ---- -

A drag curtain (Figure 13) was. also installed on the feed
chute so the trailing edge of the 2~in. thick curtain hung ove~~

the screen feedbox. The curtain wa~ bolted on the outside of t6e
conveyor discharge box with 3/4-in.· bolts and a clamp bar. The',:
curtain acted as a. retardim,t~ fort-he-=- accelerat'ed feed from the
chute and as a means to more.cun'iformly distrrblite the feed across
the width of the screen. This type - of curtain is ;mandatorYi asa
safetygontroL-.-1.C?."prevent coarse feed from bouncing off an inclined,­
screen [which has be---en-outfitted with re---:-Silie--n:t-cfOthTl
~ - '

3.5.2.3· Crusher Feed Chute

Figure 14 shows the des'ign of the linings for the crusher
feed chute. This design called for lining the.entire inside "
surface of.the U-shaped. chute with 2-in. thi9k.rubber material. i

I' - ~ - - I

~FIGURE ,13. -'v·~~~b.~r drag, c~rt~in us~d <to._ re!-at'd
.. --' ~ .'. material-flow'.' ,u_~ .---~,
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The lining_ w?:s s-uspended: ,2 ien_.c- .from- -the chute surface to allow.
,the material to flex whe~impacted. This installationtechnigue~ !

19-.11p-0-sa__ reductiQIlo-j: -the _r~eql.lired r~liber _th):<:.kness-to--::"J:mpact-IOacfl
['ratio. ~,-The_rubber linerc;members were predrilled and fit-up-holes '
were torch-cut to match the-"hopper shell. The liner was then ,.
bolted into place as shown in Figure 15.

3.5.2.4 Plant B - Crusher

The noise sources in the crusher addressed by the retrofit~

design were:
- -

a. Crusher feed impa-ctin'g the gyrating feed plate

b. Feed material bouncing off the feed plate onto the
floating feed cone

c. Radiated noise through the crusher main frame shell.

Figure '16 shows the treatment designs used to attenuate noise
from these sources.

f - ""-It

\'~.-

r.---.-~ i'·~
lSI DE: ',' 1--
:LINER [c----,,--c-+----,...-'
! f ., '1'1

i".UI ~HAPED1
'ClIRTAIN I
w __~. '

-lliUMPJRl

~;HAR!GELIP';b!INER :

FIGURE 15.-· -p hiht::.:'B=- -~ crusher~ feed:. chute': linings.

, , )

.: ~..

----_._~------
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'-FIGBRE16. - .Plant B' - crusher modifications,;

Fl.olrT/I/(; reCO CC:W's­

AalClSrME;VT /f'I/'I~ \
/1SS~M8t,y D

" .,----L--kt__'�cJ-----I'-,...".

IlEYISIONS

"" I

t.lOT~5 :
1. Ii COMPLET~ )/O)/-S"GMc)/TE£J rcct7 CON':

ASSEMBLY IS £JcS/RABLt TO R6°t/PCc OR IliVe

THE STeEL BUT USE 5nX,l( MATE!?IAi,

Z CLOSE ClIf?TlII!v' /I!?OUND M--9/Iv'FRh'ME FL,'lIlGt:

AN£J COUNTcRSI!h'FT BOX/ TRIM FOl!? SI/UqA7)

Oi/ERUiP SEAMS ADJl'icENT <OUNT.t'/?5,h'/lFT BOX

o

Feed Plate

I A rubber crusher feed plate (Figure 17) replaced the orig{nal .~

~R stee1 plate-'---The originalS-in. thick rubber mounted onste~l "-~1:
,plate was incorrectly supplied at 24-in. dia instead of the orcfered~;
!27-in. dia. The 24-in. dia~pla~_was installed, but it quickly;] , "lJ
'wore a~ound the mounting bolts~'and was then replaced with a '
correctly sized plate. The~e was no noticeable affect on the ':
crusher's dynamic balance by replacing the steel feed plate with
'the rubber one. !

Feed Cone

,The'feed cone receives the impact of 'material being d~recfly
I discharged from ,the ,screen__and material bouncing off_ the feed I·"

Iplate.' Liners of -i-in~-rubber mounted on steel plate were used~--,to 'l
\
:rePla~e t~e ori~inal AR ,ste71. plate liners. Th7 rubber liners ',~ere~F
:supplledJ..JL~trlps. The orlglna-l steel plate llners were removed. ~ I

lposiflons of l101'eS-ln the liners were markedon t~shell and--coiie~r:;
'Hole's --;"ere'-'th'en-torch-cut in 'the shell -a:nd--cone- and the liner.s _.
were installed with countersunkJroundhead bolts. . ' -

~ "

1,\

~ ,"",'

-- --' - -.-" '....... -- ,--_ .....-. -=",-""1"':::,..... _-'-,
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FIGURE 17. - Plant B - installing rubber crusher
feed plate~

Crusher Shell

The noise radiating from the crusher main frame shell was.
I caused by the crushing action in the cx_ushing cavity - itself. A
Tsound bar-iier curtain was hung on the outside of the crusher· oJ ­

'£rom the adjustment ring to the bottom of the main frame flange, f­

I (Figure 18). Slits were made in: the curtain to allow hydraulic)
I lj:nB"s --to-pa's'S" throu9h -it·-an"d-the. ed"ge S' of -~the-"CU'rt-atn·we·re~over-;;:.,.
I lapped to contain the noise. Since the adjustment ring is an !-

I
,irregular shape, support gromets in the curtain, spa'ced every r:
,12 in., were used-as-a-t'emplate to-'p-o's·ition and weld 3/4 in. studs t '

l on:the adj ustment ring 0.0:---- The' free=hung curtain should not have __
to be removed during normal crusher servicing andoper~tion; it~ ,
is free to move with the adjustment ring when the -'~ciusher passes .~._
tramp iron.

The following Plant B 'act:U-a.-r ·cos·'C"S·:.....(excl uding the booth)
are based on purchase prices ,for the designs presented u~ing

quarry labor for installation:

-_:.-:~ :~ '2
?: S
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FIGURE 18. - Curtain installed around the crusher
main frame shell.

a. Raw material = $14,000

b. Installation time:
,.

= 12 manhours

= .2. manhours

= 3 manhours

= 30 manhours

16 manhours=

Screen feedbox

Screen deck, wings,
drag curtain

Crusher feed chute

Crusher feed plate

Crusher feed cone

2.

3.

4.

1.

5.

6. Crusher sound curtain = 3 manhours

Total = 66 manhours

A more detailed cost analysis for Plant B is presented in
Section 4.

_:.: '~'.

- -- ':;. ..... - '-"
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.3:;S~,-3::,:'Plant,~A=:~ 'Ho.riz:cm:ta:l 'Sere,en/Cone Crusher Module

Plant A is a horizontal double-deck screen/cone crusher
secondary,mpdule ~s0shown~inFigure 19. Plant A receives a pre­
crushed-- arid ~tockplled ROM:-":.,:'itf in. 'material. The coarse feed is
conveyor belt-fed to a screen feedbox, transported over the
screen by the screen--thrbw'-ttlt.-b 'a-conecYl1sh-e-r-;--and- finally
crusher-discharged onto a transfer belt to the tertiary stage~

The basic equipment, mounted 6n a structural steel portable
chassis, was a 4-1/4 ft S~apdard s~~ors,.core ~rusher receiving~

the overs from a 5- x l4'"-'ft'.);:~aar-',Rap_fds, ho,r~i;.zontal double-deck
screen during the initial~'-urvey'a'ilQ 'aesig-n:- phase of the progr~am.

