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1.0 “INTRODUCTION

Lead-containing dusts which accumulate in the workplace are
potential sources of lead exposure for employees Vehlcle ,
traffic, foot trafflc, and equipment . vibration can shake settled
dust loose and reintroduce it into the plant atmosphere. Skin
and workclothing can become contaminated throuah contact with
dust accumulation To reduce these sources of 1ead exposure,
settled dust. must be removed from the workplace.

Housekeeping requirements of the OSHA lead standard (29 CFR 1910
1025) require that all plant surfaces be kept as free as

- .practicable of accumulations of lead. The standard further
requires that vacuuming methods be employed for housekeeping.
Where vacuuming has been tried and found ineffective, other
housekeeping methods (shovellng, dry or wet sweepina and
brushing) may be employed. This study presents an evaluation ‘of
Icentral.vacuum systems and their utility in secondary lead.
smelters. ' ‘

C ™

Site visits to evaiuate central vacuum systems were made to
Tonolli North America's plant in Nesquehoning Pennsylvania and
General Battery Corporation's plants in Reading and‘Hamburg,
Pennsylvania. Other secondary smelters were contacted by
telephone.’ Manufacturers and suppliers of central vacuuﬁ
‘equipment were contacted by telephone orlletter and asked to
supply information regarding their products;'-This report
presents the results of the field evaluation and summarizes‘
product information. The report is intended to’ provide useful
technical,pcost, and operational information to secondary lead
smelterloperators to aid them in determining approprlate
applications for central vacuum systems and in developlnq

spec1f1catlons for their purchase, 1nsta11at10n, ‘and use.



2.0 CENTRAL VACUUM EQUIPMENT

A central vacﬁum system is a permanent‘installation designed to
provide ready access to vacuum exhaust in all plant areas served
by the system. A typical central vacuum system installation
includes the following cémponents:

Drive motor

Vacuum producer

Air cleaning devices

Vacuum line (Iigid‘pipe or tubing)
Vacuum ihlet valves

Flexible connecting hose

Cleaning tools

The syétem may include auxiliary equipment such as an electronic
bleed control, automated bag shaker, air discharge sileﬁcer;
waste separator, or'calibfated ammeter: (to indicate airflow
changes). | ‘

The central vacuum system is designed so that the vacuum line
extends throughout the plant with inlet valves at convenient
locations. The worker connects the flexible hose and cleaning
tool to the inlet valve when performing cleah—up work in an area
served by the central system. The air-cleaning device (a
baghouse) is located immediately upstream from the vacuum
producer. Cleaning requirements typical of secondary lead
smelters requife that an additiocnal air-cleaning device (a
cyclone separator) be located immediately upStream'from_the bag
separator., The gyclone separator femovés large parﬁicles ffom
the airstream going to the bag separatof. Depending upon the
service duty of a particﬁlaf system, additional cycléne

- separators may be located further upstreém from the vacuum

producer, These mid-stream cleaning devices remove large

2 _'i‘la’



"particles at points along the vacuum line and help to prevent
clogged lines. Figure 2-1 illustrates a central vacuum system.

2.1  MANUFACTURERS OF CENTRAL VACUUM EQUIPMENT

We have identified three companies in the United States that
manufacture central vacuum systems of the type needed for use in

secondary lead smelters. These companies are:

e Hoffman ‘ ‘
A Division of Clarkson Industries,'inc.
- 6035 Cdrporate Drive
East Syracuse, N.Y. 13057
(315) 437-0311 | -

‘s Lamson Corporation _ ‘ ‘
'P.O. Box 4857 T o )
Syracuse, N.Y. 13221 | L
(315) 432-5510 4

e The Spencer Turbine Company
600 Day Hill Road |
Windsor, Connecticut . 06095
(203) 688-8361 |
These companies operate through manufacturer's representatives
who are located throughout the United States. The manufacturer's
representative can provide assistance in system design, equipment

selection, and service requirements.



Vacuum Lines

Cyclone
Separator’

Vacuum Inlet Valve,

- Bag
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Floor Cleahing "Tool /
Vacuum Producer

Drive Motor

(Drawing courtesy of
Lamson Corporation)

FIGURE 2-1. DIAGRAM OF CENTRAL VACUUM SYSTEM
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2.2 ' APPLICATION

- A central vacuum system is a convenient and efficient method of

removing settled dust from the workplace. Dust removal by

vacuuming can help reduce employee lead. exposure potential by:

Reducing the opportunity for reintroduction

- of lead- containinq dusts into breathina air.

Removing settled dust from plant surfaces
prevents its becomlng a1rborne aqaln as a
result of vehicle or foot trafflc, machlnery

v1bratlon, or sweeping.

Reducinq the opoortunity for skin'and clothinq

contamination. Removing settled dust from plant

surfaces reduces the opportunlty for contamlnatlon
of skin and clothlnq throuch worker contact with

ndusty surfaces

Removinc dust from employee cJothing. Convenient

brush/vacuum and shoecleaner/vacuum unlts make it
possible for workers to clean dust from protectlve
clothlng before entering lunchrooms and breakrooms.

There are many opportunltles for use of a central vacuum in-

routlne plant cleanup

FloorS‘
Work statlons

Tools

‘Vehicles
'Machinery



Pipes and railing
Shoes
Workclothing

Yard areas

Office, breakrooms, lunchrooms

A central system is especially useful in event of spills since it

provides an op?ortunity'for immediate Clean~up.
2.3 DESIGN PARAMETERS

‘Design parameters for central vacuum systems depend'upbn the
expected application., For general use in a secondary lead
smelter, it is recommended that a vacuum pressure of at least -3
inches Hg be maintained at the ‘head of the cleanlng tool located
most distant from the vacuum producer. The recommended airflow
at this point should be 85-95 SCFM for a 1-1/2" diameter hose
line and 160-180 SCFM for a 2-inch diameter hose line. The
vacuum line system should be designed to maintain a conveying
veldcity of 3800 to SOQO feet per minute. These guidelines were
prov1ded by T. C. Koester, Inc., and are based‘upon that firm's

. experience in designing central vacuum systems for secondary lead
smelters and battery manufacturlng plants, These guidelines may
re@ﬁire adjustment' depending upon the specific plant appllcatlon
and material to be handled.

Given these basic design parameters, detailed specifications are

developed considering the following:

e The size and design of the building or area to

be served by the central system. Larger buildings

or ‘areas reguire larger systems. The length of

)
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the longest tublng run in the system is a mawor
factor in determining the requlred rating for- the
vacuum producer Ideally, the vacuum producer
'should be located centrally with respect to the
area to be served. This will minimize the distance

“from vacuum producer to the furthest inlet valve.

-

e The number of operators who will be using the
system at the same time. This is the single most

important factor to consider at the design stage.
The number of simultaneous operators‘qreatly.
influenceS'system‘volume“requirements and pipe
51zlng and indirectly 1nf1uence5 proper vacuum

system ratlng.
2.4 CENTRAL VACUUM_EQUIPMENTJFOR‘SECONDARY LEAD SMELTERS |

Central vacuum equipment is manufactured and marketed for a
~variety of applications. In this section, individual system .
components are discussed as applied to secondary lead smeltihgt

2.4.ld_ Drive Motor

- Selection of a particular vacuum producer will determine drive
motor power regquirements, In vacuum system installations studied
for this-report horsepower requirements ranged from 20 HP for a
relatively small light- duty appllcatlon to 150 HP for a 1arce,
heavy-duty application. '

2.4.2 . Vacuum Producer
A vacuum producer is selected on the basis of vacuum requlrements

and volume (CFM}. Once the de51gn requ1rements for these two
parameters are known a partlcular vacuum producer is selected

from charts or graphs which relate static pressure, exhaust

16<



volume, and horsepower requirements.,. The exhauster is selected
so that satlsfactory airflow and pressure are maintained over the
range of expected operating conditions, Figure 2-2 illustrates a
typical vacuum producer. .

2.4.3 : Separatbre”

Separators for cenﬁra} vacuum systehs are installed ahead of the
vacuum producer. For service in-a seccondary lead smelter, two
separators are used iﬁ tandem: a bag separator and a cyclone
separator. The bag separator is selected on the basis of
required bag area and ‘the cyclone separator is selected to match
the dimensions of the bag separapor,

The function of the cyclone separator is to remove the bulk of
the material, especially the larger particles and heavier dust,
from the airstream.which centinues through the bag separator
where finallfiltering'of the airstream occurs while passiné
through the cloth bag surface. The inlet to the cyclone
separator enters horizontally on a tangent near the top, and the
cehtrifugal force imparted to the particles throws them agéinst
the inside surface of the separator. This impact, along with the
drastic drop in conveying velocity, removes about 30% of the
conveyed material and delivers it to a hopper where it is held

for subseguent dlsposal

Figure 2—3 illustrates a typical bag separator unit. Figure 2-4
illustrates a typical cyclone'separator unit. quure 2-5
illustrates a typical placement of separators, vacuum producer,

and drive motor.

Various types of bottom discharge dumping arrangements are
available for both types of separators. Where storage in the
separator is adequate, manual hinge-~type valves may be used for



(Drawing courtesy of the
Spencer ,Turbine Company)

FIGURE 2-2. . VACUUM PRODUCER
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periodic dumping intoc tote boxes or barrels, Continuous‘
disgharge may be obtained with motor driVen‘vaives,‘dduble hinge
valves, or a pe;istatiC‘valve. All of the dumping ér:anqements
seen during this study consiéted of a méhual dump valve into a
closed waste tran;pdrt container. Fiqure‘2?6 illustrates a'

typical dumping arrangement for a secondary lead smelﬁer.

Dust bags are usually fabricated fromlcotton‘but may be
constructed of a spécial fabric such as Gortex.  Both automatic
-and manually operated bag 'shakers are available.  The vacuum

producer must be shut down>during the brief bag-éhakiné cycle.
2.4,4 vacuum Line

Vacuum lines in secondari‘lead smelter abpliéatiohs aré 
constructed of smooth-flow tubina or, for heavy duty
applications, échedule 40'pipe may be used. The aoal of laylnq
out a tubinq, (or ﬁiping) system for a central vacuum svstnm is
to achieve a smooth and continuous flow of alr,l Tubing should be
arranced so that there are no connections into which heavier
Lmaterlal will drop by qrav1ty or whlch can bUlld up 1nto a llne
obstructlon ' ‘

Sectibﬁs of tubing are. joined by Slip fit or by slip coupling.
For é slip fit, onnectlons are made by sllpplno the end of one'
section of tubing 1nto an expanded end of another section of
tubina. The jOlnt is sealed by welding or brazinag., For a silp
coupling, two seétions'of tubing are slipped into,a coupling ‘
which is sealed by weldind or brazing Couollngs are ava11able~
which use a mechanical seal and do not require welding or

brazing.

i3
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FIGURE 2-6. PHOTOGRAPHS ILLUSTRATING CLOSED-CONTAINER
COLLECTION FOR CENTRAL VACUUM SYSTEM
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" Tubina that is sealed by welding or brazing reguires installation
of clean out plugs at appropriate locations. Sections of pipe
that are joined with mechanical-seal couplings may be removed by

section, cleaned,; and then recoupled.

2.4.5 ‘Vacuum Inlet Valves
Vacuum inlet valves are installed along with vacuum line drops at
convenient locations in the plant so that vacuum exhaust isg
available where and when needed, The inlet valve is a hinged cap
that seals off the end of a vacuum line drop when it is not in

use. A typical inlet valve installation is shown in Figure 2-7.
2.4.6 Flexible Connecting Hose

Flexible vécuum.hose is used to connect‘the cleahing tool to the
permanent vacuum line installation. This connection is made by‘
opening the inlet valve and inserting the hose coupling into the
vacuum line drop; The other end of the hoée is connected to an
appropriate cleaning tool. Connecting hose is made from a
variéty of materialé,and is sized in 1'1/2 and 2-inch diameter.
Since most smelter applicafiéns subjéct'éqnﬁecting hose to rough,
abrasive surfaces, care should be taken to sélect a grade of hose
that will provide a satisfactory éervice life. Spring tube steel
bands which slip around connecting hose are available to reduce
abrasive wear. These bands raisé the hose off the floor and

transfer wear from the hose to the bands,
2.4.7 Cleaning Tools

A variety of cleaning tool attachments are manufactured. Most
smelter applications will require a selection of hand tools and
floor tools that are designed for heavy-duty cleaning. Floor

tool handles can be purchased in different lenaths for use by

2/ 25
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operators of différing heights. Typical hand and floor cleaning

tools are illustrated in Figure 2-7.
2.5 COSTS

The cost of purchasing and installing a central vacuum system
varies according to the size and service duty reguired. For

costing purposes, three categories of service duty are noted:

LIGHT DUTY General cleaning, with a small amount of lead dust
being picked up - 1-1/2 diameter hose - piping
(tubing} run does not exceed 100' from equipment

location to furthest work station outlet,

MEDIUM DUTY General Cleaning, small piles and moderate concen-

tration of fldor material - 1-1/2" diameter hose -
- piping (tubing run) does not exceed 200’ from‘equio-
ment locaticon te furthest work station outlet.

SEVERE DUTY General cleaning, piles with small lead pieces -

heavy floér‘dust concentration - 2" diameter hose
piping (tubing) run does not exceed 300' from
eguipment location to furthest work station ocutlet.

