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The views and conclusions contained in this document
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necessarily representing the official policies or :
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EXECUTIVE SUMMARY

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

Mandaﬁory. (a) No employee sghall be permitted an
exposure to noise in excess of that specified in the table

below.
PERMISSIBLE NOISE EXPOSURES
) Sound level

Duration per day, "dBA, slow
hours of exposure response
3 St ie i et et e e ceses 20
Buernn et et aenee e eesrae st ceens 92

A it i Ce e St et araa e 95
e 97
T2t ettt et e et 100

Ld ittt it i i e et asnencasasaaanannannanenes 102

1t i i . . G seeaes Ve e 105
2 e 110

d Or 1E88 ...ttt e teaaeeea 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

(C1/T1) + (C2/T2) + ... (Cn/Tn)

exceeds unity, then the mixed exposure shall be considered
to exceed the permissible exposure. C, indicates the total
time of exposure at a specified noise level, and T, indi-

cates the total time of exposure permitted at that level.
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Interpoiafion between tabulated values may be determined
by the following formula:

Log T = 6.322 - 0.0602 5L

Where T 1is the time in hours and SL 1is the sound level
in dBA.

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

Enforcement ¢f the standards has shown an acute problem

in the sand and gravel and crushed stogeiigdustrieSuﬂ
-

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-1
summarizes eguipment 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 the wallstand )
.bottom of the steel chute. Some plant operators have.
tinstalled "dead beds" in these chutes which retain a
layer of material at the impact point to absorb the

force of ‘the moving material impact: and to minimize wear.y

I
b. Screen feeabom - Typically, the material discharging

from the screen feed chute 1mpacts 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.

1

+
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‘d.. Sereen discharge - Typically, the oversize material
from the top screen deck drops to a steel plate over
the crusher or directly from the screen onto a steel

- discharge lip.

e. Crusher feed hopper or chute - The feed to the crusher
impacts a cylindrical/conical collection heopper that
directs the feed into the crushing cavity. Often
the feed to the crusher is sparse 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 ncise. _

f. Crusher feed plate - Typlcally,wcone crushe£§4§£§ij

supplied with an abrasion- re51stant metal feed plate.

Material dropping into the crusher’ strikes the feed

plate - particularly if the crusher is not choke-fed.

N

g. Crusher feed cone - Typically, the feed cone is) llned J
with manganese steel plate for wear. The material fed
to the crusher strikes the feed cone.

h. Crusher main frame - The shell surroundlng 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.

i. Crusher discharge -|The material discharged from the |
crushexr is typically transferred via another steel
chute to a belt conveyor which transports it to the

next commlnutlon stage 5EEE64EAétockp11e |

Foster-Miller Associates, Inc., under USBM Contract No.
J0100038, has designed, installed, and evaluated retrofit noise
centrol technlques in three selected crushing and screening
plants.

e
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woArLny s ESL1..cPlant BY:iPrimary. Jaw Crusher
The primary crushing plant at Plant B was fed run-of-mine
(ROM) rmaterial -from the -quarry. Quarry trucks and/or front end
loaders dump material into the feed hopper. The ROM material is
‘then chute conveyed and Slzed by a Cedar Rapids 16 ft x 42 in.

Vibrating Feeder Grlzzly ‘THe oversized matérial from the grizzly”

'is fed to a Cedari_gplds* Model 3242 Jaw Crusher. The dlSCharge E

from the crusher.and 'the throughs fromithe feeder grizzly are «
conveyor-belt- transferred to a stockpile. The primary crusher.is

operated by one man from-a stationary. locatlog. Previous attempts. .

to reduce the operator's. exposure by. constructlng a control booth
had limited effect. Thé original booth had been mounted on the
primary crusher frame and was not equipped with air condltlonlng
As a result, particularly during hot weather, the operator norm-
ally observed plant operations from the catwalk above the crusher
feed. e e e e e o e ;

. ...The retrofit treatment from this plant was._.a .new operators
control booth. The booth was manufactured by Design Space Inter-
national accordlng to FMA spe01f1catlons. The booth was
installed dn 25 Novembar--1980 by quarry personnel (Figure ES- 1).
Theé booth was mounted on a steel support structure, erected by.
‘the quarry. The door from the booth opened! ontolthe crusher cat-
walk to provide easy access for the operator. Noise levels h‘
measured after installation showed 97 dBA on the crusher catwalk
and less than 80 dBA inside the booth. Adequate visibility an@
-adequate heating and air conditioning have .also been provided.-

A view of the booth interiocr showing the operator. during normal
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. -

Ay
L

ES.2 Plant B - Secondary Crushing and Screening Plant

Plant B (Figure ES-3) is an inclined screen/cone crusher,f
secondary portable plant. The coarse feed to the plant, -10 in.,
is conveyor belt fed to a steel screen feed chute and feedbeox,
accelerated over a 20 deg, 5 % 14 ft Nordberg inclined double-
deck screen, discharged into a steel crusher feedbox, crushed in.
-a Model 5100 Standard Symons Cone Crusher, and finally discharged

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

s - . e .
I onh N et = T R i ot . s TS T e
HIgurs Lo varcl.Ca. BULL Page Lo |

i
)
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FIGURE ES-1

- New primary crusher operator‘control booth

-

being installed. T ——
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from the.plant”on a-trangsfer-belt.=-This plant is not production- -

sensitive in that the screen is not overloaded and it is used
primarily for separating rather than sizing.
takes-place within the first.-one-third of the screen and both the
top and bottom deck throughs are closed on the crusher feed. The
crusher is not overloaded

Loy

. The following retrofit noise control treatments were in-
" stalled at Plant B:

screen. feedbox.liner - - . =

a. Resilient =

b. Resilient scréénhtopideckD':“ ESIITC I
_: c. Resilient screen wing liﬁers &
:: d. Resilient screen dischar@e lip ;
“é e. Resilient..crusher feed hopper liner é
é t. Resilient crusher feed plate B
. " g. Resilient crusher feed cone liners TR

h.E;JCnusher noisemcurtain;f srge Tiile (210 e =

s "y

; All 1nstalled re5111ent materlals were steel relnforced rubber*
-supplied by Trelleborg Rubber Company. . -__

AL All retrofit treatments,
crusher noise curtain, were installed on 26 March 1981. N01se\
radiating from the crusher shell, identified afiter the initial:

1  retrofit treatments were installed, was reduced by the addition

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
e levels to within those spec1f1ed by the standard.

'.\-i [

The performance of the installed materials was monitored =
% from 26 March to 21 October 1981. During this period, Plant B

~ had processed approximately 198,000 tons. The observed wear of |
the materials during this period has been minimal. Through

2. 21 October 1981, the screen feedbox liners and discharge lip are
<= showing some dlshlng at the primary material path (Figure ES-4).
The _screen cloth_.(Figure ES-=5)..has.rounded at..the_edges. of_.the
-2 material sizing holes.

Droofer Cvpist

- /8N

Effective Screening'

except the feed cone liners and the z

-, ©of the floating feed cone re3111ent linings and the noise curtaln.,

e

(B}
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-.resilijent screen deck after :

FIGURE.ES-5. - Plant B
- procéssing 198,000 ,tons.
o Sl Poy@ iLcxr@ (odu
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.and the material is not dccelerated over the Screen as much asg |
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The crusher feed hopper liner and screen wing liners have Ao

shown virtually no wear {Figure ES-6}. The resilient crusher
feed plate (Figure ES-7) did wear prematurely due to its being
manufactured undersized. It was later replaced with a new re-

silient feed plate (Figure ES-8)}.

Part of the crusher feed cone liner alsc failed prematurely
Two of the seven installed lining segments!/came loose and |
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). 7

The total costs of the installed materials at Plant B were
$l4 003. Installation regquired 66 hr of guarry labor.

L - : - — |
i .
|

ES.3 Plant A--_Secondary.-Crushing..and .Screening Plant o

G
.Plant.A .(Figure. ES-10) is. a horizontal _.screén/.cone. crusher“ EQ‘
5secondary portable plant. The coarse feed to the plant, -10 ini,“
‘15 conveyor belt fed to a, steel screen feed chute and feedbox.

The feed® to-this” plant"contalnS“more coarse“feed”thanEPlant B : ;

\

at Plant B. The screen is a 5 % 14 ft Cedar Rapids horizontal, EM%‘

i double-deck screen. In the original plant, the oversized mater- %::"

R

| bottom screen decks to the crusher. These modifications were

Iﬁiinstalled at Plant A:

? a. Resilient impact pads?on the wall and bottom of the ;M

| ial from the top deck discharged into a 4-1/4 ft Standard Symons

Cone Crusher. During the program, the plant operator changed 2
over to a Model 15008 Telsmith cone crusher. The plant was also @ -
modified to feed the oversized material from both the top and @t |
made between the design and installation phases of the program, . |
which resulted in extensive field modifications and remanufactu: i

'ing of the noise control retroflt treatments. —

The following retrofit noise control treatments were

Fagars

screen feed chute . }
b. ReSilient screen feedbox liner ,

c. Resilient screen top and bottom decks ;_
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vdfﬁl'Rééiliéntiscréenlﬁihé'liﬁers
e. Resilient screen discharge lip
fi-7""Reésilkient<crushei feed hopper liner.

.All installed materials. were_steel-wire-reinforced urethane
supplied by Durex Products, Inc.

The screen feed chute impact pads, crusher feed hopper
liner, and top screen deck were installed on 30 April 1981.
‘The screen discharge lip .{which reguired remanufacturlng
because of plant modifications) -theé> gereentside 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. ThlS modlflcatlon was performed on
23 June 1981. S N m—- T

-~ The -installed treatments at-Plant A showed-significant -

noise reductions near the primary sources. Slgnlflcant re-
ductions- at ground leyel. .cleanup -and. operatlon locatlons

however, were never achieved. . Premature Wear of 1nstalled .

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 cf 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-11

33

[l
V.

.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 had been replaced The crusher

T

R

feed hopper had worn 1 tc 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.

The material costs at Plant A totaled $17,085. Instal-

‘lation required 69 hr of quarry labor.

o
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FIGURE ES-11 - Plant A - |resilient

PLANT

SCREEN PANEL
TR FEED EAD

~190000 Tons

after processing. 191,000 tons.
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o ES.4~ Cdriclusidns

Treatment techniques employed the use of advertised commer-
cially avaidaple résilient- weay- materials that could be practic-
ally applied by the smallest and largest operators. Treatment
costs for the portable.plants.were kept-to--about-5-to 7 percent
of the purchase price of a new 200 to 300 tons/hr plant. Reason-
ably maintained plants invest this amount annually to repair
material handling equipment or transfer points. Care was taken
not to adversely affect the performance of the comminution Clrcult
or the equipment utilized? lnkthe~01rcult —~The wear performance,
and noise reduction versus icost -of “£hE’ rubber”products utilized:
during this program have led FMA to conclude that retrofit noise
treatment can be economically applied to portable plants. ¢

It is also reasonable to assume that new portable plants ¢an
incorporate this technology into their manufacturing process and
address additional scurces. A retrofit program only addressesfl -
field-accessible areas; but, new plants camn ‘be designed and: fabrl*"”
cated to incorporate resilient materials for improved wear and - )
noise centrol. :Cost tradepffs.for new. plants are. possible when
wear-resistant.resilient_materials. aré substituted.for. abrasion
resistant (AR) metals. The justification for incorporating cost-
effective noise treatments in portable plants, without substan—
tially affecting preductivity in the secondary circuit, has been
established with this program.
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“1. INTRODUCTTON

This -document is the Final Technical Report for USBM Con-
tract No. J0100038, "Demonstration of Noise Control Techniques
for the Crushing and Screening of Nonmmetallic¢ Minerals." 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 ;éébkground

The permissible noise exposurés‘of‘workers in the crushing
and screening of nonmetallic minerals is regulated under 30 CFR |
56.5~50. Under this regulation,. 90° dBA is the maximum sound
level to which an employee can be exposed for 8 hr on a given -
working day; for every 5 dBA increase in sound level above 90 d4dBA,
the permissible exposure period is halved. Under current regu-
lations, exposure to levels below 90 dBA does not contribute te
the worker's daily noise dose. Under an anticipated regulation,
the noise-level-versus-permissible-daily-exposure curve shown in
Figure 1 is extended (indicated in the figure by the dotted
portion of the curve) to include a leé-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 lnstance, typlcal noise levels for screens and
crushers range from 95 to/llS\dBA with average operator exposure
times as high as 6 to 8. hr. Portable 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 contrel noise in the crushing and screening of nonmetallic’
minerals, three problems must be solved:

a. The prevalent sources of crushing and screening noise
in both portable and stationary plants must be
identified.
b. Appropriate retrofit noise control treatments for -,

these sources must be designed.
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FIGURE 1. - Noise level versus permissible daily exposure. - .
o The noise control treatments must be field tested unaér j;
actual operating conditions to demonstrate both their . )
noise control effectiveness and their durability. § °
1.2 Objectives ?%

The broad objective of this program was to develop and demon—fr
'strate retrofit noise control technlques for the crushlng and '
'screening of nonmetallic mlnerals in portable processing plantg.

Specific contractual objectlves of the program included the
.folloW1ng

a. Identify the prevalent sources of c¢rushing and screen- _

ing noise in both portable and stationary plants. L

NPb.MﬁWDasign_agperniatemretrofitanise“cqntnql_tneatments,._
for those sources.