After design but prior to rettafit, the quarry owner found
I.. it difficult to maintain the crusher closed side setting due to

,worn-out crusher ~_q.IJlR..9_n~_Il:t$._?IJ.d~falll ty p-ydrauli,Gs_. ,"" The owner '­
decided ta replace the crusher with a Model 1500S Telsmith con~

- crusher ~~~!-9-~,~e.d,9n.J.b~ !?ame chas?i.s. Modificati?ns_<t9...~h.~_." ~>

..-

,~ ~

,~ ....

- "

,~ .

--- -

.~ :

-.

r,
.-:"

, ~~

f·[5 x 14 ft DD SCREENI
r 'iSHROUD OVERI,

-I' (CRUSHER I

I

i ,~-
i ,--.
I

i

I, ... ' l

"-'1
1 ,I_~=--.:..':'--~·"==:..=============================--=-===-~_i_-,_.I '-.
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chassis'~.were:.made_'to;ac:c.omrn·o:date-. the';ccrusher main frame flange,
the screen support, and'the feed conveyor position. The new ::
crusher had a greater capacity and is now fed the overs from both

.... II the 3- in. opening top deck and the 1-1 I 2 rn~openTng second deck of I

-'-.tJl..e_~~_13 __J.t Ced.ar_Rap_tg.s screen, a..t ..~ capacity of over 325 tph. ,I
.After the circuit was bala'nc'ecC" the, feed t:'-6 the" plant re"t:urnecY'--- .-.-
to -10 in. material:-'-' -.-.. -.-------.-... ----. ... ----.--.,-.

General design goals for this plant included:

a.

b.

c.

Minimize impact .no.is=.e_ a_t t~e.. screen "feedchute

Attenuate noise' on.cthe' screen' top deck area

Attenuate noise at the screen discharge area

d. Reduce impact noise at the crusher feed.

The following-subsections discuss the retrofit design for­
each of the considerations listed above.

r-

3.5.3.1 Plant A - Screen Feedchute

Figure 20 shows the r~f~ofit'de~ign for the screefi feedc~~te.

A preliminary design for the feedchute included two cable-hung
impact panels for the primary coriveyor discharge to the feedbox:
When the new crusher was installed, however, there was only room
for one impact panel in a nearly vertical position - not the
preferred 45 deg position. The single panel, manufactured by
Durex, was 2-in. thick urethane, 88A Base Durometer, reinforced,
with 3/8-in. square opening, Grade 10 woven wire cloth. The ,J

panel was bolted into the feedbox side frame.

The.original retrofit design also did not include a bottom
chute liner. During the follow-up visit, fines were observed to
build up in the chute creating a'dead: bed. When the feedchute "
was reworked as described above,-thefines could not be retained
in the chute. A Durex 2-in. thick urethane screen panel with .
3-in. square openings and reinforced as described above was fitted
and bolted onto. the bottom of the chute. The holes effectively
filled with fines creating a dead bed.

3.5.3.2 Plant A - Horizontal Screen

, ._The screen ,feedbox"was lined with a panelcont~ining uniform-'
ly spaced 3-in. openings (approximately r80'1 percent 'open area).
Panel material was 2-in. thick urethane, 88A'Base Durometer wire- ~1

cable reinforced. The liner was tightly fitted to the sides of

? .. ._~ ---- \....-. ...~ --

r' .-
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the: feed-box- ,and'.b,oJt.e'd '-i:-n:: thro-,ugh ~j:.:h~::::sides. A bed of fines was ;t ",-t

:captured -andeventu-a-:lly 'huil t up over the liner pockets, as shown \r/
Iin Flgure2L-, 3
,--'

,-:,
\ "

~\ ~
1'\' "
~~ ,

Th~-6~iglnal--S::"'--X-l4-f~;: a6tble:"deck screen was outfitted
with a top deck of S/8in. thick'manganese plate with 3-in. dial
holes. The bottom'-d'e'ck was---l;..1-/4- 'in. squa-re"'wrre'-cloth. The ",
top deck. aJways C!isc~.9-rged into the: crusher but often the second' ,~
deck and I, minu:s[l-l /4 in ~-- "throU<jhs"-'were stockpiled or sent to thEi1
tertiary .plant.-.·---.-.-.--- .- "

'-,

The screen shown in Fi:g,ui-e~ 22 ~as·-:=rnit:i'aliy retrofitted with 1 c

resilient cloth on the topdeckoi1ly.'-' After 'the new crusher was .,
installed, the second deck was also retrofitted with resi lient -'J
cloth. The top deck was retrofitted with Durex, 2-in. thick /' :'J/..!
urethane, 88A Base Durometer, screen cloth with 3-in. square ~.

openings (Figure__1J). The urethane._VlCls reinforced with S/8 in~' I 1,'
_~quare_opening, IGrade-rO-~w6Ven-wlre- clot]:1:-- 'Scr'eenpanels .we!e'i, n/: F
: installed -wltl1urethane coated side tension rails and hold-down U-'
:bolts as shown in Figure 24. The second deck panels were l-l/Z in. ~

__ !~~~~~du~~~~:~e with 1-1/2. in. square~p_eni~~s_:~,re_~nf.~~~~edas des-:- I
--;--- ~--~-- ~ ~ ~ ----_. - -'-- - -~ --

. -,

...: ,..:
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FIGURE 23. Plant A - screen panels.
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The combin,at·idn:: of·-:: the ,'la-rge-r: o.pen'iIlg~. and the reduction in percent,
screen deck open'-area typical of resilient cloth did not overload

- the tertiary circuit. Urethane side plates were installed on the
top screencdeck~ but.the~coa~s~~feed abraded them quickly. Wooden_
side bo~i~~ ~~d-c6ri~~y6r-b~iEi~~were used to replace the urethane
side plates.

3.5.3.3 Plant A - Screen Discharge to Secondary Crusher

Screen Discharge Lip
-> ~'

~ .- .. - -... ., .

The original screen incorpor-ated, two dis.charge lips to convey
the overs from each deck-t6-the-crusher~ The'initial retrofit
design considered lining only the top lip and its sides which came
in contact with the coarse crusher feed. When the new crusher was " ,

, linstalled, the top screen discharge lip was removed and rthe overs j\~, ~ ~
(from both d~cks impacted on an enlarged second deck discharge lip. '" _ l
'Figure 25 iflustrates the modified discharge lip treatment and ~ ~~ "
the screen discharge area. Discharge lip liners were cut in the
field to the dimensions of the modified lip. The liners were '
Durex 1-1/2-in. thick urethane, BBA Base Durometer, reinforced
with Grade<10:.woven wirec.loth.c The 'lining,swefe"bolted into
place (Figure 26t~ Counters~nk holes in the linings kept the
3/4-in. bolts beneath the wearing surfaces.

Crusher Feed Area

-i A significant amount of noise was generated by material
fall~lnt6 the crusher and striking the conical feed hopper. e

Eight molded I-in. thick urethane segments were supplied by Durex
to line the conical hopper (Figure 27). The segments were formed
to the shape of the conical hopper and the fit was so tight that
securing hardware was not required. The urethane segments were
reinforced with woven wire. cloth, as described previously.

