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ABSTRACT

At the Pennsylvania Glass Sand Corporation (PGS} Berkeley Springs, West
virginia, silica fleur plant, two dust suppression techniques were evaluated.
These techniques were: 1} injection of the agglomerating agent, Deter(g),
into silica sand, and 2} bulk loading of silica flour under local exhaust
ventilation control. Envaronmental tests indicate that hoth of these methods
are effective in reducing and contreliing dust exposures. The use of
Deter¢r) reduced dust emissions by &7 percent (¥} during the bulk loading of
railroad cars. During the bulk loading of an enclosed hopper car using local
exhaust ventilation, dust levels were of the same magnitude as ambient
background levels. This indicated minimal leakage of dust from the railrcad
car to the general enviranment.

The combination of good engineering design, good housekesping and work
practices, and an excellent respiratory protection program have generally
provided good dust exposure control at this plant. Additiocnal recommendations
are presented to improve the effectiveness of these procedures and programs.
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INTROCUCT ION

A.

Purpose of Study

A Cantrol Technology Assessment {CTA) of the Silica Flour Industry
was conducted by the Nationzl Institute for Occupatiocnal Safety and
Health (NIGSH) at the reguest of the Mine Safety and Health Admipi-
stration (MSHA) 1in copperation with the Bureau of Mines {BOM) and the
National Incustrial Sand Association (NISAY, The main purpose of
this CTA was to evaluate lnnovative conirol strategies to reduce dust
dispersion during the milling, packing and transfer of silica flour.
Three silica flour mills were investigated during this study.

This report presents the findings, observations and recommendgtions
for the July 1580 study at the Pennylvania Glass Sand Corporation
{PGS) plant in Berkeley %prings, west Virginia. At this silica sand
and flour milling facality, two dust suppressant technigques were
evaluated for dust control effectiveness., Thase were:

1} The use of an aggleomerating/foaming agent, Deter(gg, which is
sprayed into whole grain sand during ifs transfer through the 0ld
Scereen Tower Building, -

2} The bulk loading of silica flour into enclosed hopper cars, with
fugitive dust emissicns controlled by exhaust ventilation.

Scope of Study

Evaluations of atmaspheric dust concentrations, ventilation control
systens, work practices and gther dust contrgl procedures were
canducted 1n the following areas:

1) Super-silipy Area, New Screen Tower Bullding {NSTB}:

a) the fillirg of 100 pound bags with Super-sil(gy silica
flour (120 to 325 mesh) on a four spout St. Regis packer.

b} the palletizing of bags of Super—sii(ﬂ) flour prior to
doading on trucks.

2) Minu-silepy (10, 15, 30 micron) Area, Pulverizing Building
(P3):

the filling of 50 pound bags with Min-u-silip, (10, 15, 30
micron} flour at two single spout, Black Products, packers.

3) Min-u-siligy (5 micron) Area, Micron Bullding (MB):

the filling of 50 pound bags with Min-u-silggy (5 micron) flour
at a one-spout S5t. Regis packer,
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4) Bulk loading (rail) Area, Pulverizing Building (r8):

the bulk loading of Super-silip) flour into an enclosed
rallrpad hopper car.

-

II. STuDy FROTOCOL

+ nl

Evaluation Criteria

The principal material investigaeted in this study was crystalline
s{licon dioxide (often referred to as crystaline free silica or
silica). Silica may be present in at least three crystalline forms,
alpha quartz, cristobalite, and tridymite; and 1n several amorghous
{non-crystalline) forms. 1n this study, only significant amounts of
alpha gquartz were present in any of the final products or aitheorne
dust samples. Therafore, all references to silica dust
concentratians refer to the respirable fraction of crystalline guartz.

The MSHA standard, or Permissible Exposure Limit (PEL) for respirable
crystalline silica (quartz), which is applicable 1n metal/nonmetal
mines and mills, is contained in 30 CFR (Cocde of Federal Regulations)
Part 57. The FEL pertains specifically to the 8-hour, time weighted
average exposure to employees. However, in thas report, i1t 1s used
as an environmental criterion to evaluaté the effactivensss of the
controel technigues under investigation. For respiracie dust,
containing silieca, the FEL 1s determinmed by the egquation:

PEL = 10 milligrams per cubic meter of air
% Si1lica + 2 {mg/m>)

For 100% silica dust (respirable) the calculated PEL is approximately
equivalent to 0.1 mg/m® (or 100 ug/m°} of air.