C. Field test noise control treatments under actual
operatlng conditions. -
FLgUYE .va. Wertocs. FTa.L Fagcs Titlls (81t Fzrea;
G-
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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 1II —'Retrofit'Tréatment'Design" s
3. Phase III - Field Demonstration.
’ PhéséﬁihéffdftmEhéIUded“péiforming a census of the nonmetal- jj e
| lic mlnlng industry to determine the number and types of equlpment e
J used in the crushing and screenirg of nonmetallic minerals, and fN ™~
then conducting visits to eight plants to make noise surveys. J
~w The purpcses of the visits were to: " ‘ﬁ
T r—— F L T - g
o a. Identlfy the operational and mechanical constralnts )
Jthat must be considered in designing and implementing /-
1 retrofit controls L /
; — —_——— - A —_—
!
b.  Assess the nature of the noise sourcesfso that appro—’
priate control technology could be selected
c. Determine worker noise ekposures that are represent- ;

ative of crushing and screening operations.

Phase I1I effort included the following:

a. Final site selections and cooperative agreements
b.  Preliminary design of retrofit noise controls -
c.. Follow-up plant visits

- d. Final desigﬁ.

- The final design consisted of engineering draWLngs, materizl
specifications and material and installation cost. @EEIEEEEEWfor
retroflttlng three selected plants.

Phase III was a field demonstration which included:

a. Purchasing, fabricating, and installing noise control
treatments :

b. - Field testing the installed treatments to determiner
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"The effectiveness of treatments for reducing noise

levels and thereby reduce worker exposure.

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

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

a. Identify the operational and mechanlcal/connggzﬁggithat /

must be considered in de51gn1ng and 1mplement1hg re-
trofit controls : :

{

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

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

This sectlon 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 Guarry survey included mailed questionnaires to 3000 plant .
managers from a total United States population of approximately
012,000 sand and gravel and crushed stone operations. A total
of 562 useable guestionnaires 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
. 152 plants (27 percent) - 200,000 to 500,000 tons
C. 74 plants (13.1 percent) - 500,000 to 1,000,000 tons
a. 53 nlants: (2.4 percent).> 1,000,000 tons. 7

o~ e g
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TﬁéEreéﬁltsﬂéffthé"sur&eYs were made avallable to FMA for
this program. FMA confirmed the data through:
.Discussions with equipment manufacturers and users at

an international equipment exposition

a.-

Telephone interviéﬁé with the plant maﬁé&érs for large
quarry eguipment users, and a number of randomly-
selected small operations .

Telephone 1nterV1ews w1th equlpment manufacturers
including: .. ,
. . Allis-Chalmers

Hewitt-Robins, Division of thton Industries

Iowa{Manufacturlng Co.

.  Nordberg, DlVlSlOH of Rexnord Incorporated,
L

Ul s W N

. Telsmith, DlVlSlQn of Barber-Greene.
Survey results are summarized in the following subsections.

2.1.1 Crusher Statistics

Table 1 presents Pit aﬁgmgyapry s tabulation of crushing
units by stages from their 1974 ' survey. The table illustrates-
that a jaw crusher is the most popular for first stage crushing

and[j@e cone crusher is the most popular for secondary, tertzary,
and quarternary ctages. Table 2 1ists 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

"" Tin a manner that allows the user to estimate the maximum dimen-

sions of the run-of-mine (ROM) material that he must gquarry 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 guarry to the
plant.
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TABLE“l# =-Crusher-population by crushing stages (1}
‘. “fotal v__m‘EICrushing Stages g
Crusher Jpopu;ﬁtlon (First Second Third Fourth
Jaw 9,758 8,499 1,103 156 -
Hammermill 2,586 401 1,337 670 178-
Impactoxr 2,069 1,289 . 546 195 39
Gyvratory % 3’985j: 1,359 1,765 821 40 -
Cone / 8,570 746 4,833 2,374 617
Roll-Single 485 75 225 189 -
Roll-Double 3,984 434 1,689 1,343 518
Roll-Triple‘ 419 .- - 251 ¢ 126 42
*LRE]:l Quad | 140 - 35 105 -
Cage Mill-single 252 72 180 - -
T Cage Mill-Muolti 140 ~ - 93, 47

The cone crusher size is a designation of the diameter of

the gyrating head.

and tertiary crushing stages.

Its utility is best served in the secondary
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

pertable.

These numbers, however,lmay be misleading.

Respondents

to the survey may have been confused by portable plant and

stationary plant classification ‘questions,

For example,

it is

not unusual for an 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.
still has the flexibility and characteristics of a portable plant

However,

the plant

in that it can be moved readily to a new location intact and can

be set up: very guickly.and with a mlnlmum cost..
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TABLE 2. - Crushers by type and manufacturer's market share (1)

Manufacturexr

Percent market share Ly type

Jaw

Gyratory

3 Cone

Hammermill

Acme
Allis-Chalmers
American
Austin Western
Badger
Birdsboro
Bulldog
Diamond

Eagle Crushers
El Jay
Farrell-Bacon
Gilson

Good Roads
Gruendler
Hewitt~Robins

Iowa Manufacturing Co.
. Kennedy-Van-Saun

Kue Ken
Lima-Baldwin-Hamilton
Lippmann

McCulley

Micro Pulverizer
Misscuri Rogers

New England

Nordberg

Pennsylvania
Pettibone

Pioneer Division, Portec Inc.

Reliance

Stoll

Telsmith

Traylor

Universal Engineering
Webb

Williams

No Name
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TABLE 3. - Crushers by type and-size distribution (1)
N —
Size Size
(in.) Percent (in.) Percent
Jaw Impactor
8 by 24 0.4 10 by 20 2.8
¢ by 16 to 36 1.8 22 by 22 2.9
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-tc 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 e Tl
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 &0 2.2 36 25.5
.60 by 84 0.4 37-1/2 1.3
o 100.0 38 0.6
- 45 1.3
Gyratory 48 32.5
51 14.0
10 1.6 54 5.1
12 3.1 57 1.3
18 3.1 &0 0.6
19-1/2 1.6 66 10.2
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 Hammermill
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
60 14.0 40 by 30 to 36 o 38.3
©6 3.1 41 by 36 2.9
72 1.6 42 by 24 2.9
100.0 100.0

—_—_— e ——
—
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- 2.1.2 Screen Statlstlcs

N,
J——
-

Table 4 summarizes the Pif and {uarry survey data for screen
installatiens. Inclined screens are installed as stationary
screens 83 percent of the time and only 17 percent are installed
as portables. Horizontal screens have their greatest utility in
portable plants. Overall, inclined screens are the most popular
and outsell horizontal screens. by about 3 to.l.

_ _Inclined screens are normally installed at an 1nc11natlogi_gﬁ
of 15 to 20 deg. Grav1ty and machine-induced material f
inertia accelerate the product bed. Most inclined screens are
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/wltthﬁggﬁgngzgf flow for large material (2 to 6 in.) or
counterflow 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-
guire horizontal screens. Horizontal screens, however, do not
have the capacity of inclined screens because gravity 1s not used
to promote material flow. Motion is imparted to the screen decks
in the same manner as the inclined screen, The motion can be
circular,. elliptical, straight line, with- flow or counterflow.

I s

Table 5 tabulates the relative popularity of screens by - Yoo
manufacturers. ©No data were available breaking down this tabu- oy
latlon“;nto inclined and horizontal screen fractions. Most ﬁf;“’
screenfmanufag;urers produce both types. Takle 6 tabulates the '
screen population by size. Again, no distinction is made between
inclined and horizontal screens, : ) )

2.1.3 BScreening Media

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 guestions: ‘

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

1
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TABLE 4, - Screen statistics (1)
Type of screens
i Inclined Horizontal Rotary
Description screens screens screens Totals
Number in use per plant 2,71 0.93 0.10
J
Number in use
in industry 37,886 11,243 1,398 50,527
Estimated annual o !
purchase 5,781 1,988 216 | 7,985
l T
Physical characteristics
Vibrating, % 96.6 95.1 -
Non-vibrating, % 3.4 4.9 -
Stationary, % 83.2 59.9 -
Portable, % 16.8. 40.1 -
2-Bearing, % 69.5 19.4 -
4-Bearing, % 30.5 80.6 -
NOTES :
1.7 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 plants planning to buy| screens in the

12 months =

24.0 yes

0.9 maybe

75.1 no

next

o)
)

i

,
7

b
o
i
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- iTABLE'S.'4 Relative popularity of .scréens by manufacturer (1)
Percent Manufacturer Percent Manufacturer
0.7 Aggregates Egquipment, Inc. C.6 Kennedy-Van-Saun
10.0 Allis-Chalmers 2.9 Link Belt
0.3 Barber~Greene 0.6 ° 'Lippmann
0.3 Bonded Scale 0.3 Niagara
0.1 Bodinson Manufacturing Co. 2.6 Nordberg
0.1 Carrier 0.5 Overstrom
0.1 Century 0.1 Orville-Simpson
c.1 Clark 0.3 Peerless
0.4 " Diamond 5.6 - Pioneer Division,
Portec Inc.
4.5 Deister 0.1 Rogers
t.1 Derrick 0.1 Rotexl
0.1 Eagle Crushers 6.7 Screen Eguipment Co.
2.4 El Jay 10.8 Simplicity Engrg.
11.9 Hewitt-Robins 0.1 Stephens-Adamson
0.1 Hufon 0.7 Syntron
11.6 Iowa Manufacturing Co. 3.6 Telsmith
0.4 Jeffrey 15.6 W.S. Tyler Company
0.9 Kolberg 1.6 Universal Engrg.
1.8 Kolman ©1.3 Shop made
100.90
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- b. What are the mosttimportént factors in selecting a
screening media?
c. - What is the cost of & 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:

a. Sizing accuracy

b. Screen media life )
c. Throughput

a. Price

e. Availability.

—_—

|
-_ \
|

The results of these two surveys are shown in Table 7.. The ;
results show that sizing accuracy and throughput are the most Lo
important. If the first and second most important concerns are [

combined, sizing accuracy and throughput carry the same amount BRE
of importance as buying motives. s

TABLE 7. - Relative importance of various buving motives , |

in selection of gcreening media (2)

e i

First Second Third Fourth Fifth

Buying motive concern “goncern 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 .i
Throughput 38.46 30.77 15.39 11.53 3.85 7?
Screen media's life 26.95 23.09 42.46 3.85 3.85 E
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. A
Table..8 .shows 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 & small percentage of plants surveyed are using
either rubber-coated wire cloth or perforated resilient media. / Q
: Rt - , - e
Table 9 presents a summary of the market share by manufac- \
turer. Table 10 compares annual tonnage and cost for wire cloth. 7
Table 11 does the same for punched plate. No data were available s
for rubber or urethane media. It can be summarized from the
tables that the average cost per ton on punched plate is $0.0025,
on woven wire cloth it is $0.0078, and $0.007 on rubber-clad
punched plate.

—

It is easily secen why cost was not considered a major buying
factor since it usually represents less than $0.01/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 B. - Percent of reporting plants using
screening media types (2)

A\

ScreeninéiﬂeQig# Percent of plants.
Woven Wire . 93.8
Rubber coated woven wire 1.0
Plastic coated woven wire 0
Shaped (prcofile) wire 1.4
Perforated steel plate 18.0
Rubber on steel plate 1.6
Perforated rubber plate 9.5
S0 \’Eﬂ

: : L i Lo L
v . - \\\‘ e lEe ' i




 TABLE 9. - Percent-of market by various

manufacturers

(1)
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Manufacturer

Perforated
steel plate

perforated
rubber

Woven wire
screen cloth

abhey-Sherrer

Acme

Bacon

Burralo Wire Works
CF&I Steel Corporation
Cindaco

Cleveland Wire Cloth
Crager

Durex

Durnero

Fenway

Flint

Flynn and Enslow
Frog Switch

Harrington and King
Hendrick Manufacturing
Hewitt-Robins

Holz Rubber

Hoyt Wire Cloth

Ingrham

Towa Manufacturing Company
Johnson and Chapman

Laubkenstein Manufacturing
David Lee

Linatex
Ludlow-Saylor
".Manganese Steel Forge
Meco

Midwest

Miller Brusin

Miller Wire

Monarch

Murdock )
National Standard
National Wire

Pacific Wire

Tioneer Division, Portec, Inc.

Rey-Loy

Sherman Riley
Rubberclad

Walter Shoemacker
Simplex

Simplicity Engineering
Star Wire

Svntron

Sweca

W.B. Thompson
Trelleborg
Trinity

Twin City

W.S. Tylcr Company
U.5. sSteel

Wajax

Western Wire

Shop Made

-
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TABLE 10. - A sampling of plant.reported annual tonnage
©~ and costs for woven wire cloth (2)

Annual tonnage Annual cost Cost per ton
900,000 tons $ 14,000.00 - . 80.0156
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 (2)

Annual tonnage

Annual cost

Cost per.-ton

2,500,000 tons
350,000
3,000,000
- 1,477,000
1,293,400
700,000

$9,000.00
1,000.00
4,951.00
1,317.00
6,419.00
1,000.00

$0.0036
" 0.0028
.0017
.001
.005
.0014

QOO OO0

%J- Tl}LT:\“' i_m;mr
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2.1.4: Hoppers and Chutes.