Table 2-1 presents coSt‘estiﬁates‘for a variety of applications.
These cost estimates are current (June, 1982) and are based on

the following assumptions:

] Ooérators. This represents the number of operators
expected to be using thé system at the same time.
It is assumed@ that each operator is cupplied with
50 feet of hose (1 1/2 inch for.licht and medium

“pgn
9% 9
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TABLE 2-1: ESTIMATED COSTS FOR_CENTRAL
: - VACUUM SYSTEMS

LIGHT DUTY

- 8“ Hg
- BORSEPOWER EQUIPMENT COSTS INSTALLATION COSTS
.10 . '$ 8,900.00 $11.25/Ft.
20 , 11,500,00 . 14.25/Ft.
25 ' 13,600.00 ‘ 22.00/Ft.
30 ~15,300.00  45.00/Ft.

40 16,600.00 59.00/Ft.

MEDIUM DUTY

10" Hg
15 -~ $12,300.00 . $11.25/Ft.
25 . 15,000.00 . 14.25/F¢t.
30 17,000.00 ~  22.00/Ft.
40 18,500.00 - .  45,00/Ft.
50 ~ 20,000.00 . 59.00/Ft.

SEVERE DUTY

12" Hg. »
25 $17,000.00 © $11.25/Ft.
50 21,500,00 ‘ 14.25/Ft.
75 25,000.00  22.00/Ft.
100 . 30,500.00 45.00/Ft.

125 . 35,000.00 ' 59.00/Ft.

Source: Cost estimates provided by T.b; Kdester, Inc., Lafayette
Hill, Pennsylvania, May 1982. T.C. Koester, Inc., is a
representative for the Spencer Turbine Company.
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duty and é‘inch for severe dﬁtyﬂapplications).
Each operator is supplied with appropriate cleaning
tools. ‘ '

Eguipment Costs. Vacuum pfoduCer, metor, electficf
surge control, primary Eentfifﬁgal collector, B
secpndéry tubular_bag cellector and éppfopriate
number of hose and attachments are included in the
eguipment cost estimate. Cost of vacuum line is a
included in installation cost- estimate.

{

Installation Costs. JInstallation costs are shown

a5 cost per foot of vacuum line, The cost includes
.tﬁbing, fittings,‘wdrk station inlet valves, labor,
hangers, etc. for complete installation. Costs are
based on a minimum of 16 gauge steel tubing at a
minimum of 2-1/8 inch diameter. A larger main run
is specified, depending upon the number 6f" '
operators. Welded joints are assumed for cost
estimating, " The cost per fcot listed applies to

. total systems tubinglléngth, not just-the furthest

.work station outlet,

135

r, L.
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3.0 _ DESCRIPTION OF CENTRAL VACUUM SYSTEM AT TONOLLI NORTH
AMERICA'S NESQUEHONING PLANT. ‘

A large central Qacuum system was installed in Tonolli Neorth
America's ﬁesquehoning plaht in 198l1. The system serves the
smelter, refihery, warehouse, solder department, and outside
storage‘areas. The system is used for general'surface‘cleanup_
-and spill removal. A station is provided where employees can
vacuum dust from their clothing and clean their shoes with a
mechanical brush/vacuum shoecleaner before entering the washroom

and lunchroom.

The plant pleahup crew is the primary user of the central vacuum

System. Routine cleanup takes place daily and spills are cleaned

up as they occur. Figure 3-1 illustrates use of the vacuum
system. ‘
3.1 SPECIFICATIONS

The central vacuum system serves approximately 76,000 sguare feet
of floor and yard areas. There are 52 inlet valves distributed
throughout plant areas served by the vacuum system, The system
is designed for simultaneous use by ten operators. The vacuum
producer is rated at 1950 SCFM at 12 inches of mercury vacuum
pressure and is powered by a 150 horsepower motor. A 50-inch
diameter tubular bag separator is used in series with a 42-inch
diameter centrifugal separator. The bag separater has 300 sguare
feet of filter bag area (cotton twill) and‘discharges to a bottom
hopper. An automatic bag shakér is‘installed‘on:the separator.
The centrifugal separator .also diséhargeg to a bottom hopper.
BottomAhopper for both separators empty through a sleeve into
closed containers. Approximately 3,000 pounds of material are
collected each week. This material is recycled through the
rotary furnaces. Table 3—l‘contains_equipment specifications in

summary form.

20 |
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FIGURE 3-1. USE OF CENTRAL VACUUM EQUIPMENT TO CLEAN SMELTER
BUILDING AT TONOLLI CORPORATICN ‘
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TABLE 3-1:  SUMMARY OF DATA FOR CENTRAL VACUUM SYSTEM

AT TONOLLI NORTH AMERICA'S NESQUEHONING PLANT

PLANT AREA SERVED:
NUMBER OF VACUUM‘INLET‘VALVES-

NUMBER OF SIMULTANEOUS OPERATORS
(DESIGN) ‘

AMOUNT OF MATERIAL COLLECTED PER WEEK

v

DISPOSAL OF COLLECTED MATERIAL:
DATE QF.INSTALLATION:
MANUFACTURER:

VACUUM PRODUCER
HORSEPOWER REQUIREMENT'
EXHARUST VOLUME:
STATlp‘PRESSUREr

BAG SEPARATOR

SIZE:

BAG AREA:
BAG TYPE:
SHAKER TYPE:

CYCLONE SEPARATOR
SIZE S

COSTS: v
MAJOR EQUIPMENT:
MISC. MATERIALS:
INSTALLATION AND START Up:
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76,000 £t

52

10

3,000‘1bs.
“Redycled_

1981

‘Spencer Turbine

150 HP
1950 SCFM
12 inches Hg

50-inch diameter
300 sguare feet
Cotton Twill
Automatic

42-inch diameter

$56,000
17,000
27,000



Exhaust from the vacuum system discharges to the main plant
' baghouse. This was done to take advantage of an existing permit

for atmospheric discharge,

The central vacuum is designed for severe duty. Two-inch
diameter inlet lines are used and separators are suoplled w1th
heavy-dufy liners. Heavy-duty, abras}ve—resistant flexible hoses
afe used. Vacuum lines are constructed from schedule 40 pipe,
The piping sections are cennected with mechanical couplinas"

at elbows and at‘theiend of pipe lengths. These coumlings'
provide for easy chenge out of elbows and simplify unplugging

clogged lines,

A portable wet separator was purchased as an accessory for
occasional cleanup of wet floor areas, The collector is
connected in line with the floor tool and removes moisture from

. the airstream before it enters the inlet valve.
3.2 OPERATING AND MAINTENANCE REQUIREVMENTS '
3.2.1 Labor Reguirements

As part of an overall housekeeping imprevement'prbgram4 two
employees were added to the_payroll and assigned to full-time"
‘clean-up duties. For eceountiﬁg purposes, it is assumed that the
employment of these two individuals represents‘the labor‘costs’of
operating the central vacuum sjstem. In practice, tﬁese
individuals do not spend all of their time vacuuming with the _
'central vacuum system and WOrkers‘other thah the regular cleenup'
crew ‘use the vacuum, system as well. Two people were assianed to
plant cleanup dutles before 1nsta11atlon of the central vacuum

system.
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3.2.2 Maintenance Reguirements

Since the system's installation in 1981, maintenanée costs have
been limited to replacement of floor tools and hoses.: In‘regular
service, floor tools and extension handles wear out in about four
month's time. Hosesjhave been replaced because they haves been
broken by trucks driving over them but not yet because they have

worn out,

Central vacuum svstems are highly reliable and reguire very
little preventative maintenance, Routine preventative

maintenance consists of:

o Checking for lzaks in the vacuum line system.
A hicher-than-normal amperaée draw indicates

system leakage,
o ‘Proper lubrication,
o Daily cleaning (shaking) of bagsf‘
3.3 , EMPLOYEE ACCEPTANCE

Workers who use the vacuum system report that it WQrks well and
is relatlvely easy to use., A full day of vacuuming is,
.nonetheless, considered a tiring, monotonous job.

-

3.4 EMPLOYEE EXPOSURE

Exposure measurements were taken to see if vacuum cleaner
operation posed an addltlonal exposure burden. A perscnal
monitoring pump was worn by a worker while cleaning floors in the

warehpuse and the smelter. This measurement represents operator
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exposure. ‘Another individual (who was not vacuuming) wore a
sampling puhp and stood in the same general  area but at least

- fifteen feet>from the vacuum operator. This measurement
represents background level. The results from 2-1/2 hours of
sampling showed an average ooerator exoosure of 250 ug Pb/m3 and
an average backaround exposure,of 260 ug Pb/m3. It was. concluded
_that vacuum operation does not contribute to employee exposure ‘in

excess of background levels.
3.5 - "EFFECTIVENESS

The ‘central vacuum'system is an effective cleaning toél. We.
observed that only one pass of the cleahing tool was. needed to.
remove accumulated dust and dirt. Vehicles travelling over newly
cleaned floor areas stirred up relatively little dust., A
direct-;éading dust monitoring instrument was uséd to measure the
dust concentration increase that occurrea when a truck drove by
overva floqr area that had been recently cleaned with the véétum.
An increase of 5-25 ug dust/m3 was recorded. - Before this section
of floor had been cleaned, the passing of a truck resulted in an
increase of 50-100 ug dust/m3 over background levels. o
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4.0 DESCRIPTION OF CENTRAL VACUUM SYSTEMS AT GENERAL
BATTERY CORPORATIONS'S READING AND HAMBURG PLANTS.

Central vacuum systems have been installed at various locations
at General Battery plants in Reading and Hamburg, Pennsylvania.
The following'parag:aphs contain descriptions of three systems

that were‘evaluated for this study. Figure 4-1 illustrates use
of the central vacuum systems at General Battery.

4.1 INDUSTRIAL PLANT

The centrai vacuum system in the Industrial Plant was installed
in 1978. It is the largest central system used at the Reading
plants. The system serveé assembly, finishing, oxide productinn,
and warehousing operations.  The system is used for general
surface cleanup and spill removal. A station is provided where
employees can vacuum dust from théif workclothinag and ciean their
~ shoes wiih a mechanical Brush/vacuum shoecleaner before entering

the washroom and lunchroocm.

The system is used by workers in the Industrial Plant to clean
work areas before break periods and at the end of shift. Spills
are. cleancd up as théy cccur. A Jjanitorial staff of three (two
for day £ ft, one for afternoon‘éhift) use the central vacuum

system fo. most of their cleanup tasks.
4.1.1 Specifications

Tﬁe Industrial plant. central vacuum system serves approximately
130,000 sguare feet of floor area. There are 110 inlet valves
distributed throughout the plant. The system is designed for
simultanecus use by 12 opefators,' The vacuum producer is rated
at 1125 SCFM at 12 inches of mercury wvacuum preséuie and is

powered by a 75-horsepower motor. A 42-inch diameter tubular bag
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FIGURE 4-1. PHOTOGRAPHS ILLUSTRATING USE OF CENTRAL
VACUUM SYSTEM AT GENERAL BATTERY CORPORATION
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separatbr is used in series with a 36-inch diameter centrifugal
separator. Two additional 30-inch diameter qentrifugal
separators are locatedjat mid—liné points remote from the central
collectors. These two sepa}ators were instaliéd to .remove
particles from distaﬁt vacuumllines to help prevent line
blockages en route to the central collectors. The bag seﬁarator
dischargesvto a bottom hopper, - Gortex-brand bags are used., A
manual bag shaker is used and standard operating pfocedures
require that the system be shut down and the bags shaken once
each shift. The centrifugal separators discharge to bottom
hoppers. Bottom hoppers for bag and cyclone separators empty
through a sleeﬁe into ciosed containérs. ~Weekly, the svstem
collects approximétely.2,000 pounds of material which is recycled
through‘thé reverbe;atoiy furnace. Exhaust from the system is
discharged td atmosphere. Table 4-1 :ontains egquipment

specifications in summary form,

4.1.2 Operating and Maintenance Costs

J

General Battery Corporation estimates that 7360 labor hours are
expénded annually to operatelthe central wvacuum system in the
Industrial Plant. Of these hoﬁrs, 3840 are used by the
Janitorial staff for plant ¢leanup ahd 3520 are used by
department workers for work'area cleanup. This represents an
annual labor cost of $70,000, using an average labor rate of

$9.50 per hour.

Annual maintenance costs are estimated at $2,100 for repair and

replacement eguipment and $1,600 maintenance labor.
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TABLE 4-1: SUMMARY OF DATA FOR CENTRAL VACUUM SYSTEM

AT GENERAL BATTERY INDUSTRIAL PLANT, READING, PENNSYLVANIA

PLANT AREA SERVED
NUMBER OF VACUUM INLET VALVES

NUMBER OF SIMULTANECUS OPERATORS
(DESIGN) |

AMOUNT OF MATERIAL COLLECTED PER WEEK
DISPOSAL OF COLLECTED MATERIAL
DATE OF INSTALLATION
MANUFACTURER
VACUUM PRODUCER L
HORSEPOWER REQUIREMENT:
EXBEAUST VOLUME:
STATIC PRESSURE:
BAG SEPARATOR
SIZE:
BAG TYPE:
SHAKER TYPE: .

CYCLONE SEFARATORS
SIZE+
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- 130,00 ft2
110
12
2,000 1lbs.
'Recycled
.1978

Spencer Turbine

75-HR
1125 CFM
12" Hg

42" diameter
Gortex
Mahual

1, 36" diameter
2, 30" diameter
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4.1.3 Employee Acceptance

Users of the central vécuum system report that it greatly
simplifies work station‘cleanup. Subervisors‘report that use of
"the central vacuum is well integrated'into the daily work routine
and complaints are registered when the system is down for

repairs.
4.1.4 " Effectiveness
We observed end-of-shift cleanup at the Industrial Plant.