Process Description

Milling

At this facility, the annual production exceeds one million tons of
whole grain sand. Of this production, 250-300 tons of sand are
comminuted to silica Tlour, as either Super-sil(gy or

Min—u-51l(R) products. The sand to be comminuted 13 dry ground in
one of six pebble mills, operating 24 hours per day, in the
Pulverizing Building, Figure A. Fach pehble mill 1s an
Allis-Chalmers unit, with silex block limers, using flint pebbles for
the grinding media. The mill discharge 1s sized through a Sturtevant
alr separator, into 12 products (8 Super-silyp) and &

Hin—u—sil(R)) and transported to storage 51103 by screw conveyors.
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Packing and Shipping

5ilica flour is shipped by bulk (85 to 90%) and by paper bags
{10-15%) . Super-sil¢g) flour is bulk loaded from the Pulverizing
Building into closed hopper cars (rail and truck} directly from the
storage silos through filler hoses. In the New Screen Tower
Building, Super-sil¢ry flour is bagged into 50 or 100 pcund bags,
ausing a St. Regils four-spout packer. The bags are transparted an an
enclosed chain conveyor, to the stacking area, Figure B. Three
employees stack the bags on pallets, which are moved by forklift into
trucks or box cars. Normally, pallets are stacked one load high 1n
the trucks or boxcars. The packing crew consists of five men: one
packer, three pallet loaders and one fork truck leader..

In the Pulverizing Building, Min-u-silegy (10, 15, 30 micron) is
packed into 50 pound bags using two single-spout Black Products
packers. One employee Tills and hand stacks the bags on a pallet; a
second employee transports the pallets by forkiift to the storage
area in the Micron Building, Figure A.

In the Micron Buildinmg, Min-u-siligy (3 micron} is packed into 50
pound bags, using a cne-spout St. Regis packer. One employee hand
stacks the bags on paliets and forklifts them to the storage area in
the Micron Bullding. Subssquently, all Min-u-sil(R) products are
loaded by forklift inte trucks or box cars.

Normally, silica flour packing is performed during the day shift
(B:00am to 4:00pm). The bans consist of Kraft paser, 3 ply (2 - 50
pound plies and 1 - 60 pourtd plyl}, with the two 1nner plies being
perforated. The bags contain a pasted valve with a polyethylene film
lock sleeve, stepped end.

C. BDust Control Systems -

At this silica flour mill, a primary method for the control of dust
emissions is collection and containment by local exhaust
ventilation. A second control method :is the usa of good work
practices, including housekeeping. Other methods of dust control
include: process and eguipment modification, preventive maintenance
of process equipment, environmental dust suppression by road

surfacing and land revegetaticn, amd an effective respiratory
protecticn program,

ventilation Systems

Exhaust ventilation systems are used to capture point sotTce

emissions from the six pebble mills, the three packer stations and
the bulk leading stations. The captured dust from these operations
iIs transported by ducts to either Pangborn or American wheelabrator
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baghouses. Bags in the baghouses are pericdically cleaned by a
manually activated shake-put. Inspections and maintenance of the
ventilation systems are the responsibility of each building's
maintenance crew.

At the Super-sil¢my four-spout packing area, exhaust ventilation
heoods are attached to the packer, to the enclesed chain canveyor, and
to the floor grating at the conveyor discharge, Figure By At the
packer station, an overhead fan is used as part of a

push-pull methed of directing airflow from the packer cperator's
breathing zore (BZ) toward the exhaust hood. The purpose of the
ventilation an the enclaosed chain conveyor is to capturs, contain and
remove the loose dust from the surface and valve of the filled: hags.
Product spalls from bags broken during stacking are dry swept inte
the floor grating., The remaining product from broken bags 1s emptied
into the floor grating. The empty baqs are then stacked for later
disposal.

At the Min-u-sil¢gy (10, 15, 30 micron) packer, exhaust ecapture

hoods are located at each spout, Figure C. At the No. 1 spout, the
hood is located zlong the side of and 11 inches away from the fill
spout. A second hood 1s located directly behind the No. 2 spout. At
the time of this study, a plastic transparent curtain (consisting of
12-inch wide overlapping strips) was being installed arocund two sides
of the packer area. This curtain isclates tne packer area from the
rest of the Pulverizaing Building.

At the Min-u-s8il¢g)y (5 micron) packer, an exhaust hood iIs located
behind the fill spout and connected to a 4-inch duct, Figure D.
Product 15 fed through the spout by an auger feed system rather than
b{ a pneumatlc feed system which 1s used at the pther flour bagging
stations,

An exhaust ventilation system is also used to contrel dust emissions
gduring the bulk loading of silica flour into closed hopper trucks and
rallroad cars. Curing fruck loading operations, all hatches on the
hopper are closed except for the filiing hatch., Twe hoses,
approximately 12 inches i1n diameter, are placed into the filling
hatch. ©One 15 a product filler hose; the other is an exbhaust
ventilation hose, Figure E. The Tiller hose extends two Teet into
the open happer, while the ventilation hose extends.two inches into
the hopper. The purpose of the exhaust ventilation is to capture and
Temove the displaced air and dust during filling. This prevents dust
from escaping to the outside atmosphere.
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Exhaust ventilation is alsp used for dust comtrol during the bulk
loading of silica fleur into closed railrpad hopper cars, Figure F,
Each railroad hopper car consists of two compart- ments; each
compartment has four 20-1nch diameter hatches. Two 10-inch diameter
filler hoses, connected to a main feedline hy a deflector valve, are
placed into the two open hatches. Only one filler hose is used at a
time for hopper filling. A metal exhaust hood, connected to a
flexible gxhaust duct, 13 placed on the third open hatch. The fourth
hatch remains clgsed. The exhaust ventilation, 1n this system,
maintains a2 negative pressure within the hopper car, creating an
inward flow of air. Thus, the airborne dust is captured before
escaping to the outside atmosphere. The effectiveness of these
ventilation control systems, work practices, protess modifications,
and respiratory protection programs is discussed in Section v.