Hoppers and chutes are used for indirect discharge of
multiple-deck .screens, transfer points, storage and load-out
facilities 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. Malntenance
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 abrasive-resistant materials
c. . Fcrming 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 pcor fit-up are-
typical of small plant operations.

2.1.5 Typical Plant Layout,

Of the approximately 12,000 operating sand and gravel and
crushed stone plants in the country, it is estimated that 70
percent can bhe termed staticnary plants. The following discussion
is applicable to either stationary or portable plants since
coemminution circuits vary little bhetween the two types.

fo
Figure 2 is a typical open circuit schematice.' The size of -E;'fJ

the components will vary with the total plant capacity, but this Lo
example is indicative of a typical 200 to 250 ton/hr stationary
‘plant producing two saleable products: 3/4 x 1/2 and 1-1/2 x 3/4
- | inches. Note that this operation has a +3 in. recrush stockpile

that can be used to keep the seccondary circuit operating in the

event of the primary circuit shutdown and that the-1/2 in. mate-
:4  rial is considered waste. This typical plant represents producers o
. of-less than 150 000 tons/year and is very common. :

| 1tess tf - - ~ o _ I .
Hfig-_ - - ..- : :*'*"""’ - :-"‘"‘ ) - : l_
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"~ ! collected and conveyed to a stockpile or another reduction stage.

7

: Flgure 3 shows the addition of & tertlary crushing stage, <: <
closed civecuited 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. “~The addition of the - third crushing 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-1/2 in. waste remains, but it can be used in a
closed-circuit fourth stage, producing concrete sand, or if the
material was suitable, aqricultural.lime./.r

2.1.6 Portable Crushlng and Screenlng Plants

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 portable !plants.|[
Portable plants are further categorized as being either 'unitized
or single chassis.

- o

Although the Crusher and Portable Plant Assoc1atlonj(CAPPA)
does not specifically define these terms, we lassume! thatza unltEEEQJ
plant has only one component, such as a screen or crusher, mounted | |
on an individual chassis. These types of chassis represent 65 1.
percent of the 350 to 500 portable plants sold annually. A single -
chassis plant has more than one component, usually a crusher and L
a screen, mounted on a chassis. 'ﬂt

2.1.7 Summary

The census summary -of nonmetallic portable prdéessing plants |
resulted in the following typical portable plant and egquipment:

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

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

c. Cther stages: 6 x 16-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 coversirze
material fed directly to the crusher and other products chute- |
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The program scope and purpose and a schedule were sent early

Lﬁﬁj.zfﬁPiéntLgéle”tlon 55&xbn-site Visits

2.2.1 Plant Selection

En S sde

. = -
LU S, L :4,,

.39

in the program to major .users—of. the_equipment..determined tc be

typical by the industry survey.

The majority of the operations

were located in the South so that any weather-related program de-

lays could be maintained.

portables.

Within these six producer organizations,

:I-h(D‘QnOO"SJJ

Nello L -Teer

Martin Marietta - ‘
Roma Stone~Inc. " - :
‘Ryder Sand and Gravel . .

Vulcan Materials

‘Waké Stone IRE. T6° LT fris uiilw

selected and visited.

rates for the eight selected plants.

Emphasis during the initial contact&
with these major producers was on visiting stationary and portable'
plants producing between 200:-&nd -250 tons/hrw\w1th the emphasis on.
The follOW1ng producers~cooperated 'in the program:

Y

e
Tor.

Al

eight plants were

Table 12 summarizes the equipment in use and the productiob

Primary stages at the plants:

were predominantly stationary with a jaw crusher and a wvibrating

feeder grizzly.

Secondary stages were predominantly stationary- or

they consisted of a portable chassis permanently mounted to con-

crete pads.

for the second stage at the selected plants.

plants had a tertiary stage.
screen predomlnated at the tertiary stage.

Cone crushers and a double-deck screen were typical.
Six of the eight _
A cone crusher and triple-deck
Final screening was.

performed in a guartenary stage at four of the plants with two of
the plants using double-deck screens and two of the plants uSLng
triple-deck screens.

A7
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2.2.2 Plant Surveys

The ob]ectlves of the elght plant visits were to: ,

_— L
Determlne worker noise exposures that are representatlve

\1 of crushlng and screenlng operatlons
| ‘b. Assess the nature of noise sources so that appropriate
i control technology could be designed

C., Identify operational-and mechanical.constraints at the

Plants which would impact noise.control designs.

The following subsections summarize the results for the eight
plant visits.

Worker Noise Exposures of Representative Crushing and
Screening Operatlons

2.2.2.1

Current MSHA regulatlons regquire maintaining noise exposureSTf

to less than 90 dBA on an 8-hr time-weighted average basis. Noise
dosimeters were used to moniteor plant emplovee 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 13,

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 categories 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 conditicns, 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. _

— T - T e T .

‘.‘.Y.rr__. ) '7 o
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L
e

2.2.2.2 Assessment of Noise Sources

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 reguired. Measurements 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 elght plants Noise level
ranges between plants were as follows

a. Inside main contrel booth - 71 to 73 dBA (two plants
reportlng only)

b. Inside primary crusher Qperator's‘control booth ~-
71 to 85 dBAa :

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 dBRA
f. At tertiary screen - 100 to 110 dBA
g. At tertiary crusher feed - 101 to 105 dBA.

Compléte A-weighted sound préssure 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 sources on _the exposure
of plant perscnnel operating in stationary’locations\can be mini- .
‘mized with an operator control booth. The noise levels produced
by these sources, however, ‘have to be reduced to reduce the ex-|
posure of plant cleanup and maintenance pérsonnel whose duties ~

require them to work close to these sources.

[
n
!

0

o



[

*y3lo00q 9pIsur

€
‘U99IDS SAOQE ©IIR m_HOMMHmmoN
-puels s,xo03eiado 3e ud e} HUTpesy -"Yyjood s,r0lexsdo ozH
- Vo1 - - + - ) X wrojzetd s,xozexado W
| G6 16 0Tt <01 101 S6 X aTnpow’ Jo ased .
.| oot OTT | £LOT| TOT | 90T 60T - - us910s opTsed
i1 POT< - €0T | TOT | 80T 60T - - po8I I9Ysnio 3y -.
/N ¥/ N _ oTnpour AreT3isl.
: - 0
c€6 - ¥6 0TI - £G6 - - X urogzeT1d m.HOHMmeo”;
(4 90T-€0T} 00T 66 - - 26 86-96 X oTnpour yo Iseqd . .
ZT10T 60T - CE€TIT | 80T | 90T | €1t Z11 - - us910s opIsed '
oTT - - P01I< - qTt - 80T ITT< - - poS3 I9USNIO 3¢ w
. sTnpou A1epucdss,
: abxeyosTp !
. .66 - - - 00T = - e I9YSNIAD O3 XN .
00T< 20T« | 86< G6 GOT | 80T | TOT - - - FIDYSNIO IBA0 ' -
: m A ‘ . . yjooq
- B 74\ cL CTL 08 €8 68 ¥/N X s,203e10d0 SPTSUT .
) ylooedq 1T i,
= .HNOH 86 - - - - /N X s, x03ex2d0 - 9pTSINg N
. Iaysnio AIeWTIdg
- L €L X SPTSUTL
. 18, | 6 6 x ~ °pTSINO
¥/ N M_m\z v ¥/N “ ¥/N | ¥/N , ylrooq butierado utey:
! A [ H
’ . H y 95 ~ g " R a o) g ¥ i _eaIR eaI®R UOT3eO0T pqw&wuﬁmmwﬁ,
- I — soueus3 [} xozezadold ey
vap ‘aueld Aq sToa9] @STou Uupsmﬂm31¢ =uteu { ornpow [ Lo
‘dnuesa)d _ ;x@

vap S{oAS] 95T0U jue{d - °FI HTIVL

[ AaRal



66

2.2.2.3  Operational and Mechanical Constraints

Desighing and installing retrofit noise controls must in-
clude consideration of a variety of operational and mechanical
,constraints. Although each plant site presents a unique set of
Tconstraints, we can. list the following as a result of the eight
'plant visits:

a. Operational considerations:
1. Prodgctionfféteﬂiindiﬁaing peak load caﬁacityf :
regquirements. : B G
2. Plant life /
3. Market specifications, especially 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 Plant Survey Conclusions

We can therefore conclude from the survey of eight plants

that:

a. Primary crusher and scalping operators are effectively
isclated 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 4BA, 8-hr
time-weighted average standard due to crusher and
sCcreen noise sources
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cfﬂ’—Cleanup personnel are typically exposed to noise
levels in excess of the 90 dBA standard due to expo-
sure during cleanup operations (normally on the ground)
‘at primary, sécondary, 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- =
ing the productlon,~ouerat10nal and mechanical/maintenance con-; -~
straints, listed in subsection 2.2.2.3, the severity of the -
noise problem at each surveyed plant, - and the .potential coopera-
tion from the quarry owner. ’

The following subsection presents a summary of the rank-
ordering of the eight wvisited 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:

L - 115
- C 5
NETI = is x 2
where
c = actuallexpggg;e time in minutes, and i
L = 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=_.
tiplying the NEI values by 2. Ratings less than 1 were taken

as 0, meaning that no ncise problem existed at that module,

Table 15 presents the plant modules rank ordered by the method
described above. . oz




I

“TABLE' 15.- = Plants rank ordered by noise only

Rank : - " plant 7| Noise rating
1 B - Primary crusher 9.2
2 ' C - Secondary screen tower - . 4.7
3 ' G — Primary crusher’ o 7 ‘ 4.3
4 E - Secondary module 3.7
5 D - Secondary module : 3.0
6 A -~ Secondary module 2.8
7 g a - Tertiéry'module _ 2.3

F - Te?tiary?crushers;andiscreens 2.3
, |
8 G - Secondar§ 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 CF - Secondary module 1.1
13 C - Primary c¢rusher 20
D - Primary crusher 0
E - Primary crushexr 0
E - Tertiary module N ‘ 0
F - Primary crusher 0
H - Primary crusher o - ‘ 0
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2.3.2..Rank=0Ordexring By Multiple Objective Ranking Matrix

In order to make a subjective yet rational selection of )
plants to be noise.controlled 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 8Size of Plant

In general, the larger the plant, the less desirable the
plant was as a candidate for retrofit. - One-reason for this is.
that large plants with overall capacities greater than 300 tons/hr
are not typical of the industry,.since they represent only about
20 percent of the total number of plants. Another reason is that
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 contreol -
technology available off-the-shelf can be applied to a module at
reasonable cost with maximum impact and without adversely affect-
ing production. Each plant module was assessed accordlng to ‘this
criterion and given a 1 to 10 rating which was used in the mul- -
tiple objective ranking matrix.

—te e -- . e . . o
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2.3.2.3 'Degree 6f Owner Codperatidh’

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 various owners and Foster-Miller engineering
personnél, the degree of exPected cooperation was assessed and
given a 1 to 10 rating. This rating was then entered into the -
ranking matrix. i

2.3.2.4 1Is the Equipment 4yplcal of the Industry°

N - T

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 eguipment, not typical of the majority of plants-
across the- country, was. clearly hot consistent _with this purpose.
This. criteria was addressed to some extent by unfavorably weight-
ing very latrge plants.as idiscussed in subsection 2.3.2.1. To be
sure that such nontypical equlpment was eliminated from considera-
tion in small-plants as well, each mocdule in each plant was glven
a 1l 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
factor based on its importance in the selection process. Severity -
of noise and whether a plant was typical of the 1ndustry were
considered the most important and therefore werexgiven a weight-
ing ©of 1. The other three criteria (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 S
plants for retrofit during Phases II and III that complied with -
program objectives and yet remained within the current program T
scope. Many problems had been noted durlng Phase I that are
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'~ TABLE 16.. - Multiple objective ranking matrix

-|Severity |.size : Degree Typical
of noise of Ease of of owner of
problem |plant {treatment |cooperation |industry |Score
Weighting factor
Plant/module 1.0 0.9 0.9 0.9 1.0 B
Plant A [ -
Secondary module 2.8 8.7 5.3 9.0 10.0  |3s.8
Tértiary module 2.3 B.7 6.3 9.0 10.0 36.3
Plant B
Primary crusher 9.2 8.7 4.5 9.0 8.0 39.4
Secondary module. 1.3 8.7 6.3 9.0 8.0 33.3
Tertiary module 1.2 8.7 5.4 9.0 8.0 32.3
Plant C
Primary crusher 0 5.1 0 5.4 10.0 20,5
Secondary screen .
tower 4.7 5.1 4.5 5.4 5.0 24,7
Plant D° :
Primary crusher 0 8.2 0} 6.3 10.0 24.5
Secondary module 3.0 8.2 7.2 6.3 7.0 31.7
Tertiary module 1.2 8.2 7.2 6.3 5.0 27.9
Plant E
Primary crusher 0 7.2 0 3.6 8.0 18.8
Secondary module 1.5 7.2 1.8 3.6 5.0 19.1
Tertiary module 0 7.2 4.5 3.6 7.0 22.3
Plant F
Primary crusher 0 3.1 0 1.8 2.0 6.5
Secondary module 1.1 3.1 2.7 1.8 5.0 13.7
Tertiary crushers
and screens 2.3 3.1 0.9 1.8 4.0 12.1
Plant G
Primary crusher 4.3 . 8.7 8.1 7.2 10.0 . 38.3
Secondary module 1.9 8.7 6.3 7.2 10.0 34.1
Plant H
Primary crusher | O 9.0 . 8.1 _8.1Q 6.0 31.2
Secondary-module | - 3.7 9.0 S 70287 8.1 - © L0 37.0

(7N
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- TABLE i72fF_Plént§ifahk4brdered by multiple
objective ranking matrix

ﬁank _ }k >>>>> éiant Score
1 51 B - ?fimary crusher 39.4*
2 5 G - Primary crusher 38.3
3 - H - Secondary'quule 37.0
4 \;ﬁ; A - Secondary m;dﬁle 36.8%
5 v A - Tertiary moduie 36.3
5} -T G - Secondary module - _ 34.1
7 : B - Secondary module 33.3*
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 - Seccondary screen tower 24.7
13 D - Primary crusher 24.5
14 E - Tertiary moduie 22.3
15 C - Primary crusher 20.5
16 | E - Secondary module 19.1
17 E - Primary crusher 18.8
18 F - Se;ondary module 13.7
19 TF - Tertiary crushers and screens 12.1
h;20 F - Primary crusher 6.9
*Rec?mmended_fqr ret;of;§f_‘ . o _ o

Treplles

s




attendant to the.noise. problem-and .can be addressed by technology
and good operating practices. Noise can be attenuated in the
plants visited by proper maintenance, good process circuit design,-
use of engineering controls, and noise attenuating hardware. .