Floor tcols were used to clean floors in the immediate work area
and hand tools were used to clean machinery and work tables, The

cleanup was quick and thorough.
4.2 ] BALL MILLS

. General Battery Corporation operates two lead oxide plants, which

use ball mills. One of these plants is located at the Reading.
smelter, the other is located at the Hamburg plant, Both of
these plants are served by central vacuum systems., In Reading,
the vacuum system also serves a battery as;embly plant. 1In

.Hambufg, the system also serves a grid casting piant.

In the oxide plants, the vacuum system is used by the plant
“operator for general cleanup of control rooms, machinery, plant
surfaces, and yard areas. The vacuums are aléo used for
imhediate cleanup of oxide spills. ‘In the aSSembly and castina
plants, the vacuum systems are used by workers for general

- surface and machinery cleaning at their individual work stations.



4.2.1 Specifications - Reading Plant

The central vacuum system for the ball mlll and assembly plants
serves aoproxrmately 3,700 sguare feet of plant area, There are
25 vacuum lnlet valves; 18 of these are located in the ball mill
plant, The vacuum producer is rated at 350 SCFM at 8 inches of
mercury vacuum.pressurn and is powered by a’éd—horsepower motor.,
) cyclone separator is used in serles with a tubular bag
-separator. Both separators dlscharqe to bottom hoppers whlch
empty through a sleeve into a closed container. Material -
collected by the system is recycled through the'reverberafory
furnace.  Exhaust air from the bag separaﬁor‘discharges'to
atmosphere. A manual bag shaker is used. . Table 4-2 contains a
summary of equipmentISpecifications.

Y

4.2.2 Specifications'j Hamburg Plant

The central vacuum system for the ball mill andlcasring.plants
serves‘aporoximately 8,lOO‘square feet of plant area. There are
‘26 vacuum inlet'valves4‘l2 of these are located in the ball mill
plant, The system is desrgned for srmultaneous use by six
operators, The .vacuum producer is rated at 600 SCFM at 8 incﬁes
of mercury vacuum pressure and is powered by.a 25-horsepower

"motor.

,.A 30—inch,diameter cyclone seoarator is used in series with a
36-inch diameter tabular bag seoarator. A'manuallyfoperated

bag shaker is used. Separators discharge to bottom hoppers which
empty throuqh sleeves into closed contalners \Collected material
is recycled tbrouqh the reverberatory furnace at Readlnq. In
'accordance-w1th hazardous waste regulations, callection '
containers are labeled as containing hazardous wastes before -
shipment to Reading. Exhaust air from the bag separator '

‘ discharges to atmosphere. Table 4-3 contains a summary of

eguipment specifications.
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TABLE 4-~2: SUMMARY OF DATA FOR CENTRAL VACUUM SYSTEM
AT GENERAL BATTERY BALL MILL PLANT, READING, PENNSYLVANIA

PLANT AREA SERVED : - 3,700 ft2

NUMBER OF VACUUM INLET VALVES: , 25

DISPOSAL OF COLLECTED MATERIAL o Recycled

_DATE OF INSTALLATION - 1977

MANUFACT URER I ‘ © Spencer Turbine

VACUUM PRODUCER | - .
HORSEPOWER REQUIREMENT: : 20 HP
EXHAUST VOLUME: ° ) '_ s ' 350 CFM
STATIC PRESSURE: . ' 8" Hg

BAG SEPARATOR o ,
SIZE: ' ' _ "~ 36" diameter
BAG TYPE: ‘ Gortex
SHAKER TYPE: Manual

CYCLONE SEPARATOR )
SIZE: : : " 30" diameter
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TABLE 4-3: SUMMARY OF DATA FOR CENTRAL VACUUM SYSTEM

AT GENERAL BATTERY BALL MILL PLANT, HAMBURG, PENNSYLVANIA

PLANT AREA SERVED

‘ NUMBERlOF VACUUM INLET VALVES

NUMBER OF SIMULTANEOUS OPERATORS

 (DESIGN)

3

~ DISPOSAL OF COLLECTED MATERIAL

DATE OF INSTALLATION
MANUFACTURER

VACUUM PRODUCER . .

HCRSEFOWER REQUIREMENT:

EXHRUST VCLUME:
STATIC PRESSUREY

BAG SEPARATOR
SIZE:
BAG TYPE:
SHAKER TYPE:

CYCLONE SEPARATOR
SIZE:
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8,100 ft2
26 ‘
6

Recycled

-1977

Spencer Turbine

25 HP
600 CFM

‘ Bll HU

o

36" diameter

Gortex

Manual

30" diameter



4.2.3 Operating Requirements -

In the ball mill oxide plants, the plant operator is in charge of
cleanup and is the primary user of fhe central vacuum system.
Flant cleanup requires‘fromv15 to 20 minutes each shift. In the
'assembly and casting plants, wvacuum inlet valves are located at
individual workstations and cleanuplis-the responsibility of the
worker assicned to that workstation. About 15 minutes are |

devoted to cleanup at the end of each shift.
4.2.4 Employee Acceptance

Oxide ﬁlantuoperators report that the central vacuum system.works
‘well, is easy to use, and makes their jobs eésier.‘ Before the
central system was installed at Reading, a portable vacuum was
used. The operator at Reading reported that the portable unit
was cumbersome and didn't provide as good of pick-up as the

system now in use.
4.2.5 Effectiveness

We observed use of the central vacuum system at both oxide plants.
The system appeared to work well and prdvidedlquick removal of
acéumulated dust. ‘ ‘

The central vacuum system is instrumental in maintaining the.
‘cleanliness of the control rooms at the oxide plants., ' These
supplied-air control rooms are specifically designed as exposure
controls for lead exposure. Freguent use of the vacuum in these
control rooms qguickly removes dust and prevents its

accunmulation.



5.0 '~ RECOMMENDATIONS FOR SUCCESSFUL APPLICATION

A central vacuum system can provide an effectlve, convenient
means of removing dust and dirt from the workplace.. Central
systems have been installed in some‘seconda:y smelters and have
proeven useful. This section contains a number of recommendations
‘presented as "points to consider" when planning a central vacuum
system. These recommendatibns are taken from litératurevsupplied
by vacuum manufacturers, from experisnce reported by lead smelter
overators using central vacuum systems, and from our observation

of the systems in use.

5.1 DETERMINING A NEED FOR A CENTRAL VACUUM SYSTEM
The OSHA lead standard (29 CFR 1910.1025) reguires that vacuuming
methods be .used for surface cléaning. Other‘cléaninq methods may

- be used if vacuuﬁing has been tried and found ineffective.

A central vacuum system is a convenlent 1nstallat10n It is

esoec1ally useful when:

e It is desirable to have wvacuum ecu_pment available

at several different locations at dlfferent times.

A central vacuum system offers this flexibility

because it is an integral part of plant structure.

e It is desirable to be able to clean up spill

immediately. The convenience of having a vacuum

inlet valve nearby allows Splll cleanup to take

place 1mmedlately.

\
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¢ The area to be cleaned is larae., Central vacuum

systems are especially well suited to the cleanup

of large areas.

e 1A separate clean-up crew is not available. Conven-

iently located vacuum inlet valves make it pocssible
for cleanup to be a part of any worker's job

routine,

e It is desirable to have a number of peoéle vacuuming

at the same time. A central vacuum system is

specifically designed to offer this flexibilityv,.
5.2  DESIGN GUIDELINES

The central vacuum system must Operate‘effective1§ if it is to
fulfill its function in exposure control. If pickup velocities
are too low, much of the system's value is lost because cleaning
tools cannot remove dust effectively. Many passes of the
cleaning tool are feqﬁired and significant amounts of dust may be
left behind. Much time is lost and workers can become V
‘discouraged. Poor design of vacuum lines and inadequate
transport velbcities can result in line blockages and freguent
downtime for the system. Again, much time 1is lost and workers
can become discouraged. The goal of good design is to provide a
system that works well, requirés little maintenance, and (most
importantly) gets. used.

5.2.1 ‘ Location of Vacuum Inlet Valves
Vacuum inlet valves should be located where they are convenient
to use. This reguires careful study of the workplace. In

congested areas or areas reguiring frequent cleaning, inlet

valves should be located so that a relatively short piece of
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flexible hose can be used. Unwieldlyrlengths of heavy‘connecting'
hose present a storage and mobility challenge. When this .
challenge must»be met frequently and in the midst of traffic or

equipment eongestion, the central system ceases -to be a

convenience.

Yard areas, offices, lunchrooms, maintenance shops, upper level
platforms, and flue dust handllng systems may benefit from ready

vaccess to the central vacuum system and should not be overloocked.
5.2.2  Location of the Vacuum Producer .

The vacuum:producer should be located centrally with respect to
the location of vacuum 1n1et valves in order to reduce friction
losses associated with long runs of vacuum lines. The vacuum'
producer and drive: motor may be 51cn1f1cant noise sources and
should be located 'so that they do not present a noise hazard

The vacuum exhaust  should be located so that it does not present
a lead exposure.hazard,should there be a failure in aircleaning

~equipment.
5.2.3  Location of Separators

The baag separator and cyclone separator should be 1ocated
immediately upstream from the vacuum producer. Addltlonal
cyclone sepa;atcrs,may be used further upstream if vacuum line
“runs are long and ddst‘loadinq is heavy. bheadylaccess to
collectlon containers should be’ provided so that it is easy to
collect and replace: them ‘ Adequate space should be provided so
that inspection doors and cleanouts can be used w1thout

obstruction.
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5.2.4 Design of Vacuum Line

Vacuum. lines should be designed to provide adegquate transport
velocity for'the'materials being conveyed.; Access for eésy
cleanout of blocked lines should be provided. Elbows, bends, and
connections should promote smooth, even airflow. Since elbows
and bends are eSpeciﬁlly subdject to abrasive wear they should be

reinforced and constructed for easy changeout,
5.2.5 Sizing the Vacuum Producer

The velocity of air sweeping across the surface being cleaned and
intc the inlet of the cleaning tool is the true cleaning agent.
This inrush of air scours loose dirt deposits and picks ub dust
and dirt. The central vacuum system should be sized so that it
provides an adequate pick-up velocity. Once dust and dirt enter
the system, adeguate traﬁsport velocity needs to be maintained so
that material does not settle out and plug lines. Correct sizing
for a central vacuum system is critical to its success. The
services of a professional design engineer (with experiénce‘in
designing central vacuum systems for lead smelter applications)

should prove a worthwhile investment.

5.3 EQUIPMENT SELECTION

. . |
Central vacuum eguipment is manufactured for a variety of
applications ranging from cleaning Eospitals to cleaning nuclear
power plants. It is important thatlequipment suitable for
" service in a'smelter>enyironment.be séiected from the many

available options.
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5.3.1 ° Cleaning Tools

A variety of floor and hand tools are available. The plants
.visited in this study used all-metal floor and hand tools. Tools
with brushes have been used but they proved unsatisfactory for
most applications. Tools with brushes‘arg-uSgd, hoWéver, in
cleaning lunchrooms, cohtrbi rooms, and other areas with tilé»
floors and light dust‘loadingé. o

Extension handles for floor tools are available in different
lengths to accommodate workers of different heights., Selection
of a handle that "fits"” the worker is eSpecially-important if

that worker i1s expected to coperate the vacuum for a whole shift.

Cleaning tocls énd élbow joints constrdéted of aluminum may not
wear well. At the Tonolli smelter, aluminum cleaning tools are
used because they are lightweight and easy to handle. The use of
aluminum elbow jbints was, however,-dis¢ontinued because they

wore out gquickly.’
5.3.2 Connecting Hose

a éompfomise must be stfuck between”durability and ease of
handling. This may involve some experimentétion with different
materials and weights of construction. 1In the plants visited,%
the hose types that worked out best were a heavy duty plastic
hose and a corregated rubber‘hose. One plant used circular steel
spring bands around the hose to lift it off the floor and reduce

abrasive wear,
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5.3.3 Vacuum Lines

Vacuum lines at General Battery plants are constructed of 16
gauge steel tubing. This material has provided satisfactory
wear, ekcept at some elbows.' Vacuum lines at the Tonolli plant
are constructed of schedule 40 pipe. To date, this material has
provided satisfactory wear. Mechanical couplings are used at the.
Tonolli plant to facilitate cleanout and changeout. This
arrangement has worked out-ektremely well. Slip fit,

welded couplings are used at GeneralvBattery planté to connect
tubing. This arrangement has worked well, but maintenance
personnel report that the industrial plant Qécuum ;ine lacks

sufficient clean out access points,

5.3.4 . Separators

General Battery Corporation has‘expefienced a problem with
manually~operated bag shakers: they may not be used. Automatic
bag shakers are avallable and may present an advantage in
situations where the task is subject to neglect.

5.4 ' EMPLOYEE EDUCATION

Central vacuum systems are easy to use and their methed of

" operation is essentially self-explanatory. There are a couple of

" operating points,'however, that should be stressed:

@ It is the inrush of air into the cleanina tool

that is the true cleaninag agent, It is counter-

productive to bear down on cleaning tools or hold
them so that the inrush of air is sealed off.
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Vacuum pick up should be limited to materials that

will not +dam or clog tubing, fittings, and

separators. Paper towels, plastic bags, welding

rbd_ends, nails, wet or_oil*soaked'material, etc.,
need to be removed by means other than the central

vacuum system, -
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1.0 INTRODUCTION

Ihié;réport describes the results of a project funded by the
National Institute for‘OccupationalISafety and Health (NIQOSH)

.to investigate exposure and emission control technologies:with
potential application to the secondary lead smelting industry.
This particular project investigates the employment of a screcw.
conveyor system to recycle lead flue dust at the General Battery
Corporation (GBC) secohdary lead smelter in Reading, Pénnsylvania.