study Design andg Evaluation Procedures x

At the time of this study, the dust agglomerating agent, Deter(r),
was belng used for dust suppression an the sand system only,
Therefore, envirormental data, obfaimed by PGS, were reviewed to
evaluate the effectiveness of Deter(r) in reducing dust emission.
PGS also plans to test the effectiveness of Deter(r) for flour dust
suppression.

Atmospheric dust evaluations were made by NIGSH to measure the
effectiveness of the dust centrnl procedures at three flour packing
palletizing, beox car loading and bulk loading operations,
Gravimetric dust samples were collected during two cays of operation
under normal operating conditions. The effect of outdoor dust
contaminaticn on 1n<plant exposure levels was estimated by

collecting air samples upwind and dowrwaind of the New Screen Tower
Bullding.

Respirable dust samples were collected by two types of sampling
systems:

1) The MSA Gravimetric Dust Sampler. Integrated air samples
{several hours 1n guration) were collected and analyzed both
qualitatively for silica, and guantitatively for total dust and
silica dust (by weight).

2) The TSI Respirable fAerosol Mass Monitor, Model 3500. This
instrument directly measures particulate concentrations.
However, its usefulness was limited, since its detector dees not
differentiate between silica particles and other mineral dusts.

Discussions of the operating characteristics and specifications of
these instruments and the procedures for totzl dust ang silica dust
analysis are presented in Appendix I.
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Ventilation measurements and air flow patterns at the work areas
under investigation were evaluated with a Kurz Air velocity Meter,
Model 441 and Gastec Smoke Tester Tubes,

III. STUDY RESULTS

A.

Atmsopheric Dust Congentrations

L]

Table 1. and Figures G and H show the results of atmospheric
evaluations for total dust and silica dust, collected by the MSA
Gravimetric Dust Sampler. Two days of packing, palletizing, and
loading Super-51l(gg (120-325 mesh) and Min-u-sil¢gy (10, 13, 30
micron and 5 micron) flour were observed. Figure A shows the
location of the 21 sampling sites in and arcund the New Screen Tower
Building, the Pulverizing Building and the Micron Building. This
includes two outdacr sites, upwind and downwind from the processing
buildings.

Concentrations of sllica_dust were approximately 65 micrograms per
ecubic meter of air (ug/m°) at the Super-sil(g) packer; 600

ug/m®> at the Min-u-sil¢r) (10, 15, 30 micron) packer; 200 ug/m3
at the Nln-u-Sll(R% (5 micron) packer; and less than 80 ug/m’ at
the bulk loading of a railroad hopper car. OQutdaor silaica dust
concentrations (upwind and downwind) were fairly constant, at
approximately 35 ug/m>.

The percentage of silica in the dust samples, also shown 1n Table 1
and Figures G and H ranged from approximately 25% to 50%. Outside
dust scurces normally contain less than (4 ) 40% silica, as shown 1n
the analyses of the up-wind air samples. (Table 1.v.1), whereas, the
silica flour products are essentially 100% silica. Therefore, the
silica content of a dust may serve as an indication of its sources.

Table 2. presents the PGS data, describing the effect of adding the
agnlomerzting agent, Oeter(p) to whole grain silica sand in its
transfer through the New Screen Tower Building. These tests
indicated that the addition of Deter¢r) reduced total respirable
dust concentrations by as much as é7%.  Apparently, Deter(p)
agglomerated small respirable dust particies inta larger, heavier and
no-respirable sized particles. Deter¢g) appeared {o be
particularly effective during the bulk ﬁoadlng of whole grain sand
into railroad hopper cars.

Table 3. and Figures B through F, I and J present and describe the
ventilation control systems associated with the packing, palletizing
and hopper railcar loading of silica flour. The most effective
controls were abserved at the Super-s1lcpy packer and the hopper
railear bulk loading statlons, where dust concentrations were
maintained below the 100 ug.fm3 PEL. Less effective were the dust
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Table 2. Effect of Addition of Deter¢gy to
Sand Product (PGS data af 7/10/80)

Total Dust Comcemtration

Location Without Deter With Deter Reducticn
{mg/m } (mg/m ) (%)

New Screen Town Building
sth floor - inside conveyor
4 ft. from Deter ., nozzle 218 275 "20
New Screen Tower Building
Anside conveyor transfer

point to storage side 164 111 33
Bulk loading covered hopper
railroad car, inside hopper 884 27 &7

Pennsylvania Glass Sand Corp.
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Iv.

control systems at the Min-u-silig) packers, where cross drafts and
uneven air velocities into the hoods permitted dust dispersion during
bag loading and palletizing. In these areas, silica levels ranged
from about 200 to &00 ug/m”.