Four of the operations ranked in the top 10 shown in Table 17
were recommended as ¢candidates for retrofit. Fach provided a
unigue problem to be addressed by available technigues. 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 following plants’ or areas of a plant -
were Foster-Miller's suggested candidates: A

Plant B

Primary &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.
cperating procedure and control locations were also addressed.

Secondary 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 goocd 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-
ducers and initially seemed anxious to cooperate in the retrofit - .
program. This cooperation was later withdrawn because of inter-
est conflicts.
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7 3. RETROFIT NOISE CONTROL DESIGN

3,1 - Final Site Selections

The ranking criteria described in 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 approximately 40 mi apart, and

eyt

they are easily accessible. Final selection of these two plants -

enabled the program to:

a. Retrofit a 200 to 250 ton/hf portable cone crusher -

plant with a horizontal vibrating sCreen

b. Retrofit a portable cone crusher plant with an inclined -
screen B - » '

c. Retrofit a primary jaw crusher installation,

3.2 vPreliminanyDesign ) L

Data collected during the Phase I survey were reviewed for

each module to be retrofitted.

Special attention was given to

the reguired 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_i

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 materials -
to assist in the design process for retrofitting the modules.: .

Emphasis was placed on barrier materials, operator enclosures and

the use of resilient materials.

Consideration was given to the

following ways to bring the exposure of operating personnel of L

each module into compliance:

: : 'S ‘.—_:."T——’—*'Tf”u RO PSS P T
a. Eliminate the noise|sdurce ™ changeé -in‘material flow !
b... 1Isolate the noise source from the operator - enclose i

the noise source

c. Isolate the man from the noise source - control booth

>
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d.- - Reduce the noise emissions - install resilient linings,
modify the material handling or flow, utilize mainte-
nance procedures.

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

77 7 a.,  Treatment must be acoustically effecdtive
. S
b. Only commercially available materials were to be used’ ool
- c. No special services or facilities. should be requiredrr B
f to fabricate, install and maintain -the treatment 3 C o
I d. Treatment must be durable and cost-effective . ) 4
N e. Treatment must have a mlnlmal impact on the plant/ f
i module operation. 7
i
| ————— —— e e

IFigure 4 schematlcally shows the potential areas of a SRS
typlcal portable plant that contribute to the operating noise o
level. The preliminary design considerations included a sub- !
jective evaluation of the noise contribution of each point. , o

3.2.1 Plant B - Primary Crusher Installation - -',‘

N The initial noise survey showed that the jaw crusher op- .
| erator was exposed to 101 dBA at his normal work positicn on the ._ |
" catwalk over the feeder. Data extrapolated from a 3~hr dosimeter ’
survey indicated that the operator exceeded 325 percent of the o

"+ allowable nolise exposure. : .

- The major sources of noise in the area included: =

-
v a. Quarry trucks and/or front end loaders dumplng materlal

. into the feed hopper . P

; “b. Material belng conveyed and sized on the feeder/grizzly |

N C. Material falling into and being crushed by the jaw .

| crusher , -

. L)

d. Warning alarms to signal start-up and no-dump situations.. .

‘ Previous attempts to reduce the operator S exposure had . oo
‘limited effect. A control booth had been constructed at the !
" station. Noise level readings measured in the booth were 85 dBA.

PR
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The operator., however, chose. to: leave 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 aéoqs;ically effective control booth was irecommended.

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 for the Bbefafdr‘s comfort,

These design objectives would encourage the operator to remain -
inside the control booth with the door c¢losed during his work
shift. :

3.2.2 Plant B - Secondary Module

The inclined screen/cone crusher secondary portable plant,

Plant B, -provided the oppertunity to 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. Minimize impact noise at the screen feedbox discharge
lip

b. Attenuate noise from the screen top deck

c. Minimizé 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

£. Reduce impact ncise from the screen top deck wings.

. /ﬁ“

-

i

0

—
[N
L
1

realistic.

Sihée this plant is not produdtion—sensifive,.these goals weré .
Effective screening takes place within the first one- .
' third of the screen feed end and the top deck throughs 'and the 'sec-
|ond de

ck overs are closed on the crusher feed., The crusher is not;’
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overloaded The major problem to be’ addressed outside of noise
control would be the random impact of large, accelerated pieces

of material with the machine elements. These noise socurces

could -be -tréated with ‘acoustically effective material, but the
life of "the material 1in service would be variable and cost-

'sensitive. e e

3.2.3 Plant A - ‘Secondary-Module \ g

The horizontal double deck screen/cone crusher secondary

module, Plant A, offered- the - opportunlty to~retrof1t an equally
popular portable plant. “This plant-dlsSov'receives a precrushed

and

stockpiled ROM -10 in. material. Although thisTplant is fed|

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 dlscharged
into a feedbox, drops-to the- integral screen feedbox, travels °°
across the screen in a relatively uniform manner, discharges into
a cone crusher, ‘and is -finally crusher-discharged -ontoa  transfer

the

belt.
. General desrgn cgiéldératlons egreed upon 1nclude . .E‘
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 i
d. Reduce impact noise at the crusher feed. E

These points were the major sources of ncise contributing to
noise problem. Maintenance and clean-up work around the base

.0of the plant must be done close to these sources. . N

3.3 Follow-Up Plant Visits

DAY

During this task, FMA revisited the three plants for the -

‘following purposes:

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

b. To determine plant productlon sens;t1v1ty to potentlal
TTT Fetrofit treatmentst B B

C. To familiarize vendors of resilient materials with the
noise and production problems of these plants and eval-
uate the vendors/. capabllltyrto meet\the ‘program goals

(]
<
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dﬁi"To take dlmen51ons of plant elements regquiring
treatment,

These_activities aref summarized- in the following subsections.

3.3.1 Plant B - Primary Crusher Follow-Up Visit

measured in Phase I indicated an overexposure of 325 percent.

The Jjaw crusher operator's extrapolated full-shift exposure

‘Table 18 shows sound level meter readlngs taken durlng the follow— f

up v151t.

. —

|

_— P

,f

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 numerocus and varlable to reduce
individually in a cost-effective manner. -

j3.3.2 Plant B - Inclined Screen PlantJ
f Follow~-Up Visit

i | Table 19 shows n01se data taken at the portable screen/ %;/{ fﬂ
fsecondary crusher plant during the follow-up visit. The follow- '
‘J!

. 1“" .

ing areas were 1dentlf1ed as the major noise sources:

a. Feedbox discharge lip

b. Screen top deck

c. Screen discharge lip

d. Crusher feedbox

e. Crusher feed plate ) e -
£. Screen top deck wings. )

The screen and crusher throughs discharge into rock boxes.-
The transition area from the feedbox to the screen and from thef
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 production-sensitive 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,

iL".-
'
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o

N

1-1/4 ir,, was not:.altered. ' The crusher sees all '+1-1/4 in., fee&d |
from the stock pile and is not drawing a maximum of 150 hp. All
screening is done in the first third of the top deck. The screen -
was acting: as: an oversize chute:.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

4 _ - Y

__Table 20 shows noise data taken at Plaqt_§ during the follow— Ay
up visit. The major ncise- sources included: _ﬂﬂbﬂﬁi

Screen feedbox
Screen top deck

a
b
c. Screen discharge lip ‘ .
d Crusher feed plate

e

- Crusher feed cone.

- 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 sourcefm,

\ This plant was not productlon sensitive - -in that the top and 1-1
| bottom decks normally discharge into the crusher; the top deck belng‘
| 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

| sensitive to only +1-1/4 in. material. No retroflt treatment would
\retaln more +1-1/4 in. material than was being currently retained.

|
}
!

* \
3.4 Retrofit Material Selection

Manufacturers of components made of resilient materials and
accustical materials were contacted by a general létter early in
Phase IT. The scope of the program was ocutlined to these com- -
panies as well as the extent that they would have to participate -
in the program if they were selected. Major requests included:

a. Meet with Foster-Miller at vlants - -
b. Meet with plant owner to discuss specifics of retrofit --
c. Assist Foster-Miller and plant in installing components
5 d. Backup products being installed.
e e e :

' - T - L
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‘\'{,%. "

ffﬂlffﬂ
LA A
Table 21 is a matrix develope@itp help evaluate the capa- R

bilities of these vendors, since not all could be met at the
sites. Prlmary con51deratlons in this evaluation included:

a. Wllllngness to partlclbate as outlined above

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

c. Influence in the marketplace

d. Capability to'supplyrthe,ﬁotehtialiy wide range of
preducts 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 the program needs., :

During the followfup visits, these suppliers were provided
the opportunity to examine the twe 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 egquipment 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: o
and gucte evaluation that noise control per se, by using resil- .
ient materials, was an art employed by manufacturers and users o
as an afterthought more than by design. Commercially-available
resilient materials used for screen cloth and chute linings are
formulated for their vhysical properties relating to their utlllty

~1 - f

Jand durability rather than noise control, and a wide selection fos

_|is not available. - o -

- e — T

The manufacturers were reluctant to estimate the noise o
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 3
estimates, when made, were based on laboratory data for samples
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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 ncise..., reduced noise..., quiet..., etc." were sub-
jectively used to recommend one material over another. No unigue
application of material or new material was suggested.

The gquoted costs for just the resilient material varied from
$9,000 to $16,000 for a portable plant. Some of the reguired
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 cf 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 tc 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 cloth 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.

A1l of the manufacturers who guoted 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
whe observed this operation agreed that the life of the resilient
material will be dependent on the size and velocity of the rock

.
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-Béfng”ﬁfooegéedf:tTHEyﬁgfL‘ééfeedﬂéﬁgt only the properties of
rubber could survive in this application. Both Durex and Hewitt- -
Roblns were hesrtant to quote urethane rproducts for this applica-

[

Durex was recommended_to;retroilt_Rlant.A“with_their urethane
materials. Durex was no more knowledgeable in the application of
their material to this plant than Hewitt-Robins, but they offered
a more practical appreocach in the use of generic urethane materlals.\
Durex does not make proprietary products for use in the industry,
but rather incorporates Unlroyal =bekod Dupontnelastomers, as do T
other resilient material "manufdcturérs” "FMAGfélt that, 1n1t1ally,r
more data could be obtained by using materials in common use in. =
the industry in a more practical deSLgn fashion.

e
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3.5 Final' De51gn, Fabrlcatlon, and Installatlon

: 3 5 1 Plant B - Prlmary Crusher a

Titte

(¥

i)

e e e e e mm e - b

As dlscussed the primary sources of noise for the operation 7
of the prlmary crusher.at: Plant B-could not, be.regduged.in a cost- -
.effective manner.. A control booth for the’ operator, thereforeh,. ’

b o

was recommended. = .=

al

>

0

The booth was designed to: -

” i

a. Result in noise levels inside the booth of approxrmat‘ly/;
80 dBA ‘ T

2 25

b. Provide adequate visibility for the operator to perform 5

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

3%}

()]
()]

: c. Provide a comfortable environment year-round so that';'
the operator stays 1nsrde the booth when the plant is
operating. G ~ =

7‘<

N

LY

The booth design specifications are|shown.in Table 23 with
the original estimates for both material and labor costs.