/-
i _".

~i

\

,'. '-

" I
\~

~, "

! A molded urethane mantle cap was considered in an attempt 10 I~:
I absorb the impact of the ma.ter.ifl-l. _d\.:.scn~):"g;ingJrom the screen l-ip. I,I,~ :

- ,I, However, the crusher was" I choke-fed-:;TIjp:FoECblft;E;'ff~t,han sparsely-fed-
land the material itself -was..... -£ho=uLght'-:-t·o.... 'be-a ..'D~tter noise attemt~ i
iator. Therefore, 2:...0_ c_h_an?es we~~__m~?-_d=.~o the mantle ca~p~. ~~I~ c

The following Plant A actual costs are based on purchase
prices fo~ the designs presented using labor from the quarry
for ,. installation:

,."" ~o -"__
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FIGURE 26. Plant A screen discharge lip.

. ·FIGURE. 2.7.-.-.P lant..A- conical feed hopper. lining.. segmen.ts..
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2,
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b. Installation time:

:;oi~:;:=" ~o~J'ey~i- - :::,::':::2'3 0

5.5"manhours

2 •

: 3 .

4.

Top deck

Side deck

= 21.0 manhours

5.

6. Crusher cone

Total

= 10.0 manhours

= 69.0 manhours
-\ _.- --_._-~

\ A more detailed co.~j:~_n§i~ysis fC?r_.)lant._~ i~_pr~~§.nt~d
~~<:_tl_'o_n_i-._~ . _

----'
in

.' :·-:-3.--6 Design::-aRd=.tnstaIlation' Conclusions_<

iRe1;rofit
urethane, 88A
Noise control

a.

b.

c.

d.

Screen feedchute

Screen top deck area

Screen discharge area

Crusher feed. /.

Treatment costs for the sources totalled $17,000 for capital i~ems~:

and 69 manhours for installation.

Retrofitted noise control treatments at Plant B were Trell~- ­
borg 60A Base Durometer rubber. Noise control treatments addressed~

included:

a. Feedchute and screen feedbox

b.

c.

d.

Inclined screen

Crusher feed

Crusher.

'.C .:.~::-::: I. '_ ~_": -,. '~=:2"
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Tre-atrne.nt- -costs-Jor~_:1:h.~:~P,-l?-nt-OB 'solirc-es totalled $14, 000 for
capital items and 66 manhours fo~ installation.

Tne}::"pr=-ifna~tyc:t"usherO::noi'se2 '-sources at Plant B could not be
reduced in a cost-effective manner.- Therefore, a control booth
for the operator was_d.e_s_i.gn~d_and_ins~ta11e_d..__C_apital items
totalled $4919 delivered and installation required 40 manhours.

.',-

.-'b.

All of the Plant A and Plant B'noise control treatments we~e
installed on a retrofit basis to accessible noise sources. The~

treatments responded to the:::;'conti-a'ct'O guidel'ines by meeting the
following criteria: a."- =:~_2 ~ __ :.~-= J:~:_ -_- ~~-":'-~J ' "

a. -I The - treatments were ac~:)Ustically effective."j-
1---' .. , -.----- -..-- ---'-

Only commercially available materials were used

­
"

-, ,"-....., .
L

;'.. I

when :frT
!

o /

on the plant/ '~/
~!

---~

r

No special services or facilities were required to
. fab~icate /' install and maintain the' treatment

e.

c.

d. 7:The treatments were durable and cost-effective
- 'iproperly specified and: installed

I - . . [, ,

!The modifications had a!minimal [impact
imorlule operation. ' , I
I. .

Aco~stica1 effectiveness and durability is addressed in
Section 4 for the installed noise control treatments.

-, - _~ I ••

,~ :_,

.-c.:

.- ", '

: '-, 35
--'"(:'-"0.L. •• J

35



\

. '. --- --,- ..... - '-' 117,

.. .'. .. ::..::.., -~ -- - . '-
'-

-4:-- c FIELD DEMONSTRATION RESULTS

......::.

F1vfA'''per'sori:hel'':w~ereori; s'i'::[e'during the installation of the
treatment materials and participated in startup and fine-tuning
activities. The noise surveys" were_rep,e.ate,d_at _this time at both
plants to determine the effectiveness of the modifications.
Monthly followup visits were conducted at each plant during the,
first 6 months of the program. Field modifications were made .~
during some of the followup visits. The noise surveys were ,
repea ted during the visits c:to .:--:d·etermine"~noise,o'con.trol effective­
ness and to note wear ori~the~r@silient.:m~feiials.

~~

:j

.- /....

, ,

- ~

_J

The following subsections present the field demonstration
results and an 'analysis of the cosi-effectiveness of, the retro~
fit program. Noise survey data are first presented comparing
measured noise leve'ls·ta-ken-cbefore-and-afte-r-,-in-stallation of
the modifications. Successive followup noise survey data are
p-resen ted in a manner- that al-lows·--de·te-l'mina tion o£,-the' performance' ,
'(or lack of performance) of the treatment materials as wear U ,~,

occurred~·:,g': 2 '; '/=:--,,-::':: _. :'0; ·,:,=:.:c2.::;'E .:.::.. ..=.::.:: <::::~,.,-_ ';2:-S::;
4.1 Portable Plant A - Noise Control Treatment Effectiveness~

L ._..--,: '.
The retrofit program at Plant A was initiated on 27 April3

1981. Prior to any material installation, new baseline noise ~

levels were monitored at specified locations as described and .~>~:_~~

shown in' "Figure 28. These measurement locations \'inc-l ude 4 stations
which represent typical cleanup areas (1 to 4 in Figure 28) and 2~

three stations next to the majoi noise sources (5 to 7 in ~_~
Figure 28). During the followup visits to Plant A, all measure.-, ~.~

ments were made at the specifi~d locations. ~ 2~

?,~ I

::; ~_ -1!---------

~ .': T------=---:~--=:-:-----------:--- ------=---=-----~----=---_=_=-----,~,-J:::i..' _"':"..:;-~..-
Table 24 presents a chronology of the retrofit installation I ~~

I

and 'modifications and the schedule of followup visits between !2~

the period 27 April to 20 October 1981. j~i_~..fui't.,conditions are i.-:=:
briefly described as well as a summary of the observed deteriora- I

tion of the installed treatments. Id)

___4_.,_1_._1__I~n_i_t_l~·_a._l__T_r_e_a_t_m_e_~n_t -_- -t:
During the initial treatment on 28 April 1981, the follow-

"ing._)I\,~_tE~X:i,q,l,s w.e:(e..--installed:.. _ ',. ' .. , __ ",' .... 0 _~•• " • _. _. __ ", _ •

33

-------_ .......-_- ..__._,-~. _..... -~_., -_.,--._---..... _--~--~-- ..,---- ,- .......-.- .... '

c.
,~--...:.- -------

.ResIlienttop screen dec~

Repilient impact pad i,n the~en'l feed chute I,

~ CGnical: l'in~r', in': the:: cru:;;he6 feed hopper/:"~ ~,.
--'c-'---c---J .S
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As described in Seciion-3,modifications had been made to
the plant by the quarry owner between the design and installa~

tion of the retrofit materials. As a result, the screen dis­
charge lip liner and screen feedbox liner supplied by Durex
required remanufacturing. Liners could not be field-modified
to meet existing conditions ..