Table 4. presents a comparison between dust concentration
measurements made simultanecusly with the TSI Respirable Mass Momitor
and the M5A Gravimetric Dust Sampler. The TSI instrument provides
direct, short term {up to 2 mirutes) direct concentration *
measurements., The MSA instrument measures time-weighted average dust
concentrations, usually, for perigds af 4- to 8-hour duration. The
ratio of measurements between these two instrumenis is variable,
depending upon the operations in progress during the sampling period.

DISCUSSION OF RESLLTS v

The following discussions are based on environmental data obtained from
two experimental runs at several sampling locations, plus data provided
by PGS on the use of Deter(r), see Appendix II1. The environmental data
Inciude atmospheric dust measurements, mefeorological observations and
ventilation evaluations.

fi. Area Results

wr

1. New Screen Tower Buildinag \

Table 1. and Figure B indicate that total dust concentrations in
the Super-sil(p) packer area were approxamately 150 ug/m?

under normal operating conditions. The average silica dust
concentra- tion in thls area was approximately &5 ug/m3. The
silica content of the dust samples in this packer area was

43%, indicating that a significant portion of the dust originated
from outside sources. Tahle 3. and Figures B and G show
effective control ventilation in the Super-sil(r) packer area.
the overhead fan, located behind the cperator, moves the air past
his breathing zone and i1nto the capture hood.

Table 3. and Figures B and G also indicate that dust
concentrations in the Super-sal¢ry palletizing area were
approximately 250 ug.fm3 of tntai dust and 130 ug/m3 of silica
dust. The higher dust concentrations in this arga may be due to
bag leakage and breskage during pallet loading. The average
silica content of the dust samples in this area-was less than
50%, The silica content of these samples was also highly
variable (ranging from 26% to 67%), indicating a significant
contribution from gutside sources.

-7-
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2. Pulverizing Building

Table 3. and Figures C and H show that at the Min-u-silipy (10,
15, 30 micran) packer, total dust and silica dust concentrations
were approximately 700 ug/m® and 600 ug/n?, respectively.

These hich concentrations were probably due to bag breakage,
Ineffective ventilation at the packer spouts, and poor
housekeeping. Flour spililage observed throughouf the*packer area
was often nat immedistely removed. Open doors also reduced the
effectiveness of the ventilation control system., Cross-currents
of air from the two ad)acent open doorways tended to increase the
dispersion of settled dust. The recently installed plastic
curtains in this area should help reduce dust contamination from
other areas of the building. *

3. Micron Building

Table 3. and Figures D and H indicate that in the Min-u-sil(g)

{5 micron) packer ares total dust and silica dust concenirations
were approximately 350 ug/m*, and 200 ug/m?, respectively.

The high dust concentrations were due, In part, to inadequate
ventilation design. Table 3. shows adequate face velocities.
However, the open-sided hood desicn and the remoteness of the hood
from the packer spout reouced dust collection efficiency. In
addition, flour spallage, not promptly removed, resulted in
increased dust concentratiaons.

4. Railroad Hopper Car

Table 3. and Figure F indicate that on the leading hatch of the
rallroad hopper car, dust concentrations wera approximately 90
ug/m® total dust and 80 ug/m3 silica dust. Effective dust
control was achieved by general atmospheric dilutiom and the
exhaust ventiiation control system used during laading
operations. This exhaust system consists of a 30-inch flexible
duct which is located over one open port. Two filler hoses are
located - one in each open port. The exhaust system continuously
Temoves air from within the hopper car, thersby confining dust
during loading operations. The dust congcentrations around the
oading spout (30 ug/m® total dust) were of the same order of
Eagnitude as the ambient air concentration (70 ug/m” total

ust).

B. Deterery Results

Table 2 shows that around the Mew Screen Tower Building the addition
of Deter(p) to whele grain silica sand resulted in reductions of
total respirable dust concentrations ranging from 20% to 67%. These
agents agglomerate respirable size dust particles into larger,
heavier, and non-respirable particles, thereby reducing respirable
dust concentrations.