N

9]
rm

The wall construction detail is shown in Figure 5. As shown, 5.
the basic construction uses 2 x 3-in. studs with 5/8-in. sheetrock-,
on the_outside_.covered with. aluminum siding....The. inside walls.are
:5/32-in. wood paneling over a double layered gypsum wallboard K
‘(1/2-in. and 5/8-in.). Wall cavities were insulated with 2-1/4- inag
'fiberglass (R-11). The fiberglass was installed against the out- ~
side wall leaving a 1/2-in. airgap between the fiberglass and the
1nterlor—wall- L. VertLcal FuLL Fage Title (8i: Hers; o5
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Material and

Installation Cost Amount Needed Price
WALLS
1/2 in. gypsum board SO.ZG/ftz 200 fr g 52.00
2
5/8 in. gypsum board 0.33/ft 200 ft2 66,00
5/32 in. panelling 0.65/5c7 200 £22 130.00
2
5/8 1n. sheet rock 0.81/ft 200 £t 182.00
v R11 insulation G.]S/£t2 288 fr.2 101.Q¢
CEILING
s 2 —
3/8 in. prefinished 0.68/ft an ft.2 54,00
sheet rock
- 2 2
suspended ceiling 0-97/fFt 80 fr 78.00
panels
. 2 2
30 galvanigzed steel 0.78/£t a0 £t 62.00
Rl4 ipsulation o ausoprt? go £&’ 10.00
FLOOR
‘ : 2 2
5/8 in. fir (plywood) 0.85/ft 80 ft 68.00
1716 v.2. floor tile 0.57/£c 8o £e” 16.00
2 2
R7 1nsulation Q.29/ft 8O ft 23.00
WINDOWS
48 X 24 fixed pane, 300.00 3 900.00*
laminated windaws ®
| Hvac
7000 Btu heater and ac 600.90 1 600.00
thermostat contralled
LIGHTING & ELECTRIC
60A main breaker 166.00 1 166.00
110V auplex 5.31 6 32.00
coppey Romex raceway D,60/ft 140 ft 60.00
545241 Fluoreseent 57.15 2 114.00
lights
R E—
FRAME
2 X 6 in. beams (floor) 3.80 8 .00
2 % 3 in. beams (ceiling 3. a0 34 115 oo
and wall)
Installation - 2 carpen- 23&/day . 708.00
ters and power tools 3 days
DOORS
36 x 80 in. insulated 300-00 2 600D. 00
aluminum (300 ea)
acoustically made
36 < 80 in. insulated 400.00 1 ape.cox
alumpinum door, half
window (24 = 36 1n.)
acoustically made
Total cost fer bmoth 54,628.00 ]

* Prices based on gumtes received from vendor.

(&3}
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(———— /—2><31'n.x8ftSTUD

L R N OO A\ o l ]
\ 1 .
|
INSIDE OUTSIDE 1
{
\
%
|
|
; K\\—— ALUMINUM SIDING l '
(0.019 in.) l g
: \
_ 172 in. AIR GAP 5/8 in. SHEETROCK
’ 5/8 in. GYPSUM _
. |
) 1/2 in. GYPSUM 2-1/4 in. FIBERGLASS i e
1 o M 5/32 in. PANELING INSULATM =T
'FIGURE 5. - Control booth wall construction.- o g
The final design of the'8 x 10-ft booth is shown in ! f_l%?;kﬁ
Figure 6.. The windows were sliding, double-pane construction = b
with a 3/4-in. airgap. Environmental contreol was achieved with’ i

a 13,800 Btu air conditioner and two, 4-ft long electric base- . =~ '
board heaters rated lat 2_KW,

The control booth was fabricated by Design Space Internatlon—

al, Bala Cynwyd, PA, and is commercially available from its numerousi ;;

dlstrlbutors throughout the country. This booth could also be T
constructed by any guarry operator using a minimum of skilled

labor. For this program, Foster-Miller purchased the completed. .
booth. i

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. Iscolation was required to mini-
mize the transmission of vibration from the crusher support ’
structure into the booth structure. Further considerations, L
particularly operator safety, led Foster-Miller and the -quarry
owner to the decision that a separate support structure for the

L
{
t
{
Ay
")
(SN

Ll
O

TRpe- 2 e e



—_—

Y

92

1

|
|
|
|
|
l

7

{

- .
2) 4 ft BASEBOARD HEATER (2) $S 24y

0

FLUORESCENT
ft, 7- 7/8412;;/5; 4///~LIGHTS
i1

FEED CRUSHER
LOCATION
.r_ "‘“—1'

L)

|
| 1
‘j ——— |
;‘ !::; B | J
| i) Co. 1 1
It ; '
:\
| =3 [
| - |
| L 1 ft, 4 in. \_ SERVICE | |
‘( = l uaLkear |
! : ﬂ._'> ‘ . | s i
a) TOP VIEW
e . T w e w0 |
o _ ’ COMMERCIAL ALUMINUM DQOOR ‘
1)n3 800 BT U AR 'CONDITIONER WITH 24 x 36 in. WINDOW
jr; , I E j i - LI e \ LTI @ |
m NI | [
w | 1 | B I R (1)
‘ } | ! 8w, 0 andl] i
:“Iill‘rl" ‘ ‘ M‘ J‘ i

e

\

(3) 48 x 24 in.\

'\ INSULATED FIXED |
" PANE LAMINATED
(2) 36 x 80 in. INSULATED .. WINDOWS ( -ﬂ (2) 6 x 8.5 in. WIDE .
COMMERCIAL ALUMINUM DOORS % A\f | FLG. BEAM o
1‘ - s ot e —E e SRR e e = d.&.___%) ,
| ' |
! : l
: b) FRONT VIEW | c) CRUSHER SIDE VIEW \
=L FIGURE 6 f—'bﬁerator"éi-één?:rbiibéééﬁ.3"51"57
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‘| ELECTRIC s L
. LOAD CENTER: (1) 60A“WITH MAIN BREAKER !
o | RECEPTACLES: (10) 110V AUPLEX _ g
| RACE WAY:  COPPER ROMEX |
) | FRAME N |
| FRAME: .~ 16 in. J )
. FLOOR EAS g LB
. JOIST: 2 x 6 x 8 ft, 16 in. 0.C.
| SUB FLOOR:  5/8 in. FIR
| COVERING: 1/16 in. V.A. FLOOR TILE
| INSULATION:  RZ:,
. INTERNAL AND EXTERNAL WALLS
| STUDS: 2 x 3% 8 ft B.0.C.A.
PANELING: 5/32 in. WOODGRAIN MUSKET
| | INSULATION: Ril
‘; | SPECIAL: 1/2 in. GYPSUM OVER 5/8 in. GYPSUM
‘ e~ EXT. SIDING: 0.019 in. ALUMINUM OVER 5/8 in. GYPSUM
L EXT. TRIM:  0.019 in. ALUMINUM .
{___ | ROOF
CEILING .

. PANEL: . SHEETROCK PANEL, PREFINISHED 3/8 in.
JINSULATION | Ri4
TROOFING: 30 GA. GALVANIZED STEEL

_ | S—
weee .. .—4d) CONTROL BOOTH GENERAL SPECIFICATIONS
R - L ]
[ — .
— /B
TR R A A il
ARILEREEY Y g ‘ S |
‘ ol %HJ T ol | e :l/
I e | \>I|‘ P
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_ FIGURE 6 T Operator s contfol booth (cqntlnued):”'
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booth wﬁ%lﬁarrantéaf The SupDort structure was constructed on-
5 site by guarry personnel using 6-in. I beams. The structure is
completely 1ndeoendent of the crusher support frame. The booth

mEee

° operator could step dlrectly from the booth ontc the catwalk

. over the crusher throat. ... . — .
= The followlng costs are based on actual purchase prices and
. the use of quarry personnel to 1nstall the booth: b
- a. Booth cost = $4919‘de11veredr $291 dellvery charge)|
N 1_ 1»__ (SR _.
Tz b. Installation tlme = 40 manhours. i
- ﬁ%:%;é“ Plant B - Inclined- Screen/Cone ¢rusher- Plaht } -
. Plant B is anminclined“screen/cone_grusher,secondary <

portable plant as shown in Figure 8. The coarse feed to the
-2 plant, -10 in., is conveyor belt-fed to a screen feedbox, accel-
.., erated over a 20 deg double-deck inclined screen, discharged .
" 1into a crusher feedbox, crushed in a cone crusher, and flnally

dlscharged from the Dlant onto a transfer’ belt ZZThelbasic :
T e o R P M AN T K () ‘*‘”*—“1‘**-‘-1"?-:

e
1

il a F ’RUSHER AREA - JCONTROL BIGTH) r
2 \
53 B
23 ]
o
= y
. t 1
35 i ‘;
2

Ui
N

. o L
DR e & G X L)
Plant B - control booth at prlmary statlon. i
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X\

- -_— ,
FROM —=————> ' .- [SCREEN FEED BOX’: /5 % 14 ft OD INCLIN ED)
;%%ggﬁ‘ e - i A ,SCREEN‘/f"———f“f ; P'E }
PIL o | \QBQQHER FEED HOPPER

§
{

3 B FIGURE 8. --Plant B Dortable plant.

4

3 bequiﬁﬁent is a 5100 Standard Symons cone crusher and a 5- x 14-ft
Nordberg 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®  -:

—_—

[screen panel>" !

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

Mon /8 in, steel plate, was drilled and bolted to the screen feed

|CONE CRUSHER |-

.be built up. A Trelleborq 60A Base Durometer rubber impact pad

iwas theh installed (Figure 9).. The 3-in. thick pad, mounted ‘ﬁ;‘

- box u51ng 3/4 in. bolts. - » S
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3. 5 2 2‘”Incllned Screen

All screen panels were molded 60A Base Durometer rubber
mount&d én 33 Ib framesSofSstflictural steel, as shown by Figure
10. Each panel weighed about 110 lb. The flrst screen panel
was a 3-in. thick _blank _(no__holes)  and_the_remaining 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. counter- _

sunk bolts. Figure 9 shows the installed screen panels, includ-
ing the blank panel. Flgureull presents a sketch of the 1ncllned
'screen and feed chute. L JI= Tom Tover Wiadow; .

The first screen panel absorbs the energy of the large feed
and decelerates the material as it 'enters the feed end of the.~

screen. This retarding of materlal flow keeps the large feed from;*

‘bouncing down the Iength-of--the screen,"more‘evenly ‘distributes
the feed across the width of the screen; and, ultimately reduces
the - 1mpact neise-of the material striking- the metal-structure-;
The remaining panels of the screen are more than adeguate to
effectively remote the fines from the +3 in., top. Slzeh no produc—

o LS -

tion.redudtion has been experlenced e el

FTGURE 710 ; ‘- DIant B2~ Scréer cpanelsland Sstruetural
s irm i e i = SR @@L fRAMES - (ShownR. dnverEedd- s emeen e
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—Alwlbratlng screen corners and the stationary crusher feed chute. 2
N L

1
o
B

[N Cn
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it

B and directed it more effectlvely into the crusher feed chute.

_Tu_.__ _ 4
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i ~goreen ~gide wings,thatare used~to-retain- the large*feed—J;
are excited by impacting rock, thus radiating noise. These wings -
have been lined with 1-in. thlck steel-backed rubber (Figure 12).
The lining is attached to the wings of the side plate and not to
the side plates themselves, so the structural integrity of the o
screen has not been affected. The lining was quickly installed:
by using a Hilti gun which, in essence, shoots a rivet through; the
anlng into the wing. The rivets, however, came loose during =
,operatlons and the liners were then bolted in place during normal

U S B I

Ny

RS

| maintenance. : IARR P
| o ' "/‘ 5 \ ‘
‘ Rubber bumper blocks were added to the side wings right at PR
the discharge lip of the screen (Figure 12). The coarse materlal -

‘traveling across the top deck often became pinched between the J

'support. A danger existed that the screen could literally bounce
woff its support springs during start- up and shut-down if any \ o
plnched material restrained the screen's movements. The bumper ' 2§

blocks channeled the screen discharge away from this critical area. .

. ‘,‘,m‘\BUMPERE -
oy - BLOCK | ..
,‘fPr—I’ITC}ﬂ
AREA

FIGURE 12. —ngubpeg_bumperwblockswadded to_ the

‘'screén” §ide wings. 7
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The’ screen top ‘deck dlscharge llp requlred a relatlvely s
small lining to attenuaté the impact noise from the. screen. overs, | :
iWear is a major problem to be addressed with this modlflcatlon'¢‘
The liner must be replaced when necessary to retain the noise i,
‘reduction ~achieved from 1ts 1nstallatlon. e

I e D o
A drag curtain (Flgure 13) was. also 1nstalled on the feed

chute so the trailing edge of the 2-in. thick curtain hung over-
the screen feedbox. The curtain was bolted on the outside of the
conveyor discharge box with 3/4-in. bolts and a clamp bar. The:
curtain acted as a retardant: for the- accelerated feed from the.'
chute and as a means to more.muniformly distribute the feed across
the width of the screen., This type of curtain s mandator | as a
safety cqntrol to prevent coaree feed from bauncing off an @naltnedr
screenlwhtch _has been outfltted with resilient cZoth’ .

3.5.2.3- Crusher Feed Chute SRS .- =

Figure 14 shows the design 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. thlck rubber materlal

1
[

TF;QU3E1131 Rubber drag curtaln used, to. retard

R T S

materlal flow." z
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The lining was suspended 2 in. from--the chute surface to allow |
the material to flex when ‘impacted. This installation technigue’

L

\allows a reductlon oﬁ_gge‘requlred rubber thickness-to-impact-] load\v

"ratio. - The rubber liner- members were predrilled and fit-up-holes
were torch-cut to matéh the’ hopoer 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 retroflt*
design were;

a. Crusher feed imbacfing the gyratiﬁg'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.