Noise measurements performed on 30 April 1981 showed a
4 dBA reduction at measurement location 6, located beside the
screen 2 ft from the discharge lip. A 5 dBA reduction was
observed at measurement location 7 located beside the screen
feedbox. Little or no improvement was observed at other mea­
surement locations.

Figures 29 and 30 show the octave band levels monitored at I

locations 6 and 7 on 27 and 30' April_l1981 ~s~;wel,l,:~;?-cs du·r.ing ,?u,p.::-=-;.:
sequent modifications. Refer to Append~x C for octave band
levels monitored at the remaining locations during followup
visits after modifications. As can be seen in Figures 29 and
30, significant reductions occurred primarily in the 500 to
4000 Hz octave bands.

4.1.2 Modification 2

On 9 June 1981, the screen discharge lip liner and the
screen feedbox liner were installed. During the period from
30 April to 9 June, materials installed during the initial
trea~ment were wearing significantly. On 9 June, the top
screen deck was troughing and showing significant wear.around
the openings. Hold-down bolts and side tension rails were also
failing. The resilient liner installed in the screen feed chute
was also badly worn. The screen top deck side liners!hadworn
out and were removed. .--

Noise measurements made on 9 June, after the installation'
,of the screen discharge lip and resilient screen feedbox liner~

rshQWed an .impr()\T~_rn~n·t-·-over-t-~e 30-=-l\p"Y"i-l-'me-a·s"U"n~ments· 0 f 2 .dBA at
!measurement location 5, 2 dBA at location 6, and no improvement
at location 7. Octave band levels measured at location 5 are
shown in Figure 31. No improvement was measured at any of the
four monitoring locations at ground level.

" .

--" "::J' -,- _'::l ",
..... - -'-.

Analysis of_.:the .data from modification .2, together w,i tho
on-site observation, led to the conclusion that because of cir-
cuit conditions at Plant A, the bottom~screen deck was also a
significant noise source that I'could be addressed by retrofit.\. ?i:, ...:
Re s i 1 ient . sc reen cloth was orciereaL:.:--'ii~-------------,----_\S:;,-,4:s~ .'.

"j 2::- "Co ~_::; c_ ~_ ?...:-. _. ~,? c'. S· 2: 1··_"C. _2 ~ S _. -.:
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Consideration was given to. enclosing the screen vibrator
unit since this was-also a major noise source. FMA is aware of
successful attempts to attenuate noise of the vibrator unit by
some screen OEMs, but this success has been on new screens in a
controlled test program in a pilot plant environment. The scope
of this program and the specified design criteria did not allow
FMA to design and install a special enclosure that reduced the
vibrator noise and did not affect the mechanical performance of
the screen. An enclosure around the vibrator unit would have
retarded the radiant cooling of the housing and bearing life,
type of lubricant, lubricant flow, and other screen operating
parameters would have been affected. An acoustical enclosure
would more than likely have to include a cooling water jacket
at this installation, and FMA decided that this was not a cost­
effective, simple, off-the-shelf technique to reduce noise.

4.1.3 Modification 3

On 23 June 1981, the resilient bottom screen deck was .in-­
stalled. By 23 June, after processing only 50,000 tons, the
screen feed chute impact pad was totally ineffective. The top
screen deck was also evidencing additional wear. The only
improvement noted after the bottom deck installation was a
1 dBA reduction at both measurement locations 5 and 6.

Analysis of the data and observations by program personnel
concluded that further improvements at Plant A would be diffictilt
at best. Premature failure of materials precluded any subsequent
retrofits. Followup visits, however, were made to continue to
monitor material performance.

4.1.4 Followup Visits

Followup visits to Plant A were made on 7 July, 26 August,
and 20 October 1981. By 7 July, the two discharge end p~nels .~

of the top screen deck had been replaced with AR steel plate.
The resilient top deck (Figure 32) had processed 191,000 tons.~

By comparison, an AR steel plate typically processes 680,000 tons
: . .:.-

at Plant A. The urethane side rails were replaced after 28,500
tons with used conveyor belting on wooden frames as shown in
Figure 33. The feed chute liners were also replaced with steel
after processing less than 50,000 tons.

Noise measurements made on 7 July showed that ·noise levels
at all seven measurement locations had returned to baseline
levels.

, -
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"'·r ..FIGURE 33. - Plant A ~iscreen slde protection.

By 26 August 1981, the top screen deck had been completely
replaced with steel~ Screen feed chute liners (Figure 34) h~d

also been replaced~ The screen feedbox liner (Figure 35) was
showing wear after processing 165,000 tons, but appeared to
still have approximately 50 percent of its original life
remaining.

The final fbllowup visit to Plant A was made on 20 October
1981. All resilient materials had been replaced except the
conical crusher feed hopper liner and the bottom screen deck.
Both, however, were showing significant wear. The screen dis-·~

charge liners (Figure 36) were replaced after 160,000 tons.
The bottom liner (not visible) wore significantly faster than
the side liners. Figure 37 shows the conical crusher feed
hopper liner after processing 380,000 tons. As can be seen,
the upper two-thirds of the liners show little wear. The bottom
one-third, however, has worn down to the steel reinforcing wire.

The bottom screen deck cloth, shown in Figure 38, needed
~< replacing at 212,000 tons. The life of the bottom deck was

approximately the same as the life of wire cloth.

?.:ccc~e~
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FIGURE 35. - Plant A - screen feedbox liner.
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FIGURE 37. - Plant A - conical hopper liner.

FIGURE 38. - Plant A - second screen deck cloth
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4.1.5 - Plant A ~ Summary

During the period 27 April to 23 June, the following retro­
fit noise control treatments were installed:

• Resilient top screen deck

• Resilient impact pad in the screen feed ch:ute

• Resilient conical liner in the crusher feed hopper

• Resilient screen feedbox liner

• Resilient screen discharge lip lin,ers

• Resilient bottom screen deck.

All installed materials were steel reinforced urethane fabricated ~
by\purex Products" InC?1.~, '-
-~ ,

Maximum noise reductions of 5 to 6 dBA were measured beside
the screen feed and discharge. Little, if any, reduction was
measured at ground level cleanup areas. Premature material wear
coupled with plant changes between the design and installation
phases of the program prevented a progressive retrofit treatment
at this plant. As a result, the full potential of the installed
treatments could not be iassesse6~~

'The premature 'f'ailure of their materials in this program ha~

caused Durex Products, Inc. to reevaluate the use of urethanes in - I
coars~- -ma-ter,ial: handling_ Gir,cuJ.ots. They have concluded that the ,I
best pe-r{ormance -from 'urefh-~ries' is obtained when used in circuits 1

processing minus 1-1/2 in. material and their use \with +1-1/21 c ~
in. material should"not be'r-ec'ommended." Durexnow-=-reconunends I:: I
screen cloth made of rubber laminated to steel plate. New cloth
has been furnished to Plant A for replacement of the Itop deck; how-:\
ever, no performance data was available for inclusion~rt.