Thé project was conducted by the Occupational Safety and Health
Division of Radian Corporation. The information in the report

was obtained by Radian through visits to the General Battery plant
in October and December, 1981 and through contact with vendors and

designers of screw conveying equipment following those visits,

The information developed and‘presented in this report is not
intended to provide a definitive solution to the problem of
handl;ng of leaded flue. dust. The studylls, however, a review
.of GBC's atfempts to .solve this problem and the experience gained
in this effort. This report (1) provides a technical description
of the system and it's operation, (2) reviews operétion and
maintenance reduirements, (3) describes financial costs and
advantages, (4) assesses environmental variables, (5) describes
problems experienced, and (6) suggests some recommended de31gn
considerations to help alleviate operational problems



2.0 BACKGROUND

Secondary lead smelters typically capture lead and other

particulate airborne material in air cleaning devices to reduce
emissions to fhe ambient environment. Equipment used to capture
and control these emissions generate large volumes of high lead

content flue dust.
2.1, GENERAL METHODS OF HANDLING AND DISPOSING OF FLUE DUST

The actual collection of flue dust poses few exposure problems,
other than during maintenance of collection equipment. It is
during the handling and disposing of collected flue dusts that
exposure problems occur. Several opticnal methods exist for
handling collecte& flue dust and are currently being practiced.
Among these are: .

o Selling flue dust to other users, e.g. secondary
or primary smelters. .
Disposing of the flue dust in .an approved landfill.
o Recycling of the flue dust for the purpose of

reclaiming the lead content.

'GBC does not consider the selling or disposing of flue dust tc be -
viable options because (1) the flue dust represents a substantial
economic value to the smelter due to its lead content, (2) suitable
landfills are not available in ;he area, and (3) shipment of flue
‘dust to other users presents potential environmental problems.

- Furthermore, potential buyers are becoming scarce because of the
difficulties associated with the handling of flue dust. For these
reasons, GBC has elected to recycle captured flue dusts through

their reverberatory furnaces.

-
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2.2 METHODS OF FLUE DUST RECLAMATION

A number of different methods for handling and recycling flue
dusts have been deveIoped in the secondary smelter industry.
This section provides an overview of these methods and
introduces GBC's approach of conveying flue dust directly to

a furnace.

The major approaches to flue dust reclamation are presented

below:

o QOpen Storage and Transport This simple approach

allows flue dust to be piled up in the wvicinity
~of the baghouse. Front-end loaders then transport
the flue dust to the charge prepération area for
m1x1ng w1th other charge materlals or to storage
This method creates high exposures due to wind
er051on,spllls rubber-tired vehicle traffic,
vibration, and the general contamination assoc1ated

with open transport.

o Container Transfer. In some piants, flue dust is

collected in containers, both opén and closed.

These mdy include barrels, steel bins, boxes, or
large canvas bags. While moye'eﬁvironmentally
protectivé than open tranéport thlS approach also
results in considerable emlsSLOns and exposures, _
usually as the result of poor work practlces, SplllS,
and during dumping of the container. Collection and
transfer of flue dust in tote bins also create
emission and exposure problems during removal of the
bin from the collection device and during charging
at the furnace. One problem is that the flue dust
must either be dumped or shoveled all at once.into

DI



the charging device within an exhausted protective
enclosure. This operation potentially creates
additional fugitive emissions and exposures.
Exposures are especially affected if the dusty
material is manually shoveled. Another container
transfer method has been developed at a plant in
Denver, involving the filling of disposable
cardboard containers with flue- dust, and charging
the containers directly to the furnace.

o Modifying the Form of the Dust. Some smelters

alter the dusty characteristics of the flue dust
so as to reduce emissions. This is accomplished
by wetting, e.g. with a pug-mill, or by
agglomérating, e.g. with a Bergsoce-type hearth
furnace or a Tonolli-type rotary furnace. This
techﬁiquew can reduce‘emissions-but usually
requires a restrictive set of metallurgical
parameters and still requires handling of the
'agglomerated dust. Further, the cost of the
approach can be high, typically $100-200K, or

more.

"o Conveving Flue Dust to Point of Furnace Charge.

This approach, which 1s described in detail in
this report, keeps flue dust in an enclosed
system, which thecretically eliminates the

potential for emission.

. % Agglomeration of flue dust has been studied and is reported

by Radian in. "Emissions and Emission Controls at a Secondary
Lead Smelter,' January 1981 and in ''Control Technology
Assessment: The 'Secondary Nonferrous Smelting Industry,'"
NIOSH Publication 80-143, October 1980. -
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3.0 GENERAL ASPECTS OF SCREW CONVEYING/RECYCLING ?LUE DUST

Automatic-and confinueus.recycling of flue dust'atwsecondary ‘
lead smelters.might be accomplished by any one of the previously
described handling methods; however, screw conveying of leaded
flue dust has several adwantages. According to one manufacturer,
designer, and installer of various types of conveying systems,
screw-conveying is the most economical method for handling lead
,oxide or flue dust.  Screw conveyor systems can be fotally
enclosed from the p01n% of flue dust collectlon (usually at a
baghouse hopper) to the' furnace charge p01nt and they can be

held at negatlve pressure . to prevent em1551ons

The properties of lead flue dust typically collected in secondary
smelters are Such that some special considerations must be- taken
into account when selectlng a material handling system. The flue
dust is not‘51gn1f1cantly corrosive but possesses moderate
abrasive qualities. Most significantly, lead flue dust has a
high density and may pack under normal conditions; Finally, it .

may become like cement if it collects moisture.

Some screw conveyor system components are shown in Flgure 1.
Conveyor screws are available in dlfferent conflguratlons to
serve different functions, as shown in Flgure 2. Standard pltCh
screws (upper left corner, Figure 2) are normally selected for
flue dust handling in main sections. Trough enclosures are
generally selected over tubularltypes because of maintenance
aceessu“'Hanger:bearings and shafﬁs made of hardened (abrasive
resistant)>materials‘are-recommended by most manufacturers. for

g systems handling lead oxide 'or flue dust.
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FIGURE 1

The Conveyor Screw imparts a
smooth positive motion to the ma-
terial as it rotates within the trough.

Couplings and Shafts connect and
transmit motioh to subsegueant
screw conveyars. Held in place by
sell-locking Tem-U-Lac bolts.

Hangers provide support, main-
tain alignment and serve as bearing
surfaces. ‘

Troughs and Covers completely en-
close the material being conveyed
and the rotating parts. Covers are
available in various types and are
secured to the trough by Spring.
Screw, Tite-Seal or quick-acting
Barron' Clamps depending on the
trough cover combination used.

Inlst and Discharge Openings may
be located wherever needed, dis-
charge spouts may be without slides

or fitted with either flat or curved

slides. These slides may be op-
erated by hand, rack and pinion
gears, or by power,

SCREW CONVEYOR COMPONENTS

SOURCE: SCREW CONVEYOH CORPORATION
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FIGURE2Z  CONVEYOR SCREW TYPES

STANDARD -PITCH. SINGLE FLIGHT

Conveyar screws with pich
equal to screw diameter are
“considered standard” They
are surtable for 3 wide range
of matenals m most con-
ventional applications,

TAPERED, STANDARD PITCH, SINGLE FLIGHT

Screw flights increase from
43 to full dizmefer Used in
screw  feeders to provide
uttiform withdrawal of lumpy
matenals  Generally equiva-
lent to and more etonomical
than vanable pitch.

SHORT PITCH, SINGLE' FLIGHT |
o~

diameter  Recommended for
inclined or verticat applica-
ttons- Used in screw feaders
angster prich retards Hushing
of malerals which fluidize

Flight pitch is reduced 15 %

SINGLE CUT-FLIGHT, STANDARD PITCH

——0— Serews are notched. at regu:
lar intervais al outer edge
Affords miuing achion and
agitation of mareria! in tran.

MM T
= —— D st Useful tor moving ma-
g/‘ \f]f \'1/ . tenais which fend m. pack.

HALF PITCH, SINGLE FLIGHT
= Simuiar to short pitch except
' piieh s reduced to 1y stand
ard piteh Useful for verical
or inchned apphcatiens, for
screw Teeders ang lar hand.
fing extremely  (lmd  ma-
Aenals. ' '

- CUT & FOLDED FLIGHT, STANDARD PITCH
0 .. Folded fight segments lift

and spidl the material. Par

/Y tally retarded flow provides

i thorough' muing action. Ex-

r - D celfent for heating, cooling

L/" : '\a[’ o or aerabing light substances

[

LONG PITGH, SINGLE FLIGHT

Piteh 15 zqual to 114 digm-
Usetul for agitating

— 10—

H | efers

g movement of very lree-flow-
ng materials,
i

—* fluid matenals or for rapd.

SINGLE FLIGHT RIBBON

b Excellent for conveying sticky
of wviscous materrals  Open
space between flighting and
pipe eliminates collection

VARIABLE PITCH, SINGLE FLIGHT

- Flights have ncreasing pitch
and are used in screw feed-
ers 10 provide untorm with-
drawa] of fine. Iree-ilowing
materials over the Jull length
of the siet apening.

STANDARD PITCH WITH PADDLES

_‘D_ —_— '
Adiustable paddles positioned
between screw ffights cppose

flow to provide gentls but
thorough mung action.

.DGUBLEv FLIGHT, STANDARD PITCH

F40———D—

) : Double (light, standard pitch

screws provide smooth. regu-
/ lar materia) flow and ymi

Y N\ ] o form movement of certain

_J_ types of materials

.

PADDLE

— Adiustable paddles provide
] complete mixing actign, and
= controlted material flow,

 Toa2802

SOURCE: CONVEYING MACHINERY COMPANY

and budd-up of the matenal



4.0 DESCRIPTION OF GENERAL BATTERY CORPORATION PLANT
OPERATIONS - READING, PA.

4.1 . GENERAL PLANT DESCRIPTION

General Battery Corporation's (GBC) facility in the Reading, PA
Me tropeolitan area'is located in Muhlenberg Township and the
Burrough of Laureldale. The plant produces hard .and soft .
lead ingots and antimonial alloys in two (almost) idgntiéal
blast furnace- reverberatory furnace installations. Scrap |
industrial and SLI batteries are the major raw materials.
When the plant was constructed in 1971, it had two blast
furnaces, a reverberatory furnace and ten kettles. In 1976-
1978 reverb No. 2 and additional process gas handling and
sanitary ventilation/gas treatment systems were added. The
nlant layout is shown in Figure 3. | |

This plant is among the largest U.S. secondary smelters. In
addition to smelting operations, GBC manufactures. SLI,
industrial, and motorcycle batteries at this facility.

This plant charges entire (crushed) plastic-cased batteries
and tops (grids and posts) of rubber-cased batteries to two
" blast and reverberatory furnace trains, each of which has a
rated output capacity of 65-80 tons/day. Batteries and flue
dust are charged to the reverb furnaces and reverb slag is
charged to the blast furnaces.

© As shown in Figure 3 material flow through the smelter occurs
. generally from the north to the south end. The operatlons
occur in the following order from north to south: raw material
receiving and storage, battery breaking, charge storage and
preparation, smelting/refining/casting operations, and slag’
storage. Reverb furnace slag is transported from the south
storage area back to the charge storage area for blast furnace
feed and flue dust from baghouses is recycled back toc the

g | | ;1<
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reverberatory furnace feed.
4.2 | SCREW CONVEYING/RECYCLING OF FLUE DUST

As described above, GBC recycles its flue dust, containing high
concentrations of léad material, in an enclosed screw conveying
system. GBC incorporated the system in the original Reading
Plant design built in 1971 and expanded the system in 1978.

Each of the two process trains has its own air handling and
cleanup Systems,\consisting of one ventilation (hygiene) system
and one process gas system each. The ventilation system for
each process train collects particulate gaseous emissions from
the slag and lead taps at the blast furnace, slag and lead taps
at the reverb furnace, raw material discharge and charging
points at the reverb furnace, and the refinihg kettles. The
process gas system for each process train collects hot process
gas and particﬁlate from tﬁe'top of the blast furnace, process
gas from the réverb furnace, and fugitive emissions and heat
from the top of the reverb furnace. The ventilation systems

' discharge directly through ventilation baghouses. The process
gas systems discharge through after-burners, cooling tubes,
process baghouses, and then a venturi and scrubber. The combined
collection of all systems is estimated to average 2500 to 3000

~ pounds of flue dust ﬁer hour. '

Lead flue dust is collected via trough screw conveyors, as shown
in Figure &4, from the bottom of each of the two sets of cooling
tubes, the bottom of each of the four baghouses (two process
houses and two wventilation houses), and from the bottom of the
#2 process gas duct (between the cooling tubes and the #2
process baghouse). The dust from the #l process and ventilation
baghouses and the #2 prdceés gas duct and process baghouse are
collected individually and fed to a main gathering screw at
ground level. The #2 ventilation system baghouse is handled

10 6=
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by a separate screw conveyor system. Both screw conveyor systems
dump inte bucket elevators at locations outside the smelter
building, which in turn dump back into overhead SCTrew conveyor
systems running into the building. These two overhead systems
converge above the #l reverb furnace to form a single feed
stream. The feed stream screw conveyor feeds the flue dust
charging chute at either the #1 or #2 reverb furnace, one at

a time;alternately.‘

The flue dust chutes allow the dust to flow separately from the
other charge materials by gravity to the charging ram. The

flue dust chute feeds into the ram compartment at a noint
between the raw materials. charging chute and the entrance of the
ram into the furnace. The flue dust and raw materials are fed
separately to the ram to control moisture éntering the dust
handling system from the wet raw charge materials. Figﬁre 3
shows a general representation of the feed/charge arrangemeﬁt.