€. Comparison of Sampling Ingtruments

Table 4. indicates that there is not close correspondence between the
average dust concentratign measurements of the TSI Respirable Aeroscl
Mass Monmitor and the MSA Gravimetric Dust Sampler, For example,
Table 4. presents the ratios of TSI fo M3A dust conceniration resulis
at 10 1lcecations, Although the median ratio of the 10 comparisons 1s
l.1, the ratics range from 0.3 ta 4. These highly variable ratios
are due primarily to highly fluctuating dust levels created by
operational variables. These variables imelude truck movements,
metecrological conditions and production rates. Since the TSI
instrument measures short-term (maximum and minimum} dust
concentrations, it is useful for locating dust emission sources and
for making rough comparative measurements. For this reason, the TSI
instrument 1s not suitable Tor estimating B-hour, time-weighted
gverage dust exposures. On the ¢ther hand, the MSA Gravimetric Dust
Sampler 1s appropriate for measuring 8-hour time-weighted average
dust exposures,

V. Dbservaticns, Conclusions and Recommendations

A. Control of dust in all areas regquires a combination of good
engineering controls, such as the use of dust suppressant additives,
exhaust ventilaticn, and controlled bulk leading of products; good
work practices, including product handling and housekeeping
procedures; and an effective respiratory protecticon program. As dust
emissions from point sources are reduced, it normally follows that
the levels of personal exposures to atmospheric dust are also reduced
proportionally.

B. The effectiveness of two innovative methods of dust control was

evaluated.

1. 1Injection of the agglomerating agent, Deter(g), into whole
grain sand products, reduced dust emissions by 20 to 67%.
According to the PGS envaronmental data, Oeler(r) was
particulariy effective in reducing dust concentrations during the
bulk lcading of railroad cars. For example, the dust
concentratzon inside the loading hopper was reduced by 7%, from
84 mg/m> to 27 mg/m>.

2. Bulk loading of silica flour into railroad cars, under local
exhaust ventilation contrel, was alspo effective In suppressing
dust dispersion to the general enviromment. Dust levels around
the hatch of a railrosd hopper car, duraing loading, averaged
approximately 90 ug/m® total dust and 80 ug/m> silica
dust., These levels were of the same order of magnitude as
background aroung the New Screen Tower Building, 98 ug/m3 total
dust and 34 ug/m> silica dust. By observation leakage from
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the hopper car appeared to be minimal. Figure K which depicts an
open truck, closed truck and a closed hopper railroad car durang
loaging, clearly show the effectivensss of thas technigue. The
company feels that the best soluticn for dust cortrol is to eliminate
bagging completely and ship all products in bulk,

C. The local exhaust ventilation systems at the three silica flour
packing stations showed varying degrees af effectiveness. Their
effectiveness depends upon design, total air movement control, and
housekeeping practices.

1. At the Super-sil(g), 4-spout packer, the local exhaust
ventilation system, 1n cambination with an air supply "curtain"
gbove the operator, maintained aversge dust concentrations of 150
ug/m> total dust and 65 ug/m> silica dust. Since these
levels were of the same order of magnitude as ambient dust
levels, 74 ug/m® total dust and 30 wg/m® silica dust, it
agppears that most of the dust emanated from the general
environment rather than directly from the bag loading operation.
Additiocnzlly, the immediate and automatic removal of spilled
product by means of a ventilated conveyor belt, also ircreased
trie effectiveness of the dust conirol sysiem.

2, At the Min-u-sil¢py (10, 15, 20 micron} packer, the exhaust
ventilation system was less effective than the Supersil(g)
packer ventilation system. Uneven exhaust flow patterns and
cross orafts in the area tended to reduce the exhaust sytem's
effectiveness. The average cust levels, 686 ug/m? total dust
and 578 ug/m? silica dust, were considerably higher than
ambient dust levels, 90 ug/m® total dust and 30 ug/m3,
siljca dust. The differences in dust level and probable silica
content suggest that most of the dust in this area cmanated from
the packer operation.

3. AL the Min-u-silepy (5 micron) packer, the dust contrtol system
was also 1neffective. The exhaust hood was located remotely from
the primary dust source, the fill spout. The hood did not
contain side baffles to develop efficient flow contours. Spilils
of product on the floor were not immedistely removed. Crass
drafts in the general area ziso reduced the effectiveness of the
exhaust control sytem. Dust levels at this packer station, 344
ug/m> total dust and 199 ug/m? silica dust, were
significantly higher than background dust levels, 18 ug/m3 of
both total dust and silica dust. The high dust levels and
relatively high silica content indicate that the main dust

sources in this area were the packing and pallet loading
operations,

‘D.  Several additional engineering control strategies were cbserved or
planned at this facility. These included:

« 10w
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1.

2.

31-

4.

5.

7.

8.

9.

10'

The company plans to concentrate all bulk flour loading
operations in one building, to replace the two present

locations. This consolidation will increase loading rates to 106
¢ars in a 4- or 5-hour peried. It will also permit more
effective dust control with local exhaust ventilation. At
present, as much as 85% to 20% of flour product i1s bulk loaded
Into railroad hopper cars or frucks.

Plastic curtain strips have been installed in the Mirku-sil(R)
{10, 15, 30 maicron) packing room to reduce arr CIOSS currenis.
These strips permit easy traffic flow and increase the
effectiveness of the local exhaust control system.

