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Dial Down Dust and 
Noise Exposure 
Opemtructuredesigms m y  lower worker arpowre l e d  inaggregab 

ities throughout the 
years. Although structure type and build- 
ing material were not viewed as signiii-
cant factors decting the health of em- 
ployees in these facilities when they were 
built, the National institute for Occupa- 
tional Safety and llealth (KIOSH) has 
found that building type can impact res- 
pirable dust and noise levels. NIOSH per- 
formed a study in which it evaluated 
three building types: masonry, an open- 
structure design, and a steel-sided design. 
This study indicated that an open-struc- 
ture des~gn (no wdls) was su&rior from 
both a dust and noise (health] standpolnl 
when compared to the other two struc- 
ture types. Therefore, companies may 
want to consider this design when build- 
mg new structures. 

and testlne 
Workers at mineral processing facilities 

may be eqmsed to high levels of res- 
pirable dust and noise, and NIOSH is 
constantly developing new techniques to 
lower these exposures. The vast majority 
of NOSH'S research throughout the 
years has been directed at source control 
techniques for a particular job function 
or work application.Although numerous 
techniques have been developed and 
shown to be effective, there has been very 
little technology developed to lower ex-
posures to multiple workers throughout 
an entire structure. 

One such study aimed at this more 
global approach was the total mill venti- 

Operations. 

M
any different types of lation system (Cecala, A.B.; Klinowski, 
structures and materials G.W.; and Thimons, E.D.Reducing Res-
have been used to build pirable Dust Concentrations at Mineral 
mineral processing fd- Procesn'ng Fanlihes Using TotalMill Venti- 

lation Systems. Bureau of Mines RI 9469). 
This system was shown to be effective at 
lowering respirable dust concentrations 
throughout an entire structure, thus im- 
pacting all the workers withii the facility. 
A total mill ventilation system consists of 
a number of exhaust fans placed on the 
roof or high exterior walls of a structure 
to Induce a ventilation flow pattern up 
through the building. Respirable dust re- 
ductions ranging from 40 to 65 percent 
were recorded in a number of field stud- 
ies evaluating this system. 

The structural design study provided . . 
the impetus for examTning more global 
techniques that could impmve tlie health 
of numerous workers within a faciliv. 
The intent of this effort was to determine 
the potenhd impact of dust and noise 
levels when comparing three different 
types of buildings used in mineral pro- 
cessing operations. 

A test plan was established to provide a 
valid comparison of respirable dust and 
noiselevels at the three diierent types of 
structures evaluated in this study: ma- 
sonry, an open-structure design, and a 
steel-sided design. Respirable dust meas- 
urements were taken at numerous loca- 
tions at all three facilities using both in- 
stantaneous and gravimetric dust sam- 
plers. Noise measurements were taken to 
determine the spatial distribution of 
sound levels in the structures. To mini- 
mize background noise, plant operations 
were suspended while acoustical tests 
were conducted. Tests to measure the 

acoustic environment were performed 
using an external sound source with a 
known sound power level. A s i d c a n t  
factor affecting respirable dust and noise 
levels in these facilities was the produc- 
tion rates, and thus production levels 
were closely tracked at all three facilities 
during this study. 

swucmes-
AN of the structures evaluated in this 

study were processing silica sand materi- 
al. Structures 1,2, and 3 were masonry, 
open, and steel-sided struculres, resp&- 
tivcly. All three structures were involved 
with product sizing; with structures 1 
and 2 using the screening technique and 
structure 3 usingthe air separation tech- 
nique. Acoustical evaluations were only 
performed in the first two structures 
since penonnel and budgetary rebrric- 
tions did nut allow for testing at the third 
facility. I\ brief description of all threc 
structures follows. 

Figure 1. Dust and noise sampling instrumenta- 
tion setup at the masonry structure 
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Structure 1:Masonry. This structure 
was a nine-story building with steel 
framing and a masonry hlodt construc- 
tion. It was a three-tier design with a 
depth of 32 feet for the entire stru~iun.  
The first tier was approximately 50 feet 
high and 33 feet wide, the second was 
63 feet high and 25 feet wide, and the 
third tier was 108 feet high and 42 feet 
wide. This third tier sat on 50-foot-high 
product storage silos for hulk loading, 
making the actual inside height of the 
building 58 feet. The volumetric capaci- 
ty of the structure was calculated to be 
204,000 cubic feet. Figure 1 provides an 
overview of the structure with the sam- 
ple locations for both dust and noise 
measurements. 

Structure 2: Open. The open struc- 
ture was a four-story steel beam frame- 

feet long, 65 feet wide, and 25 feet high. 
A 15- by 15- foot tower extended up 
out of the center of the structure an ad- 
ditional 22 feet. The volumetric capaci- 
ty of this building was calculated to he 
238,000 cubic feet. Figure 3 shows the 
dust sampling locations at thisfacility. 
Again, no acoustical evaluations were 
performed for this structure due to 
budgetary constraints. 
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Results 
Table 1provides a comparison of 

these three structures based upon the 
average respirable dust levels measured 
w~thboth the instantaneous and gravi- 
metric dust sampling instrumentation 
during four days of testing. The instan- 
taneous measurements were based up- 
on around-the-clock testing to mini- 
mize some of the shift fluctuations and 
var~ations natural to a dynamic envi- 
ronment, whereas the gravimetric re- 
sults were single-shift measurements. 