The screw conveyor system was constructed in two phases. The
first phase was part of the original plant construction in 1971
and included the collection system from the #1 process cooling
tubes, the #l prbcess baghouse, and the #l ventilation baghouse
and the conveyor system from that area to. the #l‘feverberatory
furnace.  The remainder of the system was installed during a

plént expansion in 1978. The two segments comprise a total system
which is designed for a maximum surge loading of 54,000 pounds

of flue dust per hour (900 1bs/min). Although it is estimated
that the system handles an average of 2500 to 3000 pounds per

hour (based on long term data), the maximum surge load experienced
in a short period of time is unknown. .

All sections of the screw conveyor system employ l2-inch diameter
screws in the main runs and mostly 9-inch diameter screws at
gathering points. All screw sections are contained in troughs

e
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with screw-down covers. Cleanout doors are provided at each
transfer point throughout the system. In total, there are
approximately 1300 feet.of screws and troughs and two bucket

~elevators. Figures é and 7 show typical sections of the
system. | '
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MAIN
BUCKET
ELEVATOR

#1 \
VENTILATION
BAYHOUSE
SCREW
CONVEYOR

MAIN
- GATHERING
SCREW

FIGURE6  SCREW CONV
ELEVATOR

et

EYORS AND MAIN BUCKET
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FIGURE 7 OPEN FLUE DUST SCREW CONVEYOH COVER
TROUGH, AND SCREW

D
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5.0 QPERATION AND MAINTENANCE

Thls sectlon describes requlrements for the operatlon and
malntenance of the screw conveyor/recycle system Most of

these requlrements result from problems in the GBC system '

(A description of these problems and potent1a1 solutlons are
discussed 1n‘5ect;on 8.} .

Because of problems incurred with blockage at different points
~in the system (see discussion in Section 8.2) an operational
requitement has been established. Pollution control personnel

' (those maintaining pollutlon control Systems) spend approx1mately
2 man-hours each shift cleaning out ‘transfer points. ‘Prior to
adopting this practice, overflows in the system occurred
apptoximately once a shift and required 2 to 3 man-hours to
.cleen‘uﬁ..-cldgs in the system seem to occur most frequently at
'the end of ‘the feed screws where the flue dust is fed to the
charge chutes. and less frequently at other transfer points, such

as that dumping‘into'the bucket elevator boots.

_Maintenehce requirements, both scheduled and unscheduled, are
estimated to average approximately 3 man-hours per day or
1 man-hour per operating shift. Scheduled maintenance includes

weekly greasing and oiling of drive and screw assemblies.

-‘Unscheduled maintenance .primarily consists of replaeing‘brdken
shaft couplings, hanger bearings and worn out_screws. The
frequency of these requirements is unﬁredictable. One
maihtenance'wofker stated that there may be no failures in a =
given week and then as many as elght in another. Maintenance
' time is increased by the presence of screw-down trough covers

'rather than the clamp type

uujﬂ
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The majority of unscheduled maintenance requirements'experienced
with this system are considered to be avoidable af new
installations. See Section 8 on the analysis of system problems
and recommended design modifications and con81derat10ns
Scheduled maintenance will be necessary with any system and some

degree of unscheduled maintenance will occur from time to time.

18



6.0 ENVIRONMENTAL CONSIDERATIONS

‘ Although:the objective of this evaluation is to assess the
application of this teehnology for control of worker exposures
to lead, other aspects of environmental concern are mentioned
here. This,operation produces no additional solid or hazardous
waste, and actually reduces the volume that might be generated
under other approaches.l Thére is no water involved in the |
process nor any washdown or liquid discharge‘points - Noise 1is
also not a problem since the only potential noise sources are
the electrlcally driven motors and the screws being mechanlcally
rotated, Emission of leaded flue dust to the air is the only

major environmental consideration.

There is ﬁo'easy way to quantitatively evaluate the impact of
emissions ou persoﬂnel exposure or on the ambient'environment
Measurement of alr concentrations or exposure levels before and
after- the installation of this technology was impossible, since
it was part of the orlglnal plant 1nstallatlon Major exposure
- and emission problems only occur if the system lS opened or

durlng upset condltlons

At GBC, or at -any other‘opéretion‘of‘a scréw conveying system,
some scheduled maintenance of internal'components.is required
and is an unavoidablé exposure condition. Upsets can also be
expected to occur‘periodioally, which may.cause system shutdown
and repair. However, routine'cleaning-Out“Of‘trensfer points
within the system and frequent repair and .réplacement of
couplings at GBC, as described in the previous.section, are '
operations in which'ekposures may be potentially reduced.

These operation and maintenance exposure conditions are depicted
in Figures 8 and 9. Such exposures are not expected to occur

in new 1nsta11atlons following the de51gn con51deratlons presented

" in Section 8.
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'FIGURE®  CLEANING SCREW CONVEYOR TRANSFER
POINTS
r;\- .
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’FlGURE 9 REPLACING BROKEN HANGER BEARING AND
COUPLING ‘

A

21



Fugitive emissions are also expected to occur to some degree in
most systems, which result from incomplete sealing during
installation, wear and deterioration of equipment, and operational
upsets. These emissions add to the overall emission to the
atmosphere and creaté exposures where pérsonnel are working in

the area. At Cene;al Battery, fugitive‘emissions from the screw’
conveyor sysfem'do'not appear major. They are controlled by
maintaining the system and by keeﬁing a slight negative pressure.
placed on flue dust conveyor troughs and handling equipment.

Based on static pressure measurementé‘taken during the site visit,
it was found that a negative pressure is maintained on all outer
portions of the two systems (between the baghouses and the bucket
elevators). _?rom the bucket elevatecrs to the feed point at the
furnaces (the inner portion of the system), the pressure was

equal to atmospheri¢; i.e. no positive control of emissions. The
negative pressure maintained on the outer reaches of the system

is the result of the negative pressure of the attached baghouses.
There is also one direct ventilation tie-in at the bucket elevator
on the main gathering cbnveyor system that maintains a negative
‘pressure on that system component (see Figure 10). -

Minor emissions occur at points where drive assemblies enter the
troughs (Figure 11), at cracks and openings on the main bucket
elevator housing (Figure 12), and at the charging rams where dust
is pulled out of the'éharging shaft on the ramslide mechanism.
Dust pulled out on the famslide mechanism is limited by a
permanently installed rubber scraper which scrapes dust off the
mechanism and down a slide into a tote bin (Figure 13).

A major source of occasional emissions, reported during the visits
to GBC, 1is the occurrence of overflows from thé overhead screw ‘
conveyor system. This reportedly occurs because of blockages in
the flue dust chargingchﬁte,causing‘flue dust to_baék-up from

22



 FIGURE 10 VENTILATION TIE-IN AT MAIN BUCKET ELEVATOR
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FIGURE 11 FLUE DUST LEAKS AROUND MOTOR DRIVE SHAFT
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FIGUhE 12 FLUE DUST LEAKS AT CRACKS AND SEAMS
ON BUCKET ELEVATOR
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FIGURE 13 CHUTE AND COLLECT!ON BIN FOR DUST COLLECTED FROM
CHARGE RAM o '

A
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the charging chute through the screw conveyor troughs. When
the backed-up dust places pressure on a weak point in the
system (e.g. a loose cover or an access door) fhe dust breaks
through and pours out over the smelter area, until somecne
shuts the system down. Figure 14 shows the end of the screw
conveyor_systém at the flue dust charging chute, the access
door ‘where many overflows occur, and dust left over from past
spills. S ' '

! .
Since the time of-the site visits, some additioqal‘control
actions have been taken at GBC to limit continuous fugitive
emissions and overflows from system upsets described above.
- These actions are discussed in Section g. ‘ |

!

<
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FIGURE 14 OVERFLOW POINT AT TOP OF THE FLUE DUST
FEED CHUTE
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7.0 . COSTS

‘It is estimated that GBC,may recyclé as much as 30 to 40 tons of
flue dust’per operating day (24 hours). From assays of the flue
dust,.the'lead content has been measured at 50 to 60%. This"
interprets to approximately 15 to 25 tons of lead per day reéycled
‘as flue dust. According to GBC, an approximate figure of 20

cents per pound of refined lead T3O cents per lb. market value
minus 10 cents per lb. processing costs) may be realized in
savings. - At GBC-Reading this may edﬁate to a total value of
reprocessed lead of $6,000 to $10,000 per operating day.

' The cost of the screw conveyor system at GBC is.not available
sinée it was a small portion of a much larger, phaéed engineefing
ﬁroject. 'However, the designer and manufacturer 6fjthe screw |
,conveying'system at GBC, Hussong-Walker-Davis Company, provided
the following general costing guidelines at 1981 prices to =
estimatefequipment and construction costs, As a general guide-
line, a standard SO-foqt-ldng'section comprised of‘lZ—inch screws,
troughs and covers, and a lO-horsepower,ratéd motor, should be

_ estimated at $250 per running foot or $12,500 total for équipment
~ costs. Equipment costs for conveyor sections lpﬁger or shorter
than 50 feet. should be‘based bn~thé 50-foot éection price plus or
minus $l?5'per running foot for each foot gréater QrIIess than

50 feet (e.g. éost>of a 70-foot section = $12,500 + (20 ft.) ($l75/ft.)
= $16,000).“-Erection coété‘shohld‘be“estimafed at 530 per‘running
foot of conveypr."Any walkﬁays and handrails for abcess to
sections above ground level should be estimated at an additional
$150 per running foot of walkway. 'Approximately 6 months should
be allowed for planning:'design, manufacture, and installation

of a total system.

29
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Operating coété include the energy to run the system and any

‘labor that'might be involved. Although considerable O & M

labor is required at GBC, it is not expected'that new installations
will have that extensive requirement. Energy costs were mnot
available at GBC but a maximum cost may be estimated for new
designs based on an average recommended désign rating of 10
horsepower per 50-foot length. For example, aséuming 500 feet of
conveyor length, $0.05 per KWH, and an around-the-clock operation,
the maximum energy cost would be $90 per day (10 HP/50 ft. x 500 ft.
x 0,746 KW/lIHP x 24 hrs. x $.05/KWH) or $32,000 per year; of
course, this représents‘the maximum cost, and the average should

be much less based on the averége horsepower demand.

Maintenance and replacement costs include labor for scheduled

and unscheduled maintenance and equipment costs. Labér qosts at
-GBC are estimated to be approximately $8,500 per year. Experilence
at GBC indicated that the replacement frequency for most major
system components (e.g. screws, troughs, etc.) is 4 to 5 years.

30



§.0 DISCUSSION

It is concluded that screw conveyor/recycling of lead flue

dust to reverberatory furnaces has significant merits (e.g.
closed transport, non-labor intensive,‘and good economic returns
- from reclaimed lead value). More importantly, a closed screw
conveyor system, similar ﬁo that observed at GBC, should
"significantly reduce employee éxposﬁres-in,comparison to the

use of other non-closed methods, if opérational problems
described in this report can be limited. Recycling of flue

dust in other than an enclosed controlled system invariably
contributes to airborne lead levels thfoughout the smelting area,
adding to the overall exposure of all smelter area personnel
(e.g. furnace operators, casting operators, and refiners).

This section discusses the potential application of screﬁ
conveying to other plants, problems-aésociated with the system,
and design considerations for new instéllaﬁions. These should}

" be thoroughly evaluated béfore any endeavor is undertaken to
install a screw conveyor system. Prime consideration should be
given to the design and safeguards of conveying systemlcompdhentsl
in the smelting area (within the building) to prevent fugitive
emissions and overflows in populated areas. Without emissions,

in the smelting area the only pérsonnel that should be

potentially exposed are the maintenance personnel. .
8.1 APPLICATIONS

From the experience at GBC it appears that screw conveying of

flue dust may be appliedlto reverberatory furnace operations,

in general, with little or no metallurgical or production impact.

" Continuous recycling of all flue 'dust at GBC to the reverberatory

- furnaces has'resulted in no observable product changes under normal
operating conditicns. Under conditions where a build-up of flue
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dust occurs and a larger ratio of flue dust to raw material is
charged to the furnaces, the slag may be more watery. Screw
conveyor systems can be retrofitted to most existing gas clean-up/
collection systems or installed as part of a new system installation.
Charging of flue dust to the reverb furnaces may be accomplishked

by either feedlng‘flue dust to the raw materials charge point at

the furhace, as is done at GBC, or by feeding flue dust directly-
into the furnace via a water cooled chute. For application of

this technology to existing smelters adequate overhead space for

runs of conveying equipment must be considered.

The cohcept‘of screw conveying/recyqling flue dust directly to
blast furnaces draws varving opinions. To our knowledge this
application has not been tried. Blast furnaces are established

as batch operations and screw conveying is continuous. The screw
conveying operation would probably have to be converted to a
batching process. If flue dust is held near the.furnace inlet

for batching it may become molten.' Flue dust intrbduced into the
blast furnace may become entrained in the flue gases leaving the
furnace, potentially short circuiting the recycle system.