Stream driers in the ball mill ares are being replaced with
enclosed fluid bed driers which are less dust producing.

Planting and paving of outside surfaces and reqular wetting of
roads will reduce the dispersion of dust inte the general
environment. Coverang cf tailing dumps with shrouds (similar to
parachutes) or disposing of tailing wastes in wet ponds also
would reduce dust dispersion.

According to plant engineers, raising of stacks on baghouse
exhaust and other ventilaticn systems has resulted in a reduction
of background dust eoncentrations to the 50 ug/m® level,

At present, baghouse cleaning by shakeout 1s manually operated.
Automatic shakeouts on a timed cycle would imprave the operation
of the baghouses and reduce employee exposures. Plans are heing
made to reduce background contamination by sealing buildings and
recirculating all plant air through bag collectors.

On the 4-spout Super-silipy packer, the full bags removed from
the Till spouts by an automatic bag remover. The use of this
device resulted 1in less product spillage from spouts, since the

a?%amatlc bag remover does not operate until the feed valve shuts
off.

With the use of 3-ply bags, breakage has been reduced durlng
filling, conveying and pallet losding.

-

A floor elean~up grill, with exhaust ventilatiocn, was located

between the corwveyor discharge and the pallet Ioading area. This
system reduced dispersion of dust caused by bag breakage or
spillage. °

The use of an auger feed for bag filling silica flour has
recommended to replace the currently used pneumatic feed.
Although auger feed 1s slower than pneumatic feed, it produces
much less dust. Auger packers should be develeped which have
greater feed rates and still maintain low dust emissions.

-11- -



E.

F. An effective respiratory protection program has been instituted.

Good work pactices and effective housekeeping procedures are alsa
essential for maintaining dust exposures at a safe level. Plant
management has estimated that approximately one-half of their dust
control program involves effective housekeeping and maintenance
pracedures. Observations and recommendatlons are:

1. At this plant, employee compensation plans are not based on
"incentive pay" schedules. Incentive pay 1S normally a poor
policy since 1t may zesult in poor work practices, such as
cutting corners, improper and delayed clean-up of spalls and
unsafe materials handling procedures.

2. Proper bag handling, as they are placed on pallets, conveyor
belts, or stacked an box cars 1s essential for minimizing dust
dispersion, This would preclude such practices as throwing or
dropping of bhags, which result in excessive bag Dreakage.

3. Met washing of work surfeces, walls, and floors resvlts in less

dust dispersion than dry sweeping. The relative effectiveness of

wet sweeping versus dry vacuum cleganing has not been evaluated

under controlied conditions. However, both methods are superior

to dry sweeping.

4, The practice of uncontrolled blowing dust off worker's clothes
with a high pressure air hose, 1s both a safety hazard and a

source of atmospheric dust comtarination. Thz safety hazard can
be minimized by using low pressure air and by attaching a wire or

expanded metal spacer guard to the air hose discharge. This
arrangement keeps the hase nozzle from direct body contact.

Alsn, an anclosed blow-off booth with floor exhaust ventilation
would minimize dust dispersion.

5, A regularly scheduled inspection and preventive maintenance
program 1s essential for effective dust control. According to
plant management, approximately 30% of the engineering
construction budget has been spent on environmental dust

control. Five maintenance men are needed to maintain the 28 dust

tollection and associated ventilation systems i1n good operating

condition, The environmental control maintenance staff should be

as well trained and experienced as the production maintenance

staff. Also, the use of duct tape for “permanent“ repalir of duct

work should be minimized,

a detailed description of the program see Appendix III. One
full-time technician, accountable to the plant manager, 1S
responsible for the proper selection, maintenance, repair, and
tleaning of respirators used by the employees. Two or three

respirators are assigned to each employee. Therefore, the worker has

at least one clean, repaired and properly fltted gquarter-mask

For



G“

respirator at all times. One building in the plant area has been
dedicated for resplrator maintenance, cleaning and fitting. Areas of
high dust exposure are designated for mandatory respirator use. ALl
supervisors are responsihle for monitoring the use and condition of
respirators.

Medical and envirormental monitoring is carried out by the company
staff. N

1. The medical momitering program is under the direction of Dr. E.P.
Quarentello, in Berkeley Springs, West Virginia. Biennial chest
x-rays are taken on all employees, and are forwarded to Ors.
Miller and Pendergrass, at the University of Pennsylvania,
College of Medicine, for diagnostic interpretation. Pulmonary
function testing should be aincluded 1n the medical monitoring
program for all personnel potentially exposed to silica dust.

2. At present environmental monitoring 1s limited to personnel
monitoring. Ne general area or potential dust source monitoring
is performed by company staff. Source monitoring, in canjuncticn
with routine inspsction and measurement of dust control
ventilation systems, would help detect and evaluate significant
sources of dust contamination. Several direct reading dust
monitors, such as GCA Respirable Oust Monitor or the TSI
Respirable Aerosol Mass Monitor, may be useful in locating dust
sources.