LCMRTAIN

L]

m mr

|

LDISCHARGE LIP UINE ,
FIGURE '1,5'__,_ PLanttB - crusherzfeed..chute:linings. .
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“crusher modificationss

/,,\
Feed Plate |

A rubber crusher feed plate (Pigure 17) replaced the original
AR steel plate. The original 5-in. thick rubber mounted on steel
‘plate was 1ncorrectly supplied at 24-in. dia instead of the ordéred:
127 in, dia. The 24-in, dia plate was installed, but it qulcklyyﬂ.,J
wore around the mounting bolts: ‘and was then replaced with a T
correctly sized plate. There was no noticeable affect on the -
crusher's dynamic balance by repla01ng the steel feed plate with
‘the rubber one. |

Feed Cone

.The feed cone receives the impact of material being directly
.discharged from_ the screen and material bouncing off the feed .7~
plate.: Liners of 1-in. rubber mounted on steel plate were usedito
replace the original AR steel plate liners. The rubber llners-were
supplied in strips. The original steel plate liners were rernoved.ﬂw
1P051tlons of holes in the liners were marked on the shell and cone.. " .
Holes were-then torch-cut in the shell ‘and - "cone and the llners ‘

were installed with countersunkt_eundhead bolts.
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FIGURE 17. - Plant B. - installing rubber crusher
B ‘ - o feed plate. S

Crusher Shell

The noise radiating from the crusher main frame shell was

lsound barrier curtain was hung on the outside of the crusher.
' from the adjustment ring to the bottom of the main frame flange

~caused by the crushing action in the crushing cavity-itself. &

W(Figure 18). Slits were made in: the curtain to allow hydraulic
I'inesto pass through it-and ‘the edges of"the~curtain were—over=:
‘lapped to contain the noise. Since the adjustment ring is an

wlrregular shape, support gromets in the curtain, spaced every

12 2 in., were used as a template to~ position and weld 3/4 in. studs

(FN

———a
- P A

Ton:the adjustment ring 0.D. The free—hung curtain should not have
to be removed during normal crusher serv1c1ng and operatlon, it
is free to move with the adjustment ring when the “crusher passes

The following Plant B actuil cost&™(excluding the booth)
are based on purchase prices for the designs presented usinhg
gquarry labor for installation:

(]

[}



A more detailed cost analysis for Plant B is presented 'in-

\,
v
"

FIGURE 18. - Curtain installed around the crusher

. maln frame shell. .

i

Raw material $14,000

Installation time:

1. Screen feedbox = .2
2. Screen deck, wings,
drag curtain = 16
3. Crusher feed chute = 12
4. Crusher feed plate = 3
5. Crusher feed cone = 30
6. Crusher sound curtain = 3
Total = 66

Section 4.

manhours

manhours
manhours
manhours
manhours
manhours

manhours

P ~ e
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. 3853 c-Plant-A: - Horizontal ‘Screen/Cone Crusher Module
Plant A is a horizontal double-deck screen/cone crusher
secondary,.module. as_shown_in. Flgure 19, Plant A receives a pre-
crushed and stockplled ROM -10 in. material. The coarse feed is

conveyor belt-fed to a screen feedbox, transported over the

screen by the screen throw itito & ¢one crusher, and finally

crusher-discharged onto a transfer 'belt to the tertiary stageb
The basic equipment, mounted on a structural steel portable

‘chassis, was a 4-1/4 ft Standard Symons cone crusher receiving-
the overs from a 5- x 14= ft Cedar Raplds horlzontal double-deck

screen during the initial survey ‘and’ de51gn phase of the program.'

After design but prior to retroflt, the quarry owner found
‘it difficult to maintain the crusher closed side setting due to
‘worn-out crusher components _and: faulty hydraulics.  The owner _
‘decided to replace the crusher with a Model 1500S Telsmith cone
crusher installed on the same chassis. Modifications to the

i

s
B

| SEROUD OVER| . .. o ks
" |CRUSHER | (5 x 14 ft DD SCREEN! - .

IFROM] -
S 10CK (PILE] =

[\

N
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chassis were made. to accommodate- the wcrusher 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 -

|
"

93]
‘it

LN

1y

R A al e

the 3-in. opening top deck and the 1-1/2 in. cpening second deck of.

‘the 5- x 14-ft Cedar Rapids screen, at a_capacity of over 325 tph.

A

‘After the circuit was balanced the feed to the plant returned”
to -10 in. material i —" "~ T T T

General design goals for this plant included:

a. Minimize 1mpact n01se at the .screen feedchute

b. Attenuate noise on. the screen top deck area )
c. 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 conSLderatlons 1lsted above.

3.5.3.1 Plant A - Screen Feedchute

Figure 20 shows the‘rétfofitLdeSign for the screen feedchdte.r

A preliminary design for the feedchute included two cable-hung
impact panels for the primary conveyor 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 .-
ranel 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, the fines 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 pPlant A - Horizontal Screen

__The screen feedbox was lined with a_panel containing uniform- -~

ly spaced 3-in. openings (approx1mate1yf§ngercent open areal.
Panel material was 2-in. thick urethane, 88A '‘Base Durometer wire-
cable reinforced. The liner was tightly fitted to the sides of

N R STl el P
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the’ feedbox and:bolted -in: through “the.'sides. A bed of fines was
captured and eventually built up over 'the liner pockets, as shown

in Figure 21..

-

The orlglnal 51T%T14-ft double—deck screen was outfitted
with a top deck of 5/8 ‘in. thick manganese plate with 3-in. dia
> holes. The bottom deck was 1-1/4 in. square wire cloth. The s
i, top deck. always dlscharged into the crusher but often the second .

deck and minus r_l/4 1n ""fhroughs" were stockplled or sent to the‘

DR

TN

-

i
L

e

tertiary ‘plant. : : 4‘_4‘”“_*p .

-
§

- The screen shown in Flgure 22 was 1n1t1ally retrofitted with
resilient cloth on the top ‘deck only. "~After the new crusher was
installed, the second deck was also retrofitted with resilient - L
cloth. The top deck was retrofitted with Durex, 2-in. thick -
urethane, 88A Base Durcmeter, screen c¢loth with 3-in. sguare

openings (Figure. 23). The urethane was reinforced with 5/8 1n." A

|square. openlng,vGradé 10,

'1nstalled with urethane coated side tension rails and hold- -down U- 7
‘bolts as shown in Figure 24. The second deck panels were 1-1/2 1np4
'thick urethane with 1-1/2 in. square openings, reinforced as des-

\crlbed above. . ‘ . S, .

A

Ll
H
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Lil

s T " - b RO fome o T mm

;f”if FIQQE@i?;f’MEScreen fé a O% llnlng B zz
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= - s . the . N
p R T - - TN Fovita
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woven wire cloth., ~Screen panels were | i
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~ ,installed, the top screen discharge lip was removed and the overs jiyl
;from both decks impacted on an enlarged second deck discharge lip. lr"

112

The combination~of-the larger: openings 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 screen:deck, but the-coarse._feed abraded them qguickly. Wooden :
side boards and” conveyor beltlng were used to replace the urethane
side plates.

i

3.5.3.3 Plant A - Screen Discharge to Secondary Crusher

-

Screen Discharge Lip . | a o

The original screen,iheerégrétea.i%brdiécharge lips to convey - -
the overs from each deck to the crusher. The initial retrofit . o
design considered lining only thé top lip and its sides which came _ _

in contact with the ccarse crusher feed. When the new crusher was

Figure 25 illustrates the modified discharge lip treatment and S
the screen discharge area. Discharge lip liners were cut in the o

field to the dimensions of the modified 1ip. The liners were
Durex 1-1/2-in. thick urethane, 88A Base Durometer, reinforced

with Grade 10 ‘woven wire cloth.” The linings were-bolted into 5‘?'“

place (Figure 26). Countersunk holes in the linings kept the’
3/4-in. bolts beneath the wearing surfaces,

Crusher Feed Area

1A \_significant amount of noise was generated by material i}‘f

falling into the crushér and striking the conical feed hopper. - o
Eight molded 1-in. thick urethane segments were supplied by Duréx -

to line the conical hopper (Figure 27). The segments were formed /. °

L

\'-\/‘

to the shape of the conical hopper and the fit was so tight that

securing hardware was not required. The urethane segments were o

reinforced with woven wire. cloth, as described previocusly.

n

———— e S

gan

A molded urethane mantle cap was considered in an attempt to ‘
absorb the impact of the material dlscharglng from tle screen llp ‘
|However, the crusher was.|choke- fed’ Tore. ofren than sparsely fed. [
'and the material itself %as thought to be & better noise attenu- I
lator. Therefore, no changes were made to ‘the mantle cap. S

The following Plant A actual costs are based on purchase
prices for the designs presented using labor from the quarry s

- for installation:

ey

-

§
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a.=- I Raw: materlal:3ﬁA approximately $17,000 L

b. Installaticon time: : >
"1.77 Convéyor = 77" - = 5.5-manhours -

2. Screen“feedbOX”""“““‘=f”“l.0“manhour‘ a

3. Top deck = 21.0 manhours T

: : & 1

4, Side deck . . . ___5=:,30"0‘manhours £

5. Screen dlscharge ll ““éiT‘iTg‘manhours - o3

6. Crusher cone - = 10.0 manhours - L3
Total @ = 69.0 manhours B ]

more detelled cost analysis, for_ﬁient A is- presented in {';,.fv ;
Section 4.4. L,
S TL306 'Designdandilnétéllation’Ccncluéions;;é‘ 7 N
Retrpt;t noise control treatments at Plant A were Durex .ﬁ‘:ﬁ
urethane, 88A Base Durometer, reinforced with woven wire cloth.,. ' -
Noise control treatments addressed the following sources: '7 ..
a. Screen feedchute ; Sz

b. Screen top deck area _ - B

c. Screen discharge area b

d. Crusher feed.

Treatment costs for the sources totalled $17,000 for capital 1tem5‘;

and 69 manhours for 1nstallat10n =

Retrofitted ncise control treatments at Plant B were Trelle-

P

borg 60A Base Durometer rubber. Noise control treatments addressed:..

included:

a. Feedchute and screen feedbox G
b. Inclined screen : S
c. Crusher feed ' : L3
d. Crusher. _ Zu
R S lgriioal Tuil o Fegon Tt (2l ossraz :f
oo ters TV?;:’: o
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Treatment costs -For ‘the Flant-B sourdes totalled $14,000 for
capital items and 66 manhours for installation.

¥4}

The  py¥ifmaty crusher” noise2sources at Plant B could not be -
reduced in a cost—effective manner.- Therefore, a control booth 0
for the overator was_designed _and_installed. Capital items
totalled $49l9 delivered and installation reguired 40 manhours. =

All of the Plant A and Plant B:noise control treatments we}e ,
installed on a retrofit basis to acressible nolse sources. The_ -
treatments responded to the contract—guldellnes by meeting the | :

following criteria: 1o Dis Lom Toesml oo Lo : -
a. TThe treatments were acoustlcally effectlve i L Lo
I < :

: b. Only commerc1ally avallable materlals were used

Cc. No special services or fa0111t1es were reguired to , -
-fabricatef install- and maintain the treatment A

L. j s

d. T\The treatments were durable and cost-effective when = |
'properly specified and, installed f
e. ‘'The modifications had arﬁzgzaﬁijlmpact on the plant/rf
|module operation. s i

=

"‘ B T

Acoustical effectiveness and durability is addressed in
Section 4 for the installed noise control treatments.
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| Table 24 presents a chronology cf the retrofit installation

S oEesSl ST Sl RPIELD DEMONSTRATION RESULTS

FMA Be¥sorinel ‘wére on §ite during the installation of the :
treatment materials and participated in startup and fine-tuning .
activities. The noise surveys were_repeated 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
repeated during the visitsitoidetermineincise- *control effectlve-
ness and to note wear on-ther re51llent materials. .- .

The following subsections present the field demonstratlon
results and an analysis of the cost-effectiveness of the retro~
fit program. Noise survey data are first presented comparing °
measured noise levels taken before—and—after -inrstallation of :
the modifications. ‘Successive followup noise survey data are - .
presented-in a manner- that allows-determination of the-performance
(or lack of performance) of the treatment materials as wear o
occurredu:j‘_\ 5 P T S PR -

[ 0= =)

- N - : - - :
L Voo ono NElnod o€ DLl 2 (zLv =, —i

4.1 Portable pIéﬁE'A’l”Néise'ééntfbi'f}éétmeh£“éffe¢£ivéﬁé555’

The retrofit program at Plant A was initiated on 27 Aprill ~

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 {include 4 sta stations /
which represent typical cleanup areas (1 to 4 in Figure 28) an@ 2o

™

three stations next to the major noise sources (5 to 7 in
Figure 28). During the followup visits to Plant A, all measure-
ments were made at the specified locations. i

‘ ' J— -_Jl

o

S

[F]

e

Lk

(o)

[\

and modifications and the schedule of followup visits between ° |

the period 27 April to 20 October 1981. Circuit conditions are
briefly described as well as a summary cf the observed deteriora-

s

., tion of the installed treatments. s
4.1.1 1Initial Treatment -

l - o T z
. During the initial treatment on 28 April 1981, the follow- N
“inghmaterials were Installed: . -
| o v , 3
{a. Resrllent ‘top screen deck , . .

bl Resrllent 1mpact pad in theng;ggQered chute a' R

I 3

er Conlcal 1indr: in- the crusher~feed hopper... o %

T R T e L L L R - e s ALl m RA S L B TR - es w b e et m e L

J
5
b
!

o
o
1y

Tyoigs

0
o
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As described in Section 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
reguired remanufacturing. Liners could nct be field-medified
to meet existing conditions.