8.2 PROBLEMS

The majority of the problems experienced at GBC with screw
conveying of lead flue dusti are due to clogging. Major emissions
and exposures are attributed almost entirely to these upset
conditions. Plugglng or clogging occurs as a result of 0verload1ng

or packing within the system.

At General Battery, overloading of the system was found to occur

if all baghouses cycled at the same time, causing a massive flow
through the system. Since the visits to GBC, changes have been
made in the baghouse cleaning cycles which have reportedly helped
reduce overioading of the system. The length of time eéch baghouse
cell is shaken has been reduced, but the frequency of each cycle

has been increased. Overloadlng alsc can occur when any portion
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‘of the system is shut down for maintenance and the built-up

load is allowed to flow.

Clogs occur at transfer points bétween_screw-conveyor sections.
Most of these points are located out of doors where moisture
‘may enter the system due to negative pressure on the system.
 Packing may also occur at: these points because of restricted
discharge openings between sections. Packing at these locations
is compounded by dents and disfiguration of the trough transfer
points caused by pounding with a steel bar to dislodge any
build-up. ‘ ‘

Packing is also a major problem in the GBC system at the bucket
elevators. Packing in the boot of the bucket elevators occurs to
the point that it occasionally strips the buckets from the
elevator drive. This may be due to moisture, undersiéing of
buckets,.pooé adjuStment of bucket lips, or compaction from the

vertical drop of dust into the boot.

Clogging in the GBC system occurs frequently at the charging
chute. This may be attributed to several different factors:

(1) Raw materials being charged to the furnace may be rammed into
the dust charging chute causing blockage which allows dust to
build-up back through the chute into the overhead screw conveyor
system, or (2) moisture may be drawn or forced into the system
from the raw charge materials, although no negative or positive
pressure was detected in this section of the system. GBC has tried
using vibrators on the charge chute, but it failed to stop the
clogging. Since the visits to GBC, a limit switch has been
installed at the top of the flue dust charge chute to deactivate
the conveyor system and alarm the operator if a'clog occurs.
After a short trial period, this modification has been judged to
- be a major success in limiting major emissions within the smelter
area.

RIAS
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The fréquent replacement of hanger bearings and éouplings on
screw shafts and less frequent replacement of screws and other
major components may be attributed to the heavy stress placed
on them by frequent clogs in the system, selection of improper
coupling and bearing materials, undersizing of components, or
poor maintenance. - The rigorous maintenance schedule at GBC
would tend to dispell poor maintenance as a likely cause. .
It is believed that the problem is a result of the stress caused
by clogs in the system and selection of standard bearings and
couplings instead of -hardened and strengthened components.

GBC is in the process of installing load limit switches on the
screw conveyor drive motors to shut down the system before
couplings or screws break. It is suggested that it will be
quicker (and obviously less expensive) to manually unclog the

jammed: screw section than to replace broken couplings and screws.

Fugitive emissions from the other sources mentioned in Section 6
are considered to be relatively insignificant or controllable
through additional application of negative pressure to the
system ornenclosure. Since the visits to GBC, the slide and
tote bin, collecting dust from the charge ram, have been
enclosed and ventilated.

8.3 DESIGN CONSIDERATIONS
It appears that most of the problems described in the preceding
section can be greatly reduced through .improved design. The

following items are recommended far consideration in the design
of a screw conveyor system for handling lead flue dust:

0 Arrange, if possible, for all gas cleanup systems
(baghouses) to cycle at different times.

34



For periods when conveyor segments may be shut
down for repalr or maintenance and then restarted
provide a by- pass to handle the contlnuous

- build-up 'in the collectlon devices or de51gn the

"conveyor system to handle a hlgh flow in order to

prevent overloading.

Size the screw conveyor system to handle flue dust
at a maxlmum trough depth of 15% (12 -inch screws
have been found to work best at GBC and are
recommended by vendors)

Use sealed covers on all conveyor sections and
assure that all transition and junction points. are
sealed tight and protected from potential water

infiltration.

Specify spring-clamp type cover fasteners or

equivaient for easy removal and replacement.
Oversize discharge openings ‘at all transfer points:

Oversize bucket elevators or consider use of drag
conveyor or inclined screw to elevate load, where

"room is available.

Design a flue dust feed chute with a spring-loaded.
trap door if a ram chargelconfiguration is used
(see Figure 15). This should reduce the amount

of dust deposited on the ram as well as prevent

clogging in the feed chute.
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Design valves in the flue dust feed sysﬁem to
allow all furnaces to be fed simultaneously,
individually, orlélterﬁately by remote selection.

Install limit switches at poiﬁts where maximum
build up and clogging are likely.

’

Use only hardened bearings and .couplings.

Provide negative pressure on all sections of the
' system, especially those inside the work area,
to prevent fugitive emissions (this may be
partially accomplishéd by the negative pressure
placed on the system by the attached baghouses
and by addition of an exhaust system tied in at
the flue dust charging point).
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FOREWORD

The National Institute for Occupaticnal Safety and Health (NIOSH)
is responsible for helping ensure that every perscn in the U.S.
has safe and healthful working conditions. To accomplish this
end, the Institute engages in research on occupational safety and
health problems including evaluation of hazards and their
control.

One of the hazards considered for evaluatlon and control is lead
exposure in.the secondary lead smelting industry. NIOSH
therefore funded a study to demonstrate emission and exposure
controls at secondary lead smelters.

This technical report presents the findings of one of the
demonstration projects. It has been written primarily fcr the
secondary lead smelter operator. We hope it will provide the
basis for further exposure reductions in plants where the
technology can be adopted. ' :
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EXECUTIVE SUMMARY

This demonstration project presents an evaluation of
airshowers and automatic shoecleaners.as employee exposure
control options in secondary lead smelters. Radian performed the
study under the sponsorship of the National Institute for ‘
Occupational Safety and Health. : ,

Site visits were made to three smelter establishments to
observe application and use of airshower equipment. Some smelter
operators have installed airshowers and shoecleaners outside
lunchrooms specifically to comply with hygiene facilities and
practices requirements of the OSHA lead standard., Others use
alrshowers outside cleanroom facilities to keep the rcoms as
lead-free as possible and maximize their usefulness as exposure
control measures.

Tests of airshower effectivieness were conducted on-site and
in a laboratory simulation. The data show that airshowers are’
generally effective in lead dust removal, From 5-72% of lead
(in the form of lead oxide) applied to fabric patches worn in an
airshower field test was removed by use of the airshower., From
23 to 69% of lead oxide dust applied to fabric patches was.
removed during laboratory simulations of airshower operatlon
The amount of dust removal varied according to fabric weave and
weight, All fabrics tested showed some degree of dust
breakthrough during testing. The amount of breakthrough is
small, but may present a 51gn1flcant source. of skln
contamination, -

Employee use of automatic shoecleaners was observed during
site visits to six smelter establishments. Both vacuum/brush and
water/brush shoecleaners were observed., Both were effective in
removing dust and dirt accumulations from worker's shoes.
Employee diligence in u51ng the shoecleanlng equlpment varied
widely.

Dust containment practices, (use of smocks and shoecovers)
were observed at two smelter establishments. As a control for
dust contamination from protective clothing, dust containment
appears to be a reasonable alternative to dust removal.
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1.0 INTRODUCTION

Lunchrooms,:breakrooms,'and‘control rooms in‘secondary lead
smelters can become contaminated with lead dust that is carried
on employee workclothing and shoes. Contaminationjof a cleanroom
facility interferes with its usefulness in reducing employee
exposures and may, in fact, create an additional source of
exposure, For this reason, it is important that some means be
provided for employees to either remove or clean their proﬁective

clothing and gear before entering a cleanroom facility.

The OSHA standard for lead exposure (29 CFR 1910.1025)

specifies that:

"The employer shall assure that employees do.not enter
lunchroom facilities with protective workclothing or
equipment unless surface lead has been removed by
vacuuming, downdraft bodth, or other cleaning method."

Downdraft booths (or airshowers) are widely used in a number of
‘industries (e.a., electronics) to reﬁove surface lint and dust
from workclothing hefore empleyees enter cleanroom facilities. .
In this application airshowers are used primarily for

manufacturing process control rather than any type of exposure

control,

The use of airshowers for exposure'control in heavy
'industry, such as secondary lead smelters, has been limited.
This demonstration project presents an evaluation of airshowers
as employee exposure control options in secondary lead smelters.
In addition, the demonstraticen project'inciudes an evaluaticn of
shoecleaning equipment that may be used to remove surche lead

‘from shoes,



Site visits were made to two of General Battery
Corporation's plants in eastern Pehnsylvania énd'to Schuylkill
Metal's plant in Baton Rouge, Louisiana, to observe different
types and applications of airshower eguipment, Shoecleaners were
studied during site visits made to Schuylkill Metals (Baton
Rouge, LA), General Battery Corporation (Reading and Hamburg,
PA), East Penn Manﬁfacturing {Lyon Station, PA) and Teonolli North
America (Nesguehoning, PA). Other secondary smelters were
contacted by telephone, Manufacturers and suppliers of
airshowers and shoecleaning eguipment were contacted by telephone

and asked to supply‘information about their products.

This report presents the results of field and laboratory
evaluation and summarizes product information, The report is
intendea to provide useful technical, cost, and operational
information to secondary lead smelter operators to assist them in
determining appropriate applicaticons for airshowers and
shoecleaners and in developing specifications for their purchase,

installation, and use.



2.0 AIRSHOWER EQUIPMENT

A typical airshower (er‘downdraft booth) is an enclosure .
with supply air jets located on the sides and ceiling and a
return air plehum ldcated beneath a metal. grate which forms the
floor.u A high pressure, low velocity fan is uaed’to circulate.
"air through the airshewer.‘ In-line filters are used to clean the
airstream as it circulates. Figure 2-1 15 a draw1ng of a typlcal
booth-style installation.

To use the airshower, the employee enters-the euclosure,
'starts the blower (which may bedinterlockedlto start when the
door is opened),,and‘reﬁains in the enclosure to the end of. the
timing sequence (usually, about 20 seconds). In a booth-type
airshower, the employee is generally instructed to raise the arms
and slowly turn around while the airshower‘is‘in'opetation. In a
-tunnel-type airshower, the employee need only walk thrdugh the
length of the'tUnnel.f Respirators are always worn during use of
the airshower to protect eﬁployees from inhalinq'dust that is
stirred up by use of the alrshower Figure 2-2 shows employees
using booth type alrshowers One booth ‘uses slots for air
‘delivery:; the other booth uses nozzles. ‘

2.1 MANUFACTURERS OF AIRSHOWER EQUIPMENT

The following codmpanies have been identified as
manufacturers of alrshower equipment. Altheugh an attempt was
made to identify as many manufacturers as possible, some
companies may have been overlouked and.lr coneequently, are not

included in the list.
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v

Upper Left: Employee uses
booth-style airshower to
‘'remove surface dust before
"entering control room. Note
placement of supply air '

nozzles. )

Lower Right: .Worker uses
boocth-style airshower to
remove surface dust from
clothing. 'Note slot
delivery of supply air jets.

FIGURE 2-2. USE OF BOQTH-TYPE AIRSHOWERS
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e Advanced Purification Systems, Inc.
40-9 Oser Avenue ‘
Hauppage, NY 11787
(516} 273-2680

. ‘Amos-Tech Industries
204 PihebrooklRoad
Eatontown, NJ 07724
(201) 542-1200

e Clean Room Producté, Inc.
56 Pentaquit Avenue
Bay Shore, NY 11706
(516) 9€8-8282

@ Liberty Indus;ries, Inc.
133 Coﬁmerce'Street
East Berlin, CT 06023
(203) 828-6361 '

)  Moore and Hanks Co.'
9702 East Rush Street
El Monte, CA 91733
(213) 443-9337

All of these companies offer Off—the-shelf.equipment'ready for
assembly in the user's facility. Some companies offer custom
design and installation seérvices as well,

2.2. AIRSHOWER COSTS
'This section éOhtains cost information for airshower

eguipment (purchase, ihstallation,‘and maintenance) obtainred from

equipment manufacturers and users.



2.3.1 Cost of Equipment.

The cost of purchasing an airchower depends upon the size of
airshower needed, Most manufacﬁurers of airshowers offer a
variety of sizes from which to choose. For costing . purposes,

three categories of airshowers, based on size, are noted:

® Standard airshower booth (accommodates 1-3 employees).
e Expanded airshower booth (accommodates 3-4 emploYees).
e Airshower tunnel (accommodates 4 or more employees).