-13-



1‘

3.

Appendix I
Description of Air Sampling ang Analytical Eguipment

L]

MSA Gravimetric Dust Sampler, manufactured by Mine Safety Appliamces, Inc.
This sampling system consists of a 10 mm plastic cyclone separator to
remove "non-respiranle” dust; a three-piece plastic filter holder cassette,
contalning a 37 mm PvC filter, No. M5, manufactured by Millipore Corpora-
tion or a FwS-8 faiter, manufactured by mine Safety Appliances, Inc.: and
an M5A portable, battery powered pump, Model G. This sampler 1s operated
at 1.7 liters per minute, which 1s the standard flow rate for collecting
(respirable} silica and total dust samples.

Del High volume Electrostatic precipitator Sampler, Model ESP-100A, manu-—
factured by Del Electronic Corp. Thas sampler, with respiraole cyclene
separation, operates at 17 cubic Teet per minute.

TSI Respirable feroscl Mass Monitor, Model 3500, manufactured by Thermo-
Systems, Inc. Thas anstrument permits direct measurement of dust concen-
trations, at either two-minute or 24-second intervals. It collects
particles from 0.0l to 10 un 1n diameter. In a one-minute sampling time it
will measure mass concentrations in the range of 100 ”9/m3.i 10 accuracy.

Crystalline silica was analyzed with a Phallaips automated powder oiffrac-
tometer, Model ADP-3501, with the nlimit of detection" of 18 ug per

sample. Total dust welghts were measured on a Perkin-gElmer Electropalance,
Model AD-2, with a "limit of dgetection" of 10 ug per sample. All samples
were desiccated for 48 hours to obtain constant weight.



D) pury BN BIUNATAEUUS]

ueyy usel

'PIIBUTLEIUOD ATTAEAY 'PapIBROSTH STCUES an
*goIn] ossn 'papiudsTo aTdues

et BT 0§ o1 g 0zt 2zhr 060 L16 Jaop CON-UOIDTH § 16
&6T L4727 ort Ust £55" L TAS SENT 1050 174 JdaMard-uoiaty ¢ oz
"L 558 054 car oot 9cE hZny gs80 608 siaxaed *ON~-{nOL-0T)Iaxoed 6T
1§13 <0g DsZ. ovZ hect 9LE banT - gsa0 c1é sJaxafd ‘og-{ngg-01)1a%aed 81
8r ar ar o1 HeqT 9Zg kT B5ED 116 aer beq "os-{nog-0r}isyoed L1
17 ooT €7 05 955* {25 LA £580 LZ5 Jo09p 1583-{n0E~0T) Jaxaed 9T
Al Z98 o, 04T A LK TEHT ¥ 80 Z25 ¥oop Butpeor 3ise3-sIcoping ST
41 " LT 0c og £fg" Bss 6THT 9230 26 2B0-Autyorw GUiIBion anoT4 o1
0L et ok oL geg” BEE  BIVI 80 1€6 *33J-auTysew HuibBeq Jnotd &
0L 6LT (4 0)¢] A BLE 10T 9280 946 Jse3-autyorw Buibhieg innT4 g
i 201 11y 09 QL5 BEE 6197 B»Ze0 0Za 3sam-autydew Busblieq anogy I3
1) 44 0g GrT cLE Big &IWT 2280 626 1190 AUND Jo 8PTS 0% .
sbeq 1noTy Gutzyisried 9
£90) | e 09 091 L5 i1+ s p LA B £16 T8 “ALD O 3BTS MM
sbeq JnoTy BuTztiaried g
bl L ory 012 £i9” {55 gret 920G 0fs AT TAUND 1D IPTS CON
sbeq InoTy BujzTiatred v
kL] 7eT os DIt B&S* ridy BTFT . 9260 16 I-sbeq Ino1y ButzriaTied £
gc ig £Z L1, <09 54 LTHT £LEB0 BZs (pua=3ise3} sloopinp Z
1 91 o1 ot oo3- £5f STuT 280 BI6 {pua-7san) sIoopyng L.
{0B/51/L) B
14 YE o1 ot Teé" LT TTLT afdrh 0% autod ButpeoT
40 'o5~laddoy peolriey pT
- = = - pel” £E6 1191 | oZyy 9 jutad Burtpeat
40 3sE3-Taddoy pROITTEY wafl
Ly b4 0s 09 T6Z° | TLT TILL OZHT 509 qutod Burpeot
40 ‘oN=Iaddoy peoatiey T
v ol 1) § 07 T&E" TLT TTLT oZeT 819 jqutnd Burpeoy
40 I=aM-Taddoy peoltyey 11
<9 LET €2 ar g€ | &0 &THT 0507 A 1ao~augyoew buthbeq nofs o1
£9 £97 £2 oz Lge” 912 6101 £90T £29 ‘“I133-autydey butbbeq InGT4 4
4):] 98T aly oL A L (44 10T @07 09 3sed-autudew Buthfien Inot4 g
- - - - LLE" PAAA &T7T LL0T 19 159m-auiydew ButBieg anoyy ol
g9 9z 9z {ar Firioh £Zd 2IFT TEOT Te® 1Tan Jo 9pTs
*o5 sbeq xnory ButZrialtied . 2
179G
65 47 | £z 09 {1 oLz BT Q201 809 | Jo MN sOeq 1noTy Butzriarred 9
ocZ rag 00T 03T 16L" (Bj A 91eT 9207 Y02 112G "AUDZ JO0 Gpfs
‘oN {)r1s-20dng Bupzriaried v
£9 <0z L 08 et | 2£z sret £207 79 MN-(H}1]5-18dnS BurzTiarred £
ot oL 2 os 189 (4519 SHeT LT0T 209 {pua=3se3) sloopinp A
L 61T iz Og L Ta (139 BRI 1101 29 {PUa-jcapn) SI00BINQ L
{0B/CT/d) W
1srq 181 1SRG 3sng atdusg
EJTITS T2jol __EOT[TS  [Plol ¢ TUTH doag JIE1S # UoT3IPIO # pTat4
w/bn on SUNTOA EIT , Tea31Td
UGTIBIIVIIU0] SSPW