Noise measurements performed con 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 monltgggg;gg;__i;
locations 6 and 7 on 27 and 30 April 11981, as.well..as during subVY
sequent modifications. Refer to Appendix 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 1ip liner and the
screen feedbox liner were installed. During the period from
30 April to 9 June, materials installed during the initial
treatment 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 had worn-
out and were remcved. T .

Noise measurements made on 9 June, after the installation
of the screen discharge lip and resilient screen feedbox liners; e

[showed an improvement-over _the 30 April measurements of 2 dBA at

‘measurement lccation 5, 2 dBA at location 6, and no improvement t L
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 locatiocns at ground level. oL

. Analysis of the data from medification 2, together with

on-site observation, led to the ccnclusion that because of cir- 3z
cuit conditions at Plant A, the bottom_.screen deck was also a . . ... .
significant noise source that\could be addressed by retroflt - 7
‘Resilient screen cloth was ordered s ‘ﬁéﬁg_ﬂ
Folgone L-Ll. Warcigel To0l Fage ThTa (Bl Mozat ;
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® 4/27 - BASELINE
95 | /@ 4/30 - TOP SCREEN DECK AND CONICAL HOPPER
- © LINER INSTALLED ‘
O 6/9 - SCREEN DISCHARGE LIP INSTALLED
-8 6/23 - BOTTOM SCREEN DECK INSTALLED
a0 L ] b 1 |
2h0 500 1000 2000 4000 dBA
OCTAVE BAND CEMTER FREQUENCIES (Hz)
" FIGURE 29. - Effects of retrofit treatments at Plant A - 3
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® 4/77 - BASELINE, .
O (6/9 - SCREEN DISCHARGE L1P AND CONICAL LINER .
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FIGURE 31. - Effects of retrofit treatments at Plant A -
Position 5 — beside crusher feed.
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Consideration was given to. enclosing the screen vibrator
unit since this was also a major ncise 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 enclésure that reduced the
vibrater noise and did not affect the mechanical performance of
the screen. An enclosure around the vibrator unit would have
retarded the radiant coocling 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 Jjacket
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
impreocvement noted after the bottom deck installation was a
1l dBA reduction at both measurement locations 5 and 6.

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

4.1.4 TFollowup Visits -

Followup visits to Plant A were made on 7 July, 26 August,
and 20 October 1981. By 7 July, the two discharge end panels
of the top screen deck had been replaced with AR steel plate. -
The resilient top deck (Figure 32) had processed 191,000 tons.-
By compariscon, 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 alsc replaced with steel
after processing less than 50,000 tons.

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

[ B8]

()
in

3]
n

)




Tom
-3

£ SN

) R
B

" PLANT A4 "
SCREEN FPANEL
TYR FEED FAND

~|9,000 NS

125

A}
- W
' e St mamia, \(‘,
U v 3
[

Y

IPH

>
W=

o



126

FIGURE 33. - Plant A ;{screen“side protection.

4
|

——

-

By -26 August 1981, the top screen deck had been completely
replaced with steel. Screen feed chute liners {(Figure 34) had
also been replaced. The screen feedbox liner (Figure 35) was
showing wear after procéssing 165,000 tons, but appeared to
still have approximately 50 percent of its original life

remaining.

The final followup 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.
Beth, 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.
.one-third, however, has worn down to the s

The bottom
teel reinforcing wire.

The bottom screen deck cloth, shown in Figure 38, needed
replacing at 212,090 tons. The life of the bottom deck was

approximately the same as the life of wire cloth.
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DROP OFF FRECH THE
CHUTE IMPACT PAD
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FIGURE 35.

“_FIGURE 36.

Plant A

screen feedbox liner.
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Plant A - conical hopper liner.

- 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
Re51l1ent 1mpact rpad in the screen feed chute
ReSLllent conlcal llner in the crusher feed hopper
Resilient screen feedbox liner ‘ o

Resilient screen discharge lip liners

Resilient bottom screen deck.

All 1nstalled materials were steel reinforced urethane fabricated éf?
by [Durex Products,. Inc.. -
\ —

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' assessedl e

1)

[nt

[N

s

[SF)

The premature fallure of thelr materials in this program has
caused Durex Products, Inc. to reevaluate the use of urethanes in
coarse material handling circuits. - They have concluded that the
bast performance from urethanes is obtained when used in circuits .
processing minus 1-1/2 in., material and their use !with +1-1/2 ik éff
in. material should not be recommended.  Durex now recommends - |
screen cloth made of rubber laminated to steel plate. New cloth
has been furnished to Plant A for replacement of the top deck; how- ||
ever, no performance data was available for 1nclu51on in this report
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4.2 Portable Plant B - N01se Control Treatment Effectlveness,

The retrofit treatment installation at Portable Plant B was |
initiated on 24 March 1981. Prior to the installation, new base- -
line noise levels were monitored at specified locations as reported.!
and shown in Figure 39. The measurement locations included four  _;
locations to represent typical cleanup areas (3 to 6 in Figure’ 39) -

and three locations next to the major noise sources (1, 2, and: 7 s
in Flgure 39). All measurements during followup visits to Plant B__
were made at the spec1f1ed locations. -'F

oLl v E To. fold FZoa Uitie [Fr o Time) IR

”“Table 25 presentS“a chronology of the retrofit: 1nstallat10n
and modlflcatlons and the schedule of followup visits between the -
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period :of 24 .March ‘and 21 Qctober 1982. Circuit conditions are
briefly described as well as a summary of the observed deteriora=-
tion of the installed treatments.

- PR N s o om =

4.2.7 "Tnitial Treatment

Tt

During the initial treatment installation on 26 March 1981,

;the following materials were installed:

Resilient screen feedbox linings
Resilient top deck N
Resilient screen lip

Resilient liner in the crusher feed hopper

Resilient crusher feed plate

[ T (I © PR O TR & B 41

Resilient screen wing liners.

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 £t from the screen discharge

~lip. A 3 dBA reduction was observed at measurement location 5,
which is at grcund level near the screen. Little or neo improve-

ment was recorded at the other locations.

Figqure 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 octave 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

Cn 9 April 1981, the crusher floating feed cone resilient-
liners were installed. Between 26 March and 9 April, the screen

wing liners had become lcose due to failure of the mounting studs..

The  wing liners were then bolted in place. Addition of the feed
cone 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 operator-s positions  (measurement locations 3 through 7). ;

Figure 41 shows the octave band noise levels monitored at posi-
tion 2. As can be seen, the-_addition.of_the crusher feed cone
liners significantly reduced the sound pressure levels in the

11000 to 4000 Hz octave bands. Similar reducticns are ev1denced“
at measuremen;_igggtlon 5 as shownhig Figure 42. Data for lo-

/w |

N

ATy

[E
[l

T . T
cation 3 @re shown in Figure 43, : b

[
(i

,-_h

1

[’
L&
]




134

10
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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 feéd cone had broken loose and passed
through the crusher. The decision was made to enclose the
crusher shell while waiting for the. replacement segments., Noise
measurements performed after the! curtalnTlnstallatlon 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 feéd cone liner segments. The effectiveness of
these treatments on reducing levels at typical operatlng p031tlons,,,
is shown in Flgurew43 for measurement p051tlonr3. Observation - of.ﬁﬁ?
other installed materials indicated that the screen 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%,\

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.

Noise measurements performed on 21 October indicated little
degradation of material performance at plant operating locations
(measurement locations 3 to 7). Total noise reduction ranged -~ | .
from 3 to 7 dBA at the 5 locations. ol ’

. ___ By 21 October, most of the resilient materials were stlll,‘,Ki\W
‘showing minor wear. Figure 44 shows the resilient top screen | .

]deck wing liners, and the crusher feed chute liner as viewed =~ = ¢
from the screen feed chute. A closeup of the feed end of the
screen (Figure 45) shows some wear on the screen deck arcund the o
screen openings and the countersunk bolt holes. An additional. i R
closeup of the screen cloth is shown in Figure 46. K ' B

)

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
,0f the screen dlscharge llp liner is evidenced; however, it was . R
felt that the Tiner had not and would not degrade to the point = S
of replacement in the near future. /

.

(I
Lo

By 21".0ctober, the original resilient crusher feed plate, stk
supplied undersized by Trelleborg, had been replaced. The worn- / -
out feed plate is shown 1n Flgure 48 . As can be seen, the 35
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| problem—with—the—original plate was caused primariliy by failure- of [‘
| the material between the bolt holes and the outside diameter of

Y
L
L

{the plate. The replacement plate. (shown in Figure 49) was manu- .
! i%%gured 3 in. in diameter larger. By the flna} followup visit,
4~ﬁhe new plate had only been in service for 4 week s.

| T

PR ! =

~—The curtain installed around the crushér shell is shown in | - 7.~

“\Figure 50. During the final visit, little, if any deterioration] !

tof the curtain could be observed after 3 months of operatlonPF“L

J‘ .
IECI 4.2.5 Summary

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

—

Resilient screen feedbox liner

Resilient top screen deck

Resilient screen wing liners

Resilient screen discharge 1ip

Resilient liner in the crusher feed chute
Resilient crusher feed plate

Resilient crusher feed cone liners

o0 o 0 QoW

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
, around the base of the plant. These reductions_have resulted in

Kan Zverage doubling of the allowable exposure time for plant | L
loperating personnel. _ . ——— ' s

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 predlct, the
vendor has guaranteed the llfe 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 installed on 25 November 1980. Noise measurcments performed.. -
after the installation indicated that noise levels inside the T

{1
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e /8N
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FIGﬁRE 49, - Plaht B - crusher feed area.

Nt

Flovra T Yamtoocu o < 2ags Yozle (S dmrel .
B " FIGURE 50, - Plant B -~ crusher noise curtain.’ 33
wecoisrs TyoLlat
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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 Tabley26

A view of the booth 1nter10r showing the prlmary crusher ~ ﬁ

. operator during normal plant operation is shown in Figure 51. U

4

\

p

actual installation costs in manhours expended for the retrofits.

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 noise levels .and the WQEERBEEEE}CeS of the
operator. By 21 October 1981, the last followup wisit, ! n01se
levels inside the booth were still less than.B80 dBA and no
deterioration in the physical condition of the booth had occurred.

4.4 Plant A and Plant B Treatment Costs

Table\27 27 ,presents the noise control treatment costs for Plants
A and B. Costs include actual capital costs in 1981 dollars and ,;/

v G

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.

Plant A resilient screen panels cost $0.03 per ton processed
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tﬁg§—EEplaced Plant B resilient screen panels are still in
‘service with a guaranteed life of 1,500,000 processed teons or
| about! 3atimes the life  of steel plate. If the guaranteed life al
is réached, the cost will be $0.0049/ton processed which will !-_
be competltlve with steel pleEe_ﬁggkat lower noise levels. \

Treatment costs were held to about 5 tao 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- o
ence that reasonably maintained portable operations invest approx-.
imately that amount annually in the <{tems addressed by this pro-
gram plus wear materials. Often these costs are hidden by
spontaneous makeshift repairs, or new replacement parts (for - .

‘example, new floating feed cone assembly, new feed plate, etc.)
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FIGURE 51. - Plant B - primary crusher control booth. //?K"”fﬁ
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"Indeed been met.- ' -The performance:versus cost of “the rubber ele—:

‘but the costs are there nonetheless. If these items are equally :é
icost—effectlve with their AR material counterparts and alsogatten—%

uate the ambient noise levels, then the goals 'of the program have H

ments designed for the retrofit portion of this program has led -
Foster-Miller to the conclusion that there are reasonable economics |
in ret;pﬁ;t.npieent;ga§mentxﬁggﬁpertable plants. 1
New portable plant cost-tradeoffs are possible. The substi- T
tution of resilient materials for—the currently—used AR metals by 5
the OEM might have a minimal first-cost impact but will poten- )
tially improve the plant maintainability. When a new plant is T
being manufactured, resilient materials can be incorporated in & e
normally hard-to- reach component .or. chassis areas. Addltlonally, ‘
material transfer points. often(can begaddressed by standard design --
practices without increasing costs to the “tistomer. The basis’ for -,
lthis type of cost-effective noise treatment program has been estab— |

llshed with this research. : 4 -2
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Care was taken not to adversely affect the perrormance of the
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‘L.l B®2..00 07 5 CONCLUSIONS -AND RECOMMENDATIONS

L

iy

farzyratr s oo . 5.1 Conclusions <

: Treatment techniques employed the use of advertised com- )
merc1ally available resilient wear materials that could be ap-
plied practically by both the smallest and largest operations. :
Treatment costs for the portable plants were kept to about 5 to -
7 percent of the purchase price of a new 200 tc 300 ton/hr plant e
Reasonably maintained plants invest-this amcunt annually to
keep the material handling  and transfer,p01nts,ln good shape. 2
S
comminution circuit or the eguipment utilized in the circuit. 3
The achieved wear performance and noise reduction versus the " )
cost of the rubber products utilized during this program have .  -*®
led Foster-Miller to -.conclude that retrofit-noise modifications: 3
can be economically applied te portable plants. a
! B
It is also reasonable to assume that new portable plants £ T
can 1ncorporate this technology into thelr manufacturing process
and address" add1t1onal noise sourcest® ‘A" retrofit program_can T - -
only ; address field-accessible areas, but new plants can be de- i
51gned and fabricated to incorporate resilient materials for ‘
improved wear and ncise control. New plant cost-tradeoffs are .
possible when wear-resistant resilient materials are substituteg
for AR metals. The ]ustlflcatlon for incorporating cost- <
effectlve noise treatments in portable plants, without sub- ':
stantlally affecting productivity in the secondary circuit, haS~
been established with this program.

hN nNOONY
g

nJ

[
s

5.2 Future Research Recommendations ‘f: 25

t ‘The mining community is cost:and production-sensitive. More ©
objectlve research is necessary to provide credibility for the ; 27
use of resilient materials as a reasocnable substitute for AR o
petals and woven wire cloth. This program addressed secondary r
crushing/screening plants which were essentially scalping a A
dry, coarse product prior to seccondary crushing.