4.2 Portable Plant B ~ )r~is~~C6ntrol'~Tre-~-imeint Effectiveness
i

- I

- I

The retrofit treatment installation at Portable Plant B wa':s --,-
1

initiated on 24 March 1981. Prior to the installation, new base- -I

line noise levels were monitored at specified locations as repQrted(:
and shown in Figur~, 39. The measur~~ent locations included four ,_
locations to represent typical cleanup areas (3 to· 6' in Figure~'39)'i
'and three locations next to the major noise sources (l, 2, and~~7 :<;;
:Cn "p'i"gure -, 39). 'Ail me a surerrle'n1:.s 'during 'f6ifowup vls'its "fa "P1"an':t B
were mad~ at the specified locations. ~" -~t

- ~~.--"-',:::- .- - ..~' ~~.~.-:-- :~-_ - _:- c~',_~; ::C:_ ..'~2 ':.. ~'~::' __ s ; ::~. ~, ... ::' -. ;-1'-- '. : :t
. ---Tab1e- 25 pre~s-en'ts--a---c'hronologyo-f' the' 'retro'fit-inst-a-llatiC?n,

and modifications and the schedule of followup visits between the

~=-::-:::"'"r-~~.::""-
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~eiiod'D.f24~Marchand· 2~ October ,1982. Circuit conditions are
briefly d'escribed as well as a summary of the observed deteriora~

tion of the installed treatment,S.
'. .~' .-

r

--,-----------------------~-F_
During the initial treatment installation on 26 March 1981,

the following materials were installed:

a. Resilient screen feedbox linings

b. Resilient top deck

. c. Resilient screen lip

" d. Resilient liner in the crusher feed hopper
, ( e. Resilient crusher feed plate

.. - f. Resilient screen wing liners ~.

"

,~, --

r- ._,.

c< •

Noise measurements performed on 26 March 1981 showed a 9 dBA re­
duction at measurement location 1, which is 2 ft from the side
plate of the secondary screen and 5 ft from the screen discharge

'llip~ A 3 dBA reduction was observed at measurement location 5,
Iwhich is at ground level near the screen. Little or no improve­
!
!ment was recorded at the other'ldcations ..
I

!
I Figure 40 shows the octave band levels monitored at location
1 on 24 March (baseline), and on 26 March (screen modifications) .
As can be seen in Figure 40, significant reductions occurred in
the 250 to 4000 Hz Dctave bands.

Refer to Appendix C for octave band and A-weighted sound
levels that were monitored at the remaining locations on 24 March
(baseline) and 26 March 1981, after the initial treatment.

4.2.2 Modification 2

I
[. ~
:.. ::.,

I _

!.

/ .. t::

'. I""

- .

-' .'-

_-" '1..'

1, ~

On 9 April 1981, the crusher floating feed cone resilient- r-
l~ners.were installed. Between 26 Mar~h and 9 April, th~ screen r~

w!..ng_I~~JJLh~d become loose due to fallure of the mountlng stud_e..-J. r,'

Th"e~ w,ing~'-lirier s were .then bolted iIi" place. Addition of the feed I!---'~

bone liners resulted in a 7 dBA reduction at the position 2 near ~~,

the crusher feed. A four to five dBA reduction was measured at ~_

the op~racto-r:'s position$ (measurement locations 3 through 7). .;;,,:
Figure 41 shows the octave band noise levels monitored at posi- 33:
tion 2. As can be seen, the.-addi.tion .. o,f -the crus-he-r feed cone _
~iners significantly reduced the sound pressure levels in the ~~

! 1000 to, 4Q90 Hz octave bands. Similar reductions are evidenced";,; )2.:
at ~easus;ment loca~ion. 5 as shown. i~--.E'..i.~J1:lr~~_2_.~Data~?~r _l~=J '?:::
catlon 3 are shown ln Flgure 43.. ~

,- ") f,/RO
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4.2.3 Modification 3

Between 9 April and 21 July 1981, two of the seven segments
lining the crusher floating'feed cone had broken loose and passed
through the crusher. The decision was made to enclose the
crusher shell while waiting for the. repi'acemEm.t. s.egments. Noise
measurements performed after the TClir""ta:{i11iristallation were the
same as those measured on 9 April with the newly-installed
crusher feed cone liners. The curtain appears to be as effec­
tive as the feed cone liner segments. The effectiveness of

r-;:;' /'these treatments on reducing levels at typical operating posi tions /;,~-'

is shown in Figure ~3T for measurement position iT~ Observation :of.-',/·
other installed materials indicated that the sc--reen feedbox liner '
and blind screen panel were showing slight wear patterns as was
the screen discharge lip. The only other .observed wear was a
rounding of the edges of the screen openings.

4.2.4 Followup Visits

Additional followup visits to Plant B were conducted on
26 August and 21 October 1981. By 21 October, the quarry had
processed 198,000 tons during the 28 weeks since the retrofit
program had started.

"
. , '. '~

A closeup of the screen discharge is shown in Figure 47.
Little, if any, wear is evidenced on the screen wing liners,
bumper strip, side liner, or crusher feed chute liner. Dishing

lof the screen discharge lip liner is evidenced; however, it was
'I' tel t that the'-riner had not and would not desrade to the point '::..:)
6f replacement in the near future. I(-L- - --- ---"-- -_.

By 2} :October, the original resilient crusher feed plate,
supplied undersized by Trelleborg, had been replaced. The worn­
out feed plate is. sh~wn in FJ'lur~ 4.8. As can be seen, the

.,_"=_,~.,-,',-:~ __ __ .;~-:'- <._._ .. .- .... '_ .~~-'. :'=-:',C,= :,L-:-:- ,.:)~_'-=, .._c.~2~

Noise measurements performed on 21 October indicated little
degradation of material performance at plant operating locations
~me-asurement-c-'locations 3 -to'--7) ~-~Totai-nois·e-reduEtlonransed .... !
11rom 3 to 7 dBA at the 5 locations. ~;;I: ,

• , , - ,I

, By 21 October, most of the resilient materials were still-·..< ""it·'
.L~1:lOw.tng _.rpinoLwear. Figure 44 shows the resilient top screen. L· \.
1 deck, ·w"ing liners, and the crusher feed chute liner as viewed f, r •

from the screen feed chute. A closeup o£ the feed end of the
screen (Figure 45) shows some wear on the screen deck around the
screen openings and the countersunk bolt holes. An additional
closeup of the screen cloth is shown in Figure 46.
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-t-.---
ifnob-l-em-w-±t-h-t-he--or-iginal plate 'was' ca'u's'ed"'pTImaTftyby --faii.u:re"6f ,

f '
I .'the material between the bolt holes and the outside diameter 0

the plate. The replacement plate~ (shown in Figure 49) was ma~u- ,
tt'6b'i~1.d 3 in. in diameter larger: :By the fin~l:::~2:~lowup visit_~

-Ltne new p~-a~e-nad-6nly been in serVlce for 4 weeks.
I -. ------~

------,--------=-=--------:----------:=----=--------:::--=-------:-------:=-=--~------:--:-------:----.!'-

~he curtain installed around the crusher shell is shown in I

j.Figure 50. During ,the final vis.it, little, if any deterioration[
'~~he curtain could be o~$~Jved after 3 months of operation~ j

I - , ~
i .J,. 4.2.5 Summary

During the period of 24 March to 21 July 1981, the following
retrofit noise control treatments were installed:

a. Resilient screen feedbox liner

b. Resilient top screen deck

c. Resilient screen wing liners

d. Resilient screen discharge lip

e. Resilient liner in the crusher feed chute

f. Resilient crusher feed plate

g. Resilient crusher feed cone liners

h. Curtain around the crusher shell.