Table 2-1 presents dimensions for each type of airshower
along with cost estimates obtained from equipﬁent ﬁanufacturers.
These costs are for stock models that typically havevarstraight
path entry and exit. Custom built airshowers are available which
allow for right and left angles of egress or longer lengths of

airshower tunnels.
2.3.2 Cost of Installation o \

Installation costs for airshowers typically range from 10 to
25% of the purchase price, depending upon who performs the work.
The manufactﬁrer is usuélly willing to provide installation fo;la
fee, Coéts of manufacturer's installation vary from company to
company, and upon geogfaphic location of the customer. In most
- cases, the. installation can be performed at less cost by in-house
plant personnel, with or without the supervision of a ‘
manufacturer representatlve. AlrshoWer manufacturers estlmate
that in-house installation will take one to two days with the aid

of a forklift truck and three or four workers,
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2.3.3 Cost of Routine Maintenance

Routlne maintenance of airshowers consists mainly of fllter
~replacement. Air filtration systems typically use high
eff1c1ency partlculate air (HEPA) filters and replaceable
prefilters, ;
One manufacturer recommends that prefilters be changed every
thirty days of oftener if service is heavy. If prefilters aig
replaced regularly, the HEPA filter should last 2-3 years.  HEPA
filters cost from $100.00 to $250.00 each. Prefilters cost
approximately $40.00 for 12 filters. Prefilters may be used
individually or in pairs_for‘added protection of fhe HEPA filterﬁ

111«



3.0 AIRSHOWER EVALUATION

B

Airshowers are not used exténsively by secondary lead
smelter operators. Of twenty-four secondary lead smeiting
companies contacted by telephone, ohly five used airshowers in
one or more'of.ﬁheir planté; Management personnel at some of the
companies not using airshowers said that they were considering
using them in the fufure: others said that they did not plan to
use airshowers at all because they did not consider them
effective,

Site visits to test airshower effectiveness were made to two
of General Battery Corporation's plants'iﬁ Pennsylvania. One
plant uses a booth-style airshower purchased as a prefabricated
unit, This particular system uses nozzles for the supply air
jets. -The other General Battery plant uses a booth—style
airshower that was custom designed and built, using slots for
delivery of the supply air. Both airshowers are used to reduce
lead contamination in oxide mill control rooms.

Another airshower application was seen at Schuylkill Metal's
plant in Baton Rouge, Louisiana. This tunnel-style airshower is
used to reduce lead contamination in the lunchroom used by

smelter workers.

Additiocnal tests of airshower effectiveness were conducted

in the laboratory using a simulated airshower.
3,1 BOOTH-STYLE AIRSHOWERS

Booth-style airshowers are used to prevent contamination of
positive-pressure, supplied-air control rooms at two of General
Battery Corporation's plants. Operators use the airshower booths
to remove surface dust from their workc}othing prior to entering
the contfol rooms. The airshowers were installed during 1979-81

io
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(along with the supplied_air‘cdntrol rooms) as a lead exposure

reduction measure for operatore of the oxide mills.
' 3.1.1 Description

Flgure 3-1 shows the 1nter10r of the airshower booth at the
Readlng plant, The booth is a custom de31gn built exc1u51ve1y
for the Reading plant by Saxon Air Systems, Harrlsburg,
Pennsylvanla. Supply alr is delivered to the alrshower booth
through four horlzontal slots located on ‘each: 51de wall and two
lehgthw1se slots in the ceiling. Two return air registers (40" x
7") are located at floor level on each of the side walle. The
velocity of supply air at the slots was measured with an Alnor®
Series 6000P velometer. Air velocity’ranqed from 2700 to 5800
feet per minute and was greatest near the entry door for the wall
slots and near the exit_deor.for the cerlrné elots._ |

The airshower beglns operatlon when the entrance door'is
opened. The user remains 1n51de the booth through its cycle of
operation (approximately 20 seeonds) and then exits directly into
the oxide mill centrol room. It is possible for the user to exit
the shower before its cycle of operation5is complete because
~the exit door does not automatically lock Qhen the airshower
begine operation. Users are requlred to wear reSplrators durlnqA

alrshower operation.

All personnel are requlred to pass through the alrshower to
‘enter the. control room. The ex1t door from the control room
leads dlrectly to the oxide mill floor. ‘ '

Figure 3- 2'is a drawing showing the. location of the

airshower at the Readlng plant. Table 3-1 contains summary data

" for the alrshower.
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airshower at General
Battery Corporation's
Reading Plant. Photo
shows exit door which
leads to the oxide mill
control room.

Below: Entrance to
user to wear respirator

during airshower
operation.

)

UMD o

Upper Left: Booth-style

airshower. Sign cautions

FIGURE 3-1.

BDOTH—STYLEIAIRSHOWER AT GENERAL BATTERY
(READING, PA)

CORPORATION
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‘Table 3-1. . SUMMARY OF DATA FOR AIRSHOWER AT GENERAL BATTERY
CORPORATION, READING, PENNSYLVANIA

APPLICATION: Removal of surface dust from workclothing before
entry to oxide mill contrel room.

NUMBER OF PEOPLE SERVED: 1-2, per shift.
STYLE: Walk-through booth, 20 second cycle,’

AIR DELIVERY SYSTEM: 4 horizontal slots, each wall.
2 horizontal slots, ceiling,

ATR VELOCITY AT SUPPLY SLOT: 2700 - 5800 FPM,

AIR FILTRATION SYSTEM: HEPA filter.

SIZE (L x H x W): 7'5" x 6'11" x 3 |
MANUFACTURER: Saxon Air Systems, Inc., Hafrisburg, PA.

'COST: Not Available.
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Figure 3-3 shows the interior of the airshower booth used at
GBC's Hamburg plant, The booth is a prefabricated, off—the-shelf
model manufactured by Liberty Industrles, Inc., East Berlin, |
Connecticut. Supply air is delivered to the alrshower through
five nozzles located in each 51de wall and four nozzles located
in the ceiling. The average velocity of air dellvered to the
bocoth through the supply nozzles was measured by Alnor?® Series
6000P velometer at 5,500 feet per mlnutev(range:_ 4,400 to 6,800
feet per minute). The return air plenum is located below the
floor grating. | '

The airshower begins operation when the user pushes the
START button. A prominent sign inside the airshower instructs

the user to:

1. Enter and start unit.
Stand between air jets.

3. Raise arms shoulder high and slowly rotate one full
turn. ' o '

4. Exit when cycle has completed.

Users are reguired to wearvrespirators during airshower
operation. | '

The airshower is designed to permit one-way traffic only
(from the oxide mill plant area into the control room). The
airshower exit door is always_lockeﬁ and the entrance door is
unlocked. When the blower motor is activated, the entrance door
locks and‘the'exit‘door remains locked.; At the end of tne cycle,
‘the entrance door remains locked and the exit door unlocks. Once
the user leavee the airshower, the- exrt door locks and the
entrance door automatlcally unlocks Personnel may leave the
control room by a door which opens to the yard area or by a
second door whlch leads dlrectly to the oxrde m111 plant area.
Entrance to the control room is permltted only through the
airshower booth following the procedure described above.

15 | \
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Upper Left: Industrial
hygienist measures air
velocity from supply
nozzle. Airshower is
placed at entrance to
ball mill control room.

Below: Industrial
hygienist uses smoke

tube to observe air flow
patterns inside airshower
during operation.

FIGURE 3-3. BOOTH-STYLE AIRSHOWER AT GENERAL BATTERY
CCORPCRATION (HAMBURG, PA)
| 118«
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Circulating exhaust air is filtered'through.a'35% (ASHRAE
efficiency rating) prefilter and a HEPA filter (99.97% efficiency
in removing particles to 0.3 microns, DOP test method) before its

‘return to the airshower via supply nozzles.

A 3500 RPM, 5 HP blower circulates air through the system at
a design air flow volume of 2 200 CFM '

Figure 3-4 is a drawing of the airshower booth location at
the Hamburg plant. Table 3-2 contains summary data for the

airshower.
3.1.2 Employee Acceptahce'

Oxide mill operators who regﬁlarly use the airshowers at
GBC's Reading and‘Hamburg plants were asked for their opinioné
concerning,airehower usefulness and effectiveness. ‘Operators
reported that, since they had to go in and out of the control
room frequently, it was anhoying to have to'go'through the
alrshower each time. The one-way door lockihg feature of the
airshower at Hamburg was seen as especially annoying: the exit
lock has been forced open and broken repeatedly. One operator
reported that the air jets were uncomfortably chilling to him
during hot weather when he had been working hard and had
Eperspired heavrlyl_ Some operators said that the alrshower seemed
to blow dust through thelr workclothes and onto their skin,
There seemed to be a general feeling among operators. that the B
airshowers are not partlcularly effective clothing cleanlng _

'devlces and that they are somewhat of a nulsance

Management personnel are attemptlng to 1mprove employee
attltudes toward ‘airshower use through information and training
- programs which emphasize the benefit of the airshower and the

Supplied air control rocom in lead exposure reduction,

7o 449<
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Table 3-2. SUMMARY OF DATA FOR AIRSHOWER AT GENERAL BATTERY
‘ CORPORATION, HAMBURG, PENNSYLVANIA

APPLICATION: ' Removal of surface dust from workclothing before
entry to oxide mill control room. A

NUMBER OF PEOPLE SERVED: 1-2, per shift.
"STYLE: Walk—thrbugh booth, 20 second cycle."

AIR DELIVERY SYSTEM: 14 supply nozzles. |
: 1l high-pressure blower (2,200 CFM).

'AVERAGE AIR VELOCITY AT SUPPLY NOZZLE: 5,500 FPM.

AIR FILTRATION SYSTEM: 1 prefilter (35% ASHRAE).
‘ ‘ 1 REPA (99.97% at 0.3 microns}.

SIZE (L x H x W): 5'8" x 6'10" x 3,
MANUFACTURER: 'Liberty Industries, Inc.

coST: $11,700 (1981 $).
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3.1.3 Removal of Lead Dust from Workclothing

An evaluation procedure was established to tést'the
effectiveness of airshowers in removing sﬁrface lead dust from
workclothing. Tests were conducted at GBC/Reaaing and
GBC/Hémburgﬂ

Evaluation Procedure

Samples of two types of cloth,cbmmonly used for industrial
workclothing were obtained. One of the fabric samples was a
lightweight shirting material; the other fabric sample was a
heavier twill coverall material. Fabric samples were cut into

swatches measuring 2" x 3" for testing.

It was originally plarned that the fabric patches weould be
affixed to émployee workclothing and allowed to collect dust
through the normal work routiﬁe before airshower testing.
However, since employees were in and out of the control room so
often and since so few employees actually used the airshowers, it
was decided that lead dust should be loaded directly on the
patches. TFor this purpose, a known mass of lead oxide (50 mg)
was placed intc small, screw-cap vials and transported to the
smelter plants.

Fabric patches were loaded on-site by shaking the contents
of the sample vial onto the fabric and distributing the material
with the edge of a razor blade. All fabric patches were loaded
in the same way, using the same number of strokes to distribute
the lead dust. To check the consistency of lead loading, six
loaded patches were selected from the group and analyzed as
controls. The mean loading for these controls was 40 mg lead {(SD
= 0.75 ﬁg)., When computiné‘percént lead removals, 40 mg was used
as the standard lead loading for all fabric patches.

20 ‘ - reey
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| Fabric patches loaded with lead oxide and‘blank'fabric

patches were attached to the shoulders of the experimenter's
jacket with double-stick tape. The experimenter then walked into
the airshower and followed standard operating procedures for its
use. The patches were removed after the airshower cycle was

‘'completed and placed in small plastic sample envelopés.

Patches were analyzed for lead content by a modification of
NIQSH Method No, S5-341,

Results

The data for airshower field testing are shown in Table 3-3,

An analysis of these results shows:

) Airshowers are generally effective in removing surface
dust. Tests show that from 5 - 72% of the lead (in the
form of lgad oxide) applied to fabric patches was

removed during operation of the airshower.

) The nozzle-type airshower at GBC/Hamburg showed a higher
' -percentage lead removal (in most cases) than did the
slot-type airshower at GBC/Reading.

@ Lead contamination of clean clothing can occur from dust
stirred up during airshower operatidﬁ. Blank fabric
patches worn in either airshower picked up some lead
during normal operation of the airshower. ' The heavier
twill coverall fabric appeared to pick up and. hold more
lead than did the lighter weight shirting fabric.

During the airshower field tests, it was noted that some
~ lead oxide dust was blown through the lighter weight shirting
fabric. Also,.it appeared that more dust was removed from the

21
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shirting than the coverall fabric. A laboratory simulation test
was designed to study these observations in greater depth. The
results of this laboratory study are discussed in Section 3.3,

Laboratory Simulation.
3.1.4 Contamination of Control Room
Area monitoring was conducted in control rooms at both

airshower locations. Average lead-in-air concentrations in the

two rooms were measured:

Average Lead-in-Air

Location - Concentration tug/m3)
GBC/Hamburg
GEC/Reading | | 2.0

These data indicate that the control rooms do remain relatively
free of lead contamination, despite a fair amount of traffic in
and out. No visible contamination of the control room by
employee WOrkclothihg was observed. BA direct-reading respirable
dust monitor (Sibaté P5) was used to aetect changgs in contrel
room dust concentrations associated with traffic in and out. No

changes in concentration were detected,

Since control room lead-in-air concentrations were low and
no measureable change in control room dust concentrations were
apparent when employees entered the control rooms, it was
concluded that lead dust from workclothing was not a significént

scurce of contamination for GBC's supplied air control rooms,
3.2 TUNNEL-STYLE AIRSHOWER

A site visit was made to Schuylkill Metal's secondary lead

smelter in Baton Rouge, Louisiana, to observe its tunnel-style
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airshower, At the request of management, no airshower testing .
was conducted and no lead-in-air measurements were made.-

3.2.1 Airshower Description

Figure 3-5 shows the interior of thé tunnel-style airshower
installed in 1979 at Schuylkill Metal's Baton Rouge Plarnt. The
‘airshower leads from the smelter work area to the washroom “
located outside the smelter lunchroom. This washroom is also
pictured in Figure 3-5, The tunnel is made up of eight
pre-fabricated airshower modules manufactured by Liberty
Industries, Inc., East Berlin, Connecticut. o

Supply air is delivered to the airshower through a.total of
72 nozzles located in three rows along,eééh‘sidg wall and 32 .
ﬁozzles located in two row5ralong the ceiling. The tunnel is 32
feet long and about 10 seconds.aré reguired to walk through it,

The airshower begihs.opefation wHén the entranée'dOOI ié
opened, Each module begins operafion in a timed sequencé, “
Employees are reguired to wear their respiratOIS’whén/using the
airshower. After walking through the airshower, users remove
their respirators and store them in lockers‘lqéated_in the
washroom, Employees then‘ciean-up and enter ‘the lunchroom
through a swinging'dOOI. 211 employees are reguired to use‘the

airshower and wash before entering the lunchroom.