5 5.2.1 Screening Efficilency o

__Normally, secondary plants are not productlon sensitive. ané

Y
the TUse Of resilient screen decks with coarse\openlngs usually does S

pot affect the circuit. However, tertiary and guarternary stages a4
can be dramatically affected by using resilient cloth. The inherent
H -

L
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the reductlon in the screen deck's percentage of open area.

i

& resilient cloth as the screening media suggests to the industry

+ that a larger screen is necessary to process the same amount of

' material effectively. The screening efficiency of substitute

€ resilient cloth versus wire cloth should be explored further

g before a recommendation is made that resilient cloth is a viable

" noise control technigue, especially in tertiary and ouarternary"
1% plants. -
> i . 5.2.2: ‘Wear Materials-it.7. =

g o .
13 ¢ The wear properties of resilient materials have:only been

touched on in this program, This report has presented both the-

14 success 5s and failure of different materials used in the processrnq
15 Jof a~ haro__grzL coarse granite. A wet-screening operation proc-
:H}‘7e881ng limestene or sand and gravel could produce different

results... 1t . 1s-necessary to perform either -ar obwectlve, ctatle—‘

tlcally representative sampling of the industry covering.the
actual uge of’ re5111ent materlals or_a_controlled. laboratory -

[
v

[
00 =3

of both urethane and rubber products

[
Y4

23 } 5.2.3 New Portable Crushing and Screening Plants i

pet
22 -
9 ‘ . The technigues employed in thlS program are directly ap- f

plicable to new portable plants. They can be incorporated and ;
improved upon when they are included during the de51gn and ;
fabrication of a new plant before it goes into service. Foster-
Miller feels confident that rubber products can be utilized in
the design of a new secondary portable cone crusher plant to
control the noise at both the sources addressed by this program- -
7*\ and at other normally inaccessible locations. Based on the .\
27|results of this program, it is reasonable to expect that the |
‘ technlques which have been demonstrated in this retrofit pro-
28 gram would result in both lower noise levels and reduced main- -.

29 tenance when applied to the design of a new plant,.
30 |
31 |
32 |
33 |
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_wear materlals test program in, ‘order” to corifirm” the' Wear propertlesg
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The results of the dosimeter tests are presented in Tables

© © APPENDIX A

DOSIMETER TEST RESULTS

TABLE A-1l. - Dosimeter results - plant A

Worker

Percent of allowable exposure

Plant Foreman

Cleanup Man

4G.81*

48*

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

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

Worker Percent of allowable exposure
Foreman 80%*
Primary Crusher Operator 325%

*Extrapolated from a 3-hr survey.

; TABLE A-3. - Dosimeter results - plant C
Worker !_ Percent of allowable exposure
{
Primary Operator . : 26%
Secondary Screen; Operator 312%*

*Extrapclated. from 3-hr survey. .. --
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4

" "TABLE A*4. - Dosimeter results - plant D

- Worker.- - ..

Percent of allowable exposure

Quality Contrel and Cleanup.

Laborer

S133*

le3*

*Extrapolated frem 3-hr survey.

TABLE A-5. - Dosimeter results - plant E

Workexr

Percent of allowable exposure

Plant Operator

Cleanup Man {(also drives haulage

trucks)

CSLE L

251%

*Extrapolated from 6-hr survey.

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

Worker

Fercent cf allowable exposure

Cleanup Man - Primary Crusher

General Cleanup Man

412%

399*

*Extrapolated from 3.3-hr survey.
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; - TABLE A-7. - Dosimeter survey results - plant H

! {

1 [

Worker- LR Percent of allowable exposure
Plant Operator ;L 188%*

"' .

| Plant Supervisor 21%*

|

{ '

i

{ *Extrapolated from 3.3 and 4.2-hr surveys, respectively.
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plants A through H are presented in Tables B-1 through B-8.

- APPENDIX B

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

The results of the A—Weighted noise level surveys for

TABLE B-1. -~ A-weighted noise-levels-- plant A

Measurement Level
location (dBA) Comments -
1. Outside main operator's booth 92
2. Ingide operatoxr's booth 73
3. Secondary module
a. On the ground at secondary 96
screen conveyor discharge
p. On the ground at the 28
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 coperating
secondary crusher
4. Texrtiary module
a. On ground at tertiary 95
screen discharge
b. 'Same as a. but without 92
.. feed
c. Cn 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

ke
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TABLE B-2. - A-weighted noise- levels ~ plant B
; ' ‘.
Measurement . Level
location. (dBA) Comments
1. Jaw crusher
a. On catwalk over jaw crusher .
feed - . _ 101
b. Inside jaw crusher operator .
booth ‘ 85
2. Secondary module ‘
a. At tail pulley of secondary : - ]
crusher discharge conveyor 96 Normal cleanup area S
b. At hydraunlic adjustment - ]
panel for secondary crusher 94 5
c. On catwalk beside secondary ’
screen 113 Workers did not spend
d. Over secondary crusher 108 time here while plant -
was operating i
3. Tertiary module - J
a. On ground at tertiary
crusher discharge 101 Normal cleanup area '
b. At hydraulic adjustment )
panel for tertiary crusher 96 .
c. On catwalk beside tertiary :
screen : 106 Workers did not spend
d. Over tertiary crusher 108 time here while plant -
was oberating e
4. Mzain operating booth f
a. Outside 94 . 1
b. Inside 71 .[
Figute Ll Weriinal 2o czgs O z 81t Mzre
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noise levels -~ plant C
Measurement Level
location (dBA) Comments
1. Jaw crusher
a. Over jaw crusher 108
b. Next to jaw crusher o
discharge 100
o ¢. Inside operator's booth 83
2. Secondary screen tower )
a. Between two screens - T 106 Screen operator spends
b. Beside one screen 106 entire shift on this
c. Inside secondary screen tower
control booth 95
3. Tertiary crushers
a. Over tertiary crushers 101
b. At second stage screen
discharge chute 102 )
4. Tertiary screen tower -
on catwalk 101
5. Fourth stage crusher discharge -
chute 92
6. Outside main control building 87
Tigura -1, vVertocs Tun Pace Title (8t Hare)
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TABLE B-4. - A-weighted noise levels - fﬁaﬁ'{"d W

had
[$3] om

™)

W

(0

135}

|
Measurement - | Level e ‘
location (dBA) . Comments
|
Jaw crusher S i o {
a. On catwalk over primary ;
crusher - : 105 - \
b. 1Inside primary crusher &
operating booth 80 \
\
Secondary crushing plant
a. At feed to secondary -
) crusher 115 ]
b. On catwalk next to |
secondary screen 108 B j
c. DBetween secondary and -~ N
tertiary plants 91 - l
|
|
Tertiary plants (crushing
and screening are separate} {
ST |
a. At tertiary crusher feed 103 _ ;
b. ©On catwalk, tertiary screen ‘
tower 107 \
c. At rock box and discharge :
chute at base of tertiary’ )
screen 102 ’ k
‘J_,‘
T‘:Lg__::: —_ . \"'s-":« '.’:.8.: :u__'_ DG"-J‘E T,‘L_,_(‘_‘- Cg; L ::\E_'_*;

[

o

N

N



‘ d noi

se levels -

TABLE B-5. - A-weighte

"§IEEH?TE_~_"_—__'7

- Measurement Level
' location (dzn) Comments
;i -
: } 1. Primary crusher .
. o
o a. Over primary crusher feed 95
- f k. 1Inside primary crusher - N E
'71 control booth 71
ll
: [ 2. Secondary module |
=t [ a. At base of crushing and i - w
S R screening..module 99 - ] ]
1 L. On operator's platform 110 |
- ‘ c. At bin adjacent to operator 103 ,
R d. Platform at secondary
N \ . screen 113 A
it w 3. Tertiary crushing module .
- |
Rt a. On operator's platform 104
p f b. Base of crusher module a1 -
=2 || 4. Platform near tertiary screen,
oo on tower 110
B [, 5. Blending bins
o a. Near bin coarse blending survey of these bins
PATEN area 100 was requested by the..
27 ] b. ©Near bin fine blending plant operator
o area 90 :
" , c. Inside bin operator heoth -
Tz door open 88
. j d. Inside bin operator booth -
- door closed 75
SIS —— —
» e e ree e e e e m e i e - o imas
34
33
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\ TABLE B-6. - A-weighted noise levels - plant F T
~ Measurement Level
location o {dBA) Comments
1. Primary crushers (2) .
: a. Outside primary crusher - ..
operator's booth ag .
b. Inside primary crusher ‘—~
operator's booth 72 |
¢. Outside electricians \ -
shelter, near primary J -
crushexr o L | -
2. Tertiary cone crushers }':
a. At base of 4-1/4 ft -
secondary crusher 104
b. Catwalk between the
4-1/4 £t and the 4-ft
crushers 100
3. Secondary impact c¢rusher -
a. Next to crusher 104 Z7
b. Clean up area at base t;
of crusher 100 o
4. Williams impact crusher -
a. At base of Williams Ly
Impactor 87 |
b. Operator platform 94 -
5.- Main screen tower i -
a. Near A.C. 6 ft x 16 ft ol
screen 110
b. At transfer chute 106 .
6. Tertiary screen (8 ft x 20 ft - -
Tyler) HE
. a. Catwalk next to screen 100 -
! b. Base of screen. 95 o
_— - = — —7
Trocies cizt
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T_:I‘AELE B 7 - A—welghted noise levels - plant G

Measurement Level

location {dBA) Comments
a. Operator's stand 102
b. Cleanup area under
primary crusher 29

c. At transfer conveyor g2

2. Secondary module

a. On catwalk next to

secondary screen 109
b. Under crusher platform 106
c. Under screen deck and
secondary crusher 102 -~

3. 50 ft from both primary and

LEM)

E 1. Primary crusher
|
|
!
I
|
l
|
f

secondary a0 _;‘

WEABLE B 8. - A-w;ghted noise levels plant H\

(K44

[\8]

b

Measurement o ' Level
locaticn ’ (dBA) Comments
1. Primary crusher

crusher 100
b. Transfer chute: secondary

crusher discharge to primary

discharge conveyor a1

a. ©On catwalk next to primary
2, Secondary crushing plant
t

‘ a. Operator's area above screen 101
) b. Inside operator's booth 93
i c. At secondary crusher 110 No one spends time here
d. Under secondary crushing
plant near cleanup area 92

i 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
module 90
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o B . APPENDIX C i

~ PLANT A AND PLANT B

Sound Pressure Levels Before and After Treatment
and -

A-Weighted Scund Levels:Befpre,Treatment

and Best Imprqvement;] -

— ——

=T

A P [ ——— JE N
| - Figures C-1 through C-14 present information for Plant A.

1 Figures C-15 through C-24 present igfq;@gﬁion for Plant B. X
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FIGURE C-3."

OCTAVE BAND SOUND PRESSURE LEVEL IN dB
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110 ~

'OCTAVE BAND SOUND PRESSURE LEVEL IN dB

FIGURE C=5. = Sound pressiire levelszbefore.and-aftér-ttreatment.
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FOCTAVE-BAND SOUND PRESSURE LEVEL IN dB
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'FIGURE C-8.
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A-WEIGHTED SOUND PRESSURE LEVEL IN dBA
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A-WEIGHTED SOUND PRESSURE LEVEL IN dBA
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OCTAVE BAHS SOUND PRESSURE LEVEL IN dB
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FIGURE

OCTAVE BAND SOUND PRESSURE LEVEL IN dB
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FIGURE C-23.

A-WETGHTED SOUND PRESSURE LEVEL IN dBA

110

100

9C

80

70 -

60

50

40

30

PLANT B - LOCATION 1 O
L ”-p' \q A"
BEFORE RETROFIT o N
(MARCH 24, 1981), - / _
MAXIMUM IMPROVEMENT ‘
(MARCH 26, 1981)
| N 1 L H 1 1 J -
31.5 63 125 250 500 1000 2000 4000 8000
OCTAVE BAND CENTER FREQUENCIES IN Hz T
- A-weighted sound levels before treatment 33
= ' VLol and bestCimprovementtic sz, 1z

TY0LE D




185

110 PLANT B - LOCATION 2 = ‘
BEFORE RETROFIT | o
(MARCH 24, 1981) a
: ’ﬁ----o
100 |- - S |
F - |
90 | |

MAXIMUM IMPROVEMENT .
(APRIL 9, 1981)

80

70

60

A-WEIGHTED SOUND PRESSURE LEVEL IN dBA

50

40

30 | 1 L | 1 H 1 ]
31.5 63 125 250 500 1000 2000 4000 8000
OCTAVE BAND CENTER FREQUENCIES IN Hz . “dBA
FIGURE C-24. - A-weighted sound levels before treatment

and best improvement.