All materials were supplied by Trelleborg. Noise reductions
of 3 to 7 dBA were achieved at five selected operating locations

I around the b_Cl.~~_of the_pJ:.ant. These reductions~hay_e resulted. in ,.
T'an -iveragedoubling of the allowable exposure time. for plant 1_ ,'",

\ :operating person~__--,-------------- "

By the end of the monitoring phase of this program, the
materials were showing little wear after processing 198,000 tons.
While the total life of the materials is hard to predict, the
vendor has guaranteed the life of the screen cloth for 1,500,000
tons.

4.3 Plant B - Primary Crusher Control Booth

The control booth for the primary crusher operator at Plant
B- was' instal:led on 25· November 1980. Noise measurements performed, ~

after the installation indicated that noise levels inside the

. .' --::. '- -.- .::.
, ',- ~~

-~ -- --- --- ...: "::: "'.~
- --- '~{

---'-------
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FIGURE 49. - Plant B - crusher feed area.
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booth were less _than 80 dBA. Noise·levels measured on the catwalk
over the crusher were 97 dBA. Octave. band analyses for the two
measurement locations are shown in T~bler2~. l

A view of the booth interior showing the primary crusher
operator during normal plant operation is shown in Figure 51.
From the position shown, the operator has an unobstructed view
of the crusher feed and other plant components.

Performance of the booth was monitored during each of the
followup visits to Plant B. During this period, program team
members monitored noi se ievers~and the ':work,pfactices of the
operator. By 21 Octobe:ET981"7 the las.t~visit, nois-e~\
levels inside the booth were still less than.,80 ¢i.B-A and no'
deterioration in the physical condition of the booth had occurred.

4.4 Plant A and Plant B Treatment Costs

Table (2f~presents the noise control treatment costs for PJ;ants
A and B. Costs include actual capital costs in 1981 dollars and
actual installation costs in manhours expended for the retrofits.

Capital items totalled $17,085 and $14,000 for Plants A and
B, respectively. Plant A items took 69 manhours to install,
and Plant B, items took 66 manhours to install.

The primary crusher control booth at Plant B cost $4919
delivered, and it required 40 manhours to install.

;, i:

Plant A resilient screen panels cost $0.03 per ton processed
:~as compared to a normal cost of $0.0046/ton for the steel plate
tjJ:!ley repla~ed. Plant B r~lient screen panels are still i_~__L
I ,service with a guaranteed life of 1,500,000 processed tons or '
\~bbut~32~imes the life~o£ steel plate. If the guaranteed life
\:is reached, the cost will be $0.0049/ton processed, which will
libe competitive with steel plate and at lower noise levels .

._=,.lI.~---- ,

I

,--

Treatment costs were held to about 5 to 7 percent of the
estimated cost of a new 200 to 300 tons/hr portable plant, or
about $13,000 to $18,000. It has been Foster-Miller's experi-
ence that reasonably maintained portable operations invest approx-. '
imately that amount annually in the items addressed by this pro- '
gram pZus wear materiaZs. Often these costs are hidden by .-
spontaneous makeshift repairs, or new replacement parts'(f'or .

"example, new floating feed cone assembly, new feed plate, etc.)
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FIGURE. 51. - Plant B - primary crusher control booth.

_~_~__ .~ \2. ...... ...... "-"', '\

!but the costs are there nonetheless. If these items are equally , ~

!cost-eff~cti~e_~ith their AR materi~l counte~parts and alsojatten- [
J uate the-ambient noise levels, then thegoals·()X.the program have \

'. Ti indeed~ ·_be,en'~met_.:~· ·_Th~. p:~':r;::form_<irl'c~e ::,i""e..-lfsUS cost~-of~f~ rubber ele-· ~. \,
Iments designed for the retrofit portion of this program has led \
!Foster-Miller to the conclusion that there are reasonable economics
'in retT,ofit. ,no.i.se, _.treatment,.for_ portable plants. '":

.-....... :_~_..... -' ~).-;I.,l_"'; ;:-,.'_....J::.., .• r..;::;-, _

- -
"

New portable plant cost-tradeoifs are possible. The substi- .;
tution of resilient materra-rs-for-t·he'·currently-used- AR metals by ..
the OEM might have a minimal first-cost impact but will poten­
tially improve the plant maintainability. When a new plant is:
being manufactured, resilient materials can be incorporated in~.

normally hard-to-reach COI'[lPPn.e)"Lt __Qr~ _chg.ssi.s :.aJ;.eas. Addi tionalty, ..
material transfer points_·o(t.e.rl~c.arf;J;te..~a:.'d9F~9~S:~;q. by standard design .--

I practices without increa-sing--cost's' .t'6the ~clfstomer. The basis~~for:.?
II,this type of cost-effective noise treatment program has been estab-
-lished with this research. _'.. ,.

c"-
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Future Research Recommendations5.2

The mining conununi ty is cost·, and production- sensitive. Mo::re /-.-:;
?bjective research is necessary to provide credibility for the 0
use of resilient materials as a reasonable substitute for AR ~

~etals and woven wire cloth. This program addressed secondary;
brushing/screening plants which were essentially scalping a
~ry, coarse product prior to secondary crushing.
!i 5.2.1 Screening Efficiency )",

1- _NO,r~,lly"!se<?0!l:c1ar:y ..plan:t7s. a~e.Jl().~ .,p~9.d~~c..t;.i.Ql}::sE::ns.i_ti_\[.e.._~mc. 3 2.~
~he use of resilient screen decks with coarseiopenings usually d~~-='­

not affect the circuit. However, tertiary and quarternary stages ':),
~an be dramatically affected by using resilient cloth. The inhereni
1
i

!

7

27

28

35

36

20

29

21

23

15

22

24

25

26

30

31

32

33

34

10

11

Treatment techniques employed the use of advertised com­
mercially available resilient .wea'r-'mater'ials' 'that 'c-c:)uld be ap­
plied practically by both the smallest and largest operations.~~

Treatment costs for the portable plants were kept to about 5 t~

7 percent of the purchase price of a new 200 to 300 ton/hr plari~~
Reasonably maintained plants·_i-nves·t-·:th:i.s~amo~u:n,.t annually to
keep the material handling .~Ddtran~fer.-pciin:t:sC;in good shape. '0­

12 Care was taken not to adversely affect the performance of the c::
comminution circuit or the equipment utilized in the circuit.
The achieved wear performance and noise reduction versus the r;;

bost of the rubber products utilized during this program have
-led Foster-Mi ller to·-conclude that -ret.-FG-f-i-t--:t=l·0-i-se modif ica tions:
ban be economically applied to portable plants. "
1 _ _ _ _ _ _" _ ., •..__ . ,. ." . . , .•.. _". ,.' , ~ "<_, ,. _. .. . .•.. ti'l