With any dosed-wall structure, nor- 
mally there is an increase in dust levels 
as one moves up through the structure. 
This was the case for structures 1 and 3, 
with dust levels generally increasing at 
each level. This occurs because the me- 
chanical ventilation pulls the dust up 

work with no walls (interior or exten- 
or). Figure 2 shows a monitor being in- 
spected by a researcher at thii open-
structuxe facility during testing. This 
structure was 46 feet long, 22 feet wide, 
and approximately 75 feet highDust 
and noise sampling locations were at 
similar positions to those used in the 
masonry testing. It should be noted that 
the dust and noise tests were performed 
at different times because of scheduling 
conflicts between the various re- 
searchers. 

F~gure 2.Open-structure design used in test. 

Structure 3: Steel-sided. The steel-
sided structure evaluated in this study 
was a five-story building. Unlike in 
structures 1and 2, both product uush- 
ing and sizing were performed in the 
same building. T w r w m  J30 

through the building, aided by the ;at- 
Flgure 3. Dust and nolse sampl~ng at the ural ventilat~on of heat generated £tom 
steel-s~dedstructure. equipment and work processes induc- 

Table 1. 1 

Sample Location RAM-1 Monitor Dust Concentration Gravirnetric Dust Concentration 
(rnglcubii metric) [rnglwbic metric) 


First Floor 0.06 0.02 

Third Floor 0.10 0.04 

Fifth Floor 0.23 0.16 

Seventh Floor 0.42 0.29 

Ground Floor 0.06 


tlm rloor -Norm 

F~rst Floor -South 

Second Floor -North 

Second Flwr -South 

Third Floor 

Th~rd Floor -Ya Floor 

First Fir- Yorth 


First Floor -South 0.45 

Second Flwr 1.01 

Third Floor 2.22 

Fourth Floor 3.61 

Fifth Floor 2.12 


Cornparlson of average resp~rable dust concentrattons for the three product sizlng structures 
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ing a convecting upward flow. 
The one exception to this dust in-

crease was at the fifth-floor sampling 
location for structure 3, as seen in the 
breakout drawing in Figure 3. A fan lo-
cated a t  the top of the structure pullkd a 
good portion of the supply air from the 
open door on the opposite side of the 
tower at the fourth floor. As the air 
came in from outside and swept across 
the tower to the fan, it traveled across 
the fifi-floor dust sampling location. 
Although this had a positive impact on 
lowering dust levels at the fifth-floor 
sample location, this is not an effective 
ventilation flow pattern for the entire 
structure. Dust levelsbelow this fifth-
floor location were not well ventilated, 
which caused respirable dust concentra- 
tions in this area to be elevated, 

One significantbenefit from the 
open-structure design in structure 2 
was that there was no dust gradient as 
one moved up through the different 
floors. Instead, dust levels varied slightly 
from floor to floor at thisopen struc-
ture with no consistent pattern. In addi-
tion, respirable dust levels were ex-
tremely low as compared to levels meas-
ured at.the other two structures. It 
should be noted that no visible dust 
plume was ever observed flowing h m  
this open structure during the entire 
evaluation period The minimal 
amount of dust that was not contained 
by the primary dust control systems at 
this operation migrated from the struc-
turebased upon the prevailing wind 
direction and speed,This dust was 
quickly diluted to undetectable levels 
within a close proximity to the struc-
ture and should have no impact on 
other plant personnel, nearby cornrnu-
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Th15overview shows the resulb of comparing noise in walled and open structures. 

nities, or the environment. 
In an effort to give a more accurate 

comparison of the three structures, a 
normalized dust concentration was cal-
culated for each operation based on 
production levels. Table 2 provides the 
dust concentration based upon an 
equivalent production rate for each fa-
cility. The results from these normalized 
calculations further indicate how effec-
tive the open-structure design was at 
minimizing respirable dust levels. This 
comparison shows that, when normal-
ized for equivalentproduction levels, 
respirable dust levels at structures 1and 
3 were 4.3 and 1,379 times higher than 
respirable dust levels measured at struc-
ture 2, respectively. 

The noise testing results are from the 
octave-band sound pressure level (SPL) 
measurements taken at the masonry 
and open-structure sites. The sound 
pressure lwels are based upon the dis-
tance and sample Iocation relative to 
the noise source located on the ground 

Structures Dust Production Normalized DustI Concentration Rate Concentration 
mglcubic meter tannage 

'I Masonry 0.20 5,437 3.7E-54 open shcture 0.06 6,905 8.7E-6
11 Steel-Sided 1.87 160.5 1.2E-2 

Calculated respirable dust concentration per ton of product processed for three structures 

floor. Figure 4 provides an overview of 
these results. This graph shows two rep-
resentative sampling locations in struc-
tures 1 and 2. The first location was one 
floor above the noise source, 28 feet 
away in the masonry structure and 27 
feet away in the open structure. The 
second Iocation for bath structureswas 
two floors above the noise source (third 
floor) and approximately60 feet and 56 
feet away, for the masonry and open 
structure, respectively. Comparing the 
dark blue bars to the red bars and the 
light blue bars to the pink bars visually 
indicates the reduction in noise levels 
with the open-structure design when 
there is no noise being reverberated 
from the w d s  of the structure. There 
was a 4.3-decibel average reduction for 
all the frequency ranges with the open 
structure when comparing the second 
floor sample location, and a 6.7 decibel 
reduction for the rhird floor sampling 
location. 

Discussion 
The study results provide only a 

m a l l  picture of the respirable dust and 
noise levels, and other measurements 
taken during another time would pro-
duce differentlevels. Nevertheless, con-
sidering the data, the m s t  effective 
structuraI design of these three building 
types was the open design. Respirable 
dust concentrations were significantly 
lower because the environment acts as 
the best source of ventilation to dilute 
and carry away dust generated and lib- 
erated during the product sizing 