Ia7dueS ITIJDWTARID Yok - BIEQ TEIUSWUCITAUZ



APPENDIX 111
RESPIRATORY PROTECTION PROGRAM
BERKELEY WORKS

The basic purpose of the respirstory protection program 15 to provide the
worker with a healthful environment. The primary method of protecting the
worker against resplratory hazards 1$ engineering controls that elther
eliminate or reduce the dust hazard. However, when situations occur where
engineering or aoministrative contrals are impractical or ineffective,
personal respiratory protection must be worn.

In order to have adequate protection against respiratory hazards by the
use of respirators, a comprehensive program detailing the use of respiratorsg
must be carried out.

All employees of the Berkeley Works will be furnished with two respirators
and the following shall govern their use:

Respirators

Mine Safety Appliance "Dustfoe 66" or "Dustfoe 77" respirators will be
provided.

Training

Respirator training shall be provided as mandated urider 30 CFR 48.25(2) -
"Self Rescue and Respiratory DevicesY — MSHA Training.

Maintenance

. 1) Each employse who has used a regpirator during the shift shall deposit
it in the assigned contaiper,

2) Each respirator shall be pollected daiiy.

3) fach respirator shall be disassembled, inspected, cleaned, dried,
repaired as required, and enclosed 1n an individual plastic bag.

4#) Each cleaned respirator shall be returned to its ass;gned bin by 3:00
p.m. each day.

5) The respirators shall be sanitized with "M5A Cleaner & Sanitizer.n
&) A daily log shzll be kept of each person's respirator use.

sugervislon

A1l supervisors shall rouvtinely monitor the use and condition of the
respirators.

Administratzion

gne gqualified person shall be responsible for the program and shall be
accountable to the plant manager.
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April 29, 198¢

_HISTORY OF THE RESPIRATOR PROGRAM
.BERKELEY PLANT

i
N In the initial planning stages the vartous elements of a resptrator
protection program were discussed and it quickly becamea apparent that a
location for a cleaning station had to be devised. As no suitable area existed
within the plant, 1t was decided to purchase a 40' used trailer and refurbish
it to become the respirator clinic,
. L
The trailer was located at the north end of the plant office and was
-equipped with a dishwasher, a heated aiwr dryer for drying washed respirator

straps, formica work stations, two offices, heating and air conditioning,

A technician was hired to be responsible for the program, Two
respirators were assigned to each employee and certzin empioyees were
assigned thres respurators, Each respirator was marked with the employee's
own number and department number, This 1dentifies each respirator,

A number of plgeon-hole storage racks were located in the various
departments and individual pigeon-holes were labeled to match each employee’s
Andividual number.

A plastic container was located in each depariment by the pigeon-
hole rack and after an employee uses his respirator he deposits it in the plastic
container, The technician collects the used respirators daily.

The respirator is disassembled Inta 1its & or 7 {ndividual parts.,
depending upon the style respirator, and inspected for wear. The Berkeley
plant has standard:zed on the MSA Dustfoe 66 & 77 respirators. The
resplrators are repawred and cleaned in the dishwasher with "MBSA Cleaner &
Sanitizer” for 70 minutes. The respirator headstraps are dried in the strap
gryer and then the respirator 15 assembled and placed in an indlvidual plastic
bag. The technician then enters into the deily log the use of each respirator.
Thus the patrem of use can be determined from the log. The techmcian then

retums the cleaned respirator to its proper pigeon-hole before 9:00 a.m, each
day.