~u

Itis also reasonable to assume that new portable plants ;-.1,

can inco:r::porate this technology into their manufacturing proces8.'
18 ~~!:d. addr~~_gL~~~di~~Jonat~noise's:~_urces~~;;~~~~ret,~()~]J':prb:gr~I\I,_cal1.~; :

only address field-accessible areas, but new plants can be de-~·

kigned and fabricated to incorporate resilient materials for .
~mproved wear and noise control. New plant cost-tradeoffs are~~
possible when wear-resistant resilient materials are substitut~p

for AR metals. The justification for incorporating cost- I~

~ffective noise treatments in portable plants, without sub-'
~tantially affec€ing productivity in the secondary circuit, ha~
been established with this program.
I
I

i,

14

17

15

IS

13

ProofeJ::-



2

3

6

7

8

it p~n;blem:'::irivofving the use of' -resilient cloth in these stages is
the reduction in the screen deck,'s percentage of open area.
Using existing screen dizing ~nology when trying to utilize
resili"en':t,"~c:}.;o:.th,'as the ' s-creening, media suggests to the industry
that a larger screen is necessary to process the same amount of
material effectively. The scre~ning__ef_fi_ciency of. substitute
resilient cloth versus wire cloth should be explored further
before a recommendation is made that resilient cloth is a viable
noise control technique, especially'in tertiary'and quarternari
plants.Ie

11

12
13 The wear properties of resilient materials have '. only been , ,_~

touched on in: this" program. This report has presented both the'": , ... .,c

14 r~uccess and failure of different mat.eria,ls used in the process.D19 fY'l:"··
15 Lof a hard, dry, coarse granite. A wet- screening operation proc- r~."".=:· ~~-c

ressing~lTmestone<:>r-sand and gravel could produce different, I. r

161' resuTts.". r·t·is necessary· to· perform eiEher--:an' aDJective-;' "stat'i~g- ,u v

~7 tically-representative sampling of the industry covering the' ,-
actual u?e _()~ :re~ilient, ma:tC?r iars -or" a,.. contr911~(j._la,!?oJ;~ tory , . ,.

1S _:N.~9-E._!"!!~t~i.ia.J.S: t:~st program·'in.. oi;der' to coriflrm~tfie wear prop.erties-~,
I S of both urethane and rubber products. r· ,

5.2.3 New Portable Crushing and Screening Plants

--- ,,,,=,-""'0 j

-- "--'- - J
1-1 ,- ,

G
~ The techniques employed in this program are directly ap- c-'
plicable to new portable plants. They can be incorporated and i·)

improved upon when .they are included during the design and 2
~abrication of a new plant before it goes into service. Foster~
Miller feels confident that rubber products can be utilized in
~he design of a new secondary portable cone crushet plant to ~,

coritrol the noise at both the sources addressed by this' program~
~nd at .Q!:her r:ormally ina~ce?sible locations.. Based on the '\ ~
results of th1S program, 1t 1S reasonable to expect that the \ ~

:techniques which have been demonstrated in this retrofit pro- .?
~ram would result in both lower noise levels and reduced main- ~

tenance when applied to the design of a new plant.
~
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APPENDIX A

I'

DOSIMETER TEST RESULTS

. '

Worker Percent of allowable exposure

Plant Foreman , 40.81*
--

Cleanup Man 48* :;-

*Extrapolated from a 3-1/2 hr survey.

The results o~the dosimeter tests__ are_Rresented in Tables
A-I through A-7.

I
I TABLE A-I. -,Dosimeter results - plant A
I

TABLE A~2. - Dosimeter results - plant B
I

..... -

Worker Percent of allowable exposure

Foreman 80* -
.-

Primary Crusher Operator 325*
,
I

*Extrapolated from a 3-hr survey. .,
--

TABLE A-3. - Dosimeter results - plant C

Worker

.'I Percent of allowable exposure

Primary Operator _ 26*

Secondary Screen ,Operator 312*
, ',

*Extrapo1a,t.ed:- from 3-hr ",su:v:='Yo'.. " J __ c~ :: '. '...J __ .:

....--------...,...-------......._--...,...---............."'=..-,.....--------------~
~-,

-------e-.--.".-----
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TABLE A'="4. ~ 'Dosimeter" resul ts plant D
, .

- . - .. ..
Worker·

- . Percent of allowable exposure- ... - , ...

Quality Control andClean:up, .---- ---- 1.33.*

Laborer 163*

*Extrapolated from 3-hr survey.. .-
"

-,

-

TABLE A-5. - Dosimeter results - plant E

Worker Percent of allowable exposure

Plant Operator 51*. ' - . , 1..., _

-
Cleanup Man (also drives haulage 251*
trucks)

*Extrapolated from 6-hr survey.

TABLE A-6. - Results of dosimeter survey - plant F

I
Worker Pel:cent of allowable exposure

Cleanup Man - Primary Crusher 412*

General Cleanup Man 399*

*Extrapolated from 3.3-hr survey.

-':. -
--\' -= - ,~-
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1 t I
I \! •

\ r i

I
I i

-

I - TABLE A-7. - DOsimet-er - survey results - plant H
! !
\

I - Worker- of allowableI - - - :. Percent exposure
;

I 1

j Plant Operator .- t-·· .. - --- --- - 188*
i

i Plant Supe,rvisor 21*
I '.
1 :

I ,

1
'J

*Extrapolated from 3.3 and! 4.2':"hr- surveys, respectively.
iJ"! ,

I ii .-

I I
" !-

III
i

" ~.

- .
- ~•.-J':;' .-

, ,... ~, - .
. ,';; - - -: ... -- ,~,,:,
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APPENDIX B

PLANTS A THROUGH H: A-WEIGHTED NOISE. LEVELS (dBA)

The results of the A-weighted noise levelsur-veys for
plants A through H are presented in Tables B-1 through B-8.

~-wei:ghted nolse-levels-- plant A

I

TABLE B-l.

,

Measurement Level
location I (dBA) Corrunents -

l. Outside main operator's booth 92

2. Inside operator's booth .. 73
"

3. Secondary module

a. On the ground at secondary 96
screen conveyor discharge

b. On the ground at the 98 -
secondary crusher con- '.
veyor discharge

c. On catwalk next to 112 , Workers, did' not_.spend.
secondary screen time here while the -

d. On catwalk next to 111 plant was operating
secondary crusher

4. Tertiary module .--

a. On ground at tertiary 95
screen discharge --

b. Same as a. but without 92
.. feed

c. On catwalk next to 109 Workers did not spend
tertiary crusher time here while the

d. On catwalk next to 109 plant was operating
tertiary screen

, ,.." :
j '.::1 __ .-

I
.1

r" ~\



'°1

'. ir
>:-

TABLE B-2.

Measurement
loca.tion

1. Jaw crusher

c.., -,.- -

A~~eighted noi~e-le~~l~

Level
(dBA)

plant B

Comments

155

.__.{

-'- ..;

;"

a. On catwalk over jaw crusher
feed , , - --_. 101 ,----- .- -- ,--

b. Inside jaw crusher operator
booth 85

2. Secondary module

- '7

? ::

a.

b.

c.

d.

At tail pulley of secondary
crusher discharge conveyor
At hydraulic adjustment
panel for secondary crusher
On catwalk beside secondary
screen
Over secondary crusher

96

94

113
108

Normal cleanup area

Workers did' not spend
time here while plant
was operating

.: .'

3. Tertiary module

a.

b.

c.

d.

On ground at tertiary
crusher discharge
At hydraulic adjustment
panel for tertiary crusher
On catwalk beside tertiary
screen
Over tertiary crusher

101

96

106
108

Normal cleanup area

Workers did not spend
time here while plant
was operating

," ~ ..

~

/-

"J. ~"'. '-'

4. Main operating booth

a. Outside
b. Inside

94
71

<!'" .'

('.,. ,~

'" ,. - ,- -. -'-~
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TABLE B-3. - A-weighted noise' levels - plant C
I

'. l-
"

I
i

I

r

~

-, i_,,-, '...I

~.~ ,C:

7'

{.

- 1:,
~

-: r
.l....:!

23

Measurement
location

1. Jaw crusher

a. Over jaw crusher
b. Next to jaw crusher

discharge
~_ c. Inside operator's booth

2. Secondary screen tower

a. Between two- screens
b. Beside one screen
c. Inside secondary screen

control booth

3. Tertiary crushers

a. Over tertiary crushers
b. At second stage screen

discharge chute

4. Tertiary screen tower ­
on catwalk

5. Fourth stage crusher discharge
chute

6. Outside main control building

Level
(dBA)

108

100
83

106'
106

95

101

102

101

92

87

Comments

Screen operator spends
entire shift on this
tower

,

-- -:

l

I :j

..

'-
I

,
,

~ -
i

i
~

I .' '0

I

.- ..

I
r'!.~

I
I: _~~

I
"2{

I
I

.:, :;

i
!~. 'JI

27

28

2S

3 _·
'J

33

35

'- .-'-__.--........................--'-.-..-. -,-._--.-,. -.-l.~_-..-.------..L,---._.-._.-..------.-_-----~-. ...I.~ , -,;.!

J ~:

3S JS

v V• ",_--.,.__ ........ __ a ,

-----'---



;..

-157

-,
I

2"."

3S

r--~'-.~.-,;::.,'~-;-'--~.:.- - - ' .- ~ ~~ ""'i

- ---- ---- .----- --._- -- _.
~

ItTABLE B- 4. - A-weighted noise levels - plant D
i

I
-- Measurement Level '.-

';
location (dBA) Comments ,

!

l. Jaw crusher
-- . -

a. On catwalk over primary
crusher l05 .. -

b. Inside primary crusher
operating booth 80 -

2. Secondary crushing plant --

a. At feed to secondary .- ,

crusher 115 I
b. On catwalk next to I

secondary 108 - Iscreen
c. Between secondary and .~

tertiary plants 91 -

3. Tertiary plants (crushing
and screening are separate)

.- -- ..
a. At tertiary crusher feed 103
b. On catwalk, tertiary screen

tower 107
c. At rock box and discharge

chute tertiary
,

at base of ..

screen 102 i
- - .- . --- - . - - ----.- --- -- . -- ------ I

~_'.. .

~.'

, ,'-

­
..L ~

_J

':':. I

- 1-' ~'_ ., .•C' .... , _

...... - ~--_ ......_- .-- __ ~..- -<o , -~ ..,. "_ .. _~ ___.. • __•• -_,r-.-.-- ~ ",_. __ ....... • • _"'_~_ ..... , __ ...... ..
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~> ~\-_~~~, ~~'S~'_, ~,~~ .~...::: ._-.::.__ _ .-.

,: TABLE B-5. A-weighted nOis-e levels-=' plant E

::

-, ~

-, c-

IS

27

33

35

Measurement Level
location (dBA) Comments

l. Primary crusher - -

a. Over primary crusher feed 95
b. Inside primary crusher - -- --------

control booth 71
:

2. Secondary module

At base of crushing arid
, -a. - - - - --

screening:module 99
b. On operator's platform 110 I

c. At bin adjacent to operator 103 :

d. Platform at secondary
screen 113

3. Tertiary crushing module -

a. On operator's platform 104
I b. Base of crusher module 91
!
i

Platform tertiary
I

4. near screen,
on tower 110

5. Blending bins

a. Near bin coarse blending , Survey of these bins
area 100 was requested by the

b. Near bin :t;ine blending plant operator
area 90

c. Inside bin operator booth -
door open 88

d. Inside bin operator booth -
door closed 75 ,

"_ ,--- _. _. - - - - ._-- '. - - -- '- ----

=:' ')

73

----_._- --._-- --_. - ~---.----_._------, -

"") r Inn

3:
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TABLE B-6. - A-weighted noise levels - plant F ---
I

I

Measurement Level
location - -- (dEA) Comments

l. Primary crushers (2)
-

a. Outside primary crusher -
_.

operator's booth . - -- -- 98 _ .----' ---- --------

b. Inside primary crusher
operator's booth 72 . -

c. Outside electricians
shelter, near primary
crusher 94 -- - . ,

- - --
-

2. Tertiary cone crushers

a. At base of 4-1/4 ft
secondary crusher 104

b. Catwalk between the .. --

4-1/4 ft and the 4-ft
crushers 100

3. Secondary impact crusher =

a. Next to crusher 104
b. Clean up area at base

of crusher 100

4. Williams impact crusher

a. At base of Williams --

Impactor 87
b. Operator platform 94 I

5. - Main screen tower

1

1

-

-

a. Near A.C. 6 ft x 16 ft
I

110screen
b. At transfer chute 106 --

6. Tertiary screen (8 ft x 20 ft II

Tyler)

a. Catwalk next to screen 100
I b. Base of screen. 95-
J :j

.. - - _... - - - ~-- - .--

-,

.-
. '- \.:

,.,,:",--

-r
(~ ,Of

? Fi!R()
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''-1.

A-weighted noise levers - plant G \
I

.

Measurement Level
location (dBA) Comments

l. Primary crusher

a. Operator's stand 102
b. Cleanup area under

primary crusher 99
c. At transfer conveyor 92

2. Secondary module

a. On catwalk next to
secondary screen 109

b. Under crusher platform 106
c. Under screen deck and

secondary crusher 103 --

3. 50 ft from both primary and
secondary I 90 II

~ .. .-

- ,-

:./

.._...)

, ­.. ~

rc:

i-I

-,

",-:

A-wightednoise levelsliTABLE B- 8 ~
\ ~ ..

Measurement Level -
location (dBA) Comments

I
l. Primary crusher

On catwalk next to primarya.
crusher 100

b. Transfer chute: secondary
crusher discharge to primary
discharge conveyor 91

2. Secondary crushing plant

a. Operator's area above screen 101
b. Inside operator's booth 93
c. At secondary crusher 110 No one spends time here
d. Under secondary crushing

plant near cleanup area 92

3. Wash tower screen

a. At screen tower 101
b. Under wash tower in

cleanup area 92

4. Center of plant 40 ft from each

j module 90
I

35

33

25

2S

2S

?r-OCIer



161

PLANT A AND PLANT B

Sound Pressure Levels' Before and After Treatment

and

A-Weighted Sound Levels Before .Treatment
andB~st Improvement . -

. _: I -~ - , ,•. '

--1.-_.,;' - dU_.. (/

I Figures C-l' through C-14present information for Plant A.I C~
1 Figures C-15 through C-24 present information for Plant B. (-+----- .~----_.- -._-- -_._- ---- ----- -.
I

.~ ~-'

"': ....... ~
-. ...:;.
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CONCRETE PAD
t

SCREEN

1
3 ft

'" CONVEYOR BELT

POSITIONS 1, 2, 3, 4= GROUND LEVEL

ONCRETE

POSITIQN 5

POSITIONS 6, 7

= AT CRUSHER LEVEL ADJACENT
TO THE FEED HOPPER

= TOP SCREEN DECK LEVEL

-:PIGURE :-C':'l.":'-'P lant-A :",:measureme:hb.. locati6ns';,
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110 PLANT A - LOCATION 2
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110 PLANT A - LOCATION 4
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