Fiéufe 31-6 is a draWinQ of the airshower; Téble 3-4 contains

summary data for the airshower,
3.2.2 Employee Acceptance

Management personnel at Schuylkill Metals repdrt that
‘ employee use of the ‘airshower is 100%. They attribute the
success of the airshower to its placement and ease of opération.
@
25
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Z

Ugger Left: Turnel-style
airshower used at
Schuylkill Metal's Baton
Rouge Plant. Tunnel is
constructed of eight
modular units in series.,
Photo shows entrance
door; airshower tunnel

.leads to washroom shown

below.

Below: Washroom leading
to smelter worker's
lunchroom. Washroom

is accessed through
airshower tunnel shown
above. :

FIGURE 3-5. TUNNEL—STYLE ATRSHOWER AT SCHUYLKILL METALS

(BATON ROUGE, LA)
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ess Panel for HEPA Filters
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Table 3-4. SUMMARY OF DATA FOR AIRSHOWER AT SCHUYLKILL METALS,
BATON ROUGE, LOUISIANA

APPLICATION: Removal of surface dust from wdrkclothing before
entry to smelter washroom and lunchroom.

NUMBER OF PEOPLE SERVED: Not available.
STYLE: Walk-through tunnel.

AIR DELIVERY SYSTEM: 176 supply nozzles.
: B high-pressure blowers (2200 CFM, each).

AVEﬁAGE AIR VELOCITY AT SUPPLY NOZZLE: Not available, .

AIR FILTRATION SYSTEM: 8 prefilters (35% ASHRAE). _
16 HEPA filters (9%.97% at 0.3 microns).

SIZE (L x H x W): 32' x 6'6" x 3' (inside dimentions).
MANUFACTURER: Liberty Industries, Inc.
COST: $36,000 (Airshower)
7,500 (Freight and miscellaneous parts)

3,300 (Labor and overhead costs to install)
$46,800 Total (December 1979 $'s)

28




The alrshoWer was located to take advantage of an established
traffic pattern from the smelter to the lunchréom. It requires
no special effort on the part of employee to use it and it does’
not interfere with progress,‘l ‘e., the employee ‘does. not have to
stand in one spot and wait for the airshower to complete its ~

cycle of operation,
3.3 LABORATORY SIMULATION

_ From observations made during the field test of the‘
"airshowers, it appeared that lead oxide dust could be blown
through the lighter weight shirt fabric and that the amount of
dust removed in the alrshower dlffered -‘between the two fabrlcs
_that were tested. To look more closely at the effect of fabric
type on‘dust breakthrough and overall dust remcval, a laboratory
airshower simulation was conducted Three different fabrlc types
were tested: a plaln weave shlrtlng fabric, a twill-weave

coverall fabric, and_a non-woven disposable fabric (Tyvek?®).

Evaluation Procedure

Nine .circular patches, each measuring 50-mm in diameter, .
were cut from samples of. each of the three fabrics tested. all
fabric patches were welghed to the nearest tenth milligram.
Every third patch was rewelghed to assure ‘the prec151on of the

- weighing procedure.

. Patches were loaded with lead oxrde dust A cotton swab was‘
used to distribute lead oxide dust on the surface of the fabric.
All patches were loaded using the same procedure although no

attempt was made to standardize loading weight.

After loadlng, the fabrlc patches. were reweighed to
determlne the net loadlng - As before, every ‘third patch was

weighed twice to assure precision of the weighing procedure.

29
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Fabric patches were then pinned on one of three boards, each
board holding three patches of cach fabric type. The center
patch in each row.covered a 47-mm, 0.45 micron pore-size filter
backing. This filter was later submitted>to an analytical

léboratory for determination of breakthrough lead content.

Airshower suppiy air jets were simulated using a glass-tube
nozzle connected by a rubber hose to a source of compressed
nitrogen gas. The airflow veloc1ty from this nozzle was ad]usted
to match that‘measured-durlng the field test at GBC/Hamburg
(5,500 FPM). - |

Fabric patches were dusted off usiﬁg‘a back—and—fo:th
movement of the nozzle repeated at distances from one to ten
inches from the fabric patch., Twenty seconds‘of simulated
airshower operation were used for each test board. One board was
held vertically, the other was placed horizontally. The third
board served as a control. Figure 3- 7 illustrates the airshower

simulation.:

After dusting, all fabric pétches were removed from the
boards and reweighed.. Fabric patches on board number three were
handled in'thé same manner as those on boards number one and two,
except that they were not dusted with the airspray. These
patches served as controls. Filter backings and a filter blank

were folded and placed in sample bottles for laboratoryfanalysis.
Results

Figufe 3-8 shows a before and after comparison of the fabric

patches.

.Table 3-5 shows net loading ;nd percent removal for fabric
patches used in the aifsﬁo@er simulation. Table 3-6 shows lead
breakthroughs (as measured on the back-up filter) for each of the
fabric tjpes. An analysis of the data shows the following:

" 3¢
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Industrial hygienist adjusts velocity of air jet
to approximate that measured in airshower field
testing.

Use of airijet to dust off fabric patches cn
vertical board.

FIGURE 3-7. LABORATORY SIMULATION OF AIRSHOWER
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Fabric patches loaded with lead oxide dust before
dusting with airjet. Board on right used as control.

Fabric patches after dusting in airshower (left and
center). Board on right used as control.

'FIGURE 3-8. BEFORE AND AFTER COMPARISON OF FABRIC PATCHES
USED IN AIRSHOWER SIMULATION' TESTING
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Table

3-5.

DUST REMOVAL - AIRSHOWER SIMULATION

Original Dust

' Percent

Fabric Type Fabric Handling ) Loading (mg) Removal
® Plain-weave e Dusted with airspray, 22.8 40
shirting. vertical board. ; - 12.5 51
18.9 52
e Dusted with airspray, 17.0 49
horizontal board. 22.5 52
] 26.5 43
e Control (not dusted 14;3 <1
with airspray). 17.5 <1
' 30.7 <1
e Non-woven, e Dusted with airspray, 27.0 71
vertical board. 38.5 74
‘ 25.6 55
e Dusted wtih airspray, 18.9 58
horizontal board. 20.8 72
35.0 83
® Control (not dusted 31.1 <1
with airspray).’ 45.3 <1
. ' 18.5 <1
‘@ Twill-weave e Dusted with airspray,  34.3 26
coverall vertical board. J 23.9 .18
fabric. 28.3 29
e Dusted with airspray, 31.7 15
horizontal board. 49,2 27
: 34.7 24
e Control (not dusted 48.7 <1
with airspray). 51.2 <1
130.6 <1
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Table 3-6. DUST BREAKTEROUGH - AIRSHOWER

SIMULATION
~ Cover Cover o Breakthrough
Fabric Type Fabric Handling (mg) {1l)
e Plain-weave o Dusted with airspray, 0.24
shirting. vertical board.
e Dusted with airspravy, 0.20
horizontal board.
e Control (nct dusted 0.003
with airspray).
e Non-woven - @ Dusted with airspray, 0.18
disposable. vertical board.
® Dusted with airspray, 0.048
horizontal board. .
e Control (not dusted 0.C04
with airspray).
® Twill-weave e Dusted ' with airspray, 0.069
coverall fabric. vertical bocard.
e Dusted with airspray, 0.058
horizontal board.
e Control (not dusted <0.002

()pimit of detection
{Blank determination = <0.002 mqg)

with airsprayl.

= 0.002 mg

34
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Different fapfigs have different "holding" properties‘
for dust and affect the amount of dust that can be
" removed by dusting with an airspray. Thé average

percént,dhst‘removalé for the three fabric types tested =

were:
Fabric. - : ' Average Dust
Type . : Removal
Non-woven disposable ' 69%
Plain-weave shirting ' . 48%
‘Twill-weave coverall fabric - 23%

Different types of fabric are more or less succeptable
“to having dust blown through them, 'All fabrics tested
showed some degree of bréakthrough. It appeafs that the
amount of bfeak;hropgh, although small} may present a

significant source of skin contamination,
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4.0 SHOECLEANING EQUIPMENT

Most commércially available shoecleaners use power brushes
and a vaduum.exhaust for cleaning. The madiority of these
vacuum/brush shoééleaners are designéd‘to cleah“ohe Shoe'at a
time. The user steps up to the shoecleaner, holds onto a handle
for balance, starts the shoecleaner, and inserts one shce at a
time for cleaning. Rotéting brushes inside the machine loosen
dust and dirt on the user's shoes and this dust is collected and
removed via the wvacuum exhaust. Variations on this basic
shoecleaner machine design include machines that clean both shoes
-at once and machines that ﬁse power brushes and water to scrub
the shoes. Figure 4-1 is a photograph of a typical shoecleaning

machine.
4.1 MANU‘FACTUR’ERS OF SHOECLEANING EQUIPMENT

The following companies have been identified as
manufacturers of shoecleaning.eQuipmenﬁ; ‘Although an attempt was
made to identify as many manufacturers as possible, some may have
been overlooked and, consequently, are not included in this list.

® Advanced Purification Systems, Inc.
‘40-9 Oser Avenue
Héuppauge, NY 11787
(516) 273-2680

¢ Bio-logical Controls
375 South Street
Eatonton, NJ 07724
(201) 544-0505

36
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,.} - S
" OPERATING INSTRUETIUNSF
L'\ 'stanp as cLose 1o 4
- | MACHINE.AS POSSIBLE.
.. 2.HOLD HANDLE, PRESS
|- SWITCH AND HOLD.
.. 3.INSERT SHOE AS FAR AS
. POSSIBLE, WITHDRAW AND
- || REPEAT 2 DR'3 TIMES. .
i 4AFTER COMPLETING 2% |-
- 17 SHOE. RELEASE.SWITCH/ (|

PPty

FIGURE 4-1. TYPICAL SHOECLEANING MACHINE
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™ Libérty Industries, Inc.
133_Commérce Street
East Berlin, CT 06023
(203) 828-8361

® Space Walker Inc.
Box 1116 Route 2
Bonne Terre, MO 63628
(314) 358-3872

All of the companies listed above'manufacﬁure vacuum/brush-type
shoecleaners. One of the shoecleaning machines studied in this
demonstration project uses a water/brush cleaning method. The
firm manufacturing this line of equipﬁent is no longer in
business. Other manufacturers prbducing a similar product were
not identified. However, a representative of Liberty Industries
stated that Liberfy is designing a wet shoecleaner and may market

it 1in the neér future.

4.2 COSTS QF SHOECLEANING. EQUIPMENT .

A vacuum/brush shoecleaning machine can cost from $950 to
$3000 depending upon its ruggedness and intended service. At the
lower -end of the cost scale are shoecleaners designed.primarily
for cleanroom use in light industry. At the higher end of the
- cost scale are shoecleaners especially designed for use in heavy
industry. Most shoecleaner applications for secondary lead
smelters would typicaliy require a heavy duty model. Shoecleaners
may feature an internal vacuum producer} an external vacuum
. producer, or a solenoid valve for connection into an existing

. central vacuum system.

Routine maintenance for shoecleaning machines consists

primarily of cleaning, filter revlacement, and brush replacement.

38
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Annual maintenance costs, as estimated by equipment

manufacturers, typically range from-$150 - §300.
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5.0 SHOECLEANER EVALUATION -

Shoecleaning equipment was observed during site visits made
to East Penn Manufacturing, Lyon 'Station, Pennsylvania; General
Battery Corporation, Reading, Pennsylvania; Tonnoli Corporation,
Nesguehoning, Pennsylvania; and Schuylkiil Metals, Baton Rouge,

Louisiana,
5.1 SHOECLEANERS AT EAST PENN MANUFACTURING

. Two water/brush shoecleaners were installed in 1982 outside
the locker room used by smelter employees at East Penn
Manufacturing Co. The shcecleaners were manufactured by Duin
Enterprises, Calgary, Canada, a firm which has since gone out of

business.

' The shoecleaner uses water and power brushes to do the
cleaning. The user steps up to the machine and places one shoe
at a time in it. Pressure on the footplate activates an electric
moter which causes the cleaning brish to rotate through a water
reservoir while brushing the sides and sole of the shoe at the
same time. Figure 5-1 shows an employee using the shoecleaner.

Employee use of the shoecleaners was observed as workers
entered the locker room/washroom on their way to lunch, Most
employees used the machines. Since employees arrived at the boot
cleaning station individualiy or 'in groups of two or three, there
was no line-up or waiting to use it., Shoes that had been cleaned
in tﬁe shoecleaner were wet (but not soaked) 'and accumulations of
mud. and dirt were removed frbm'the soles. Overall, the

shoecleaners appeared effective and easy to use.

40 LR ALY



Worker. uses vacuum/brush
shoecleaner to clean work
boots before entering
breakroom at General Battery s
Readlng plant.

Worker uses bootwasher to
clean workboots before
entering locker room at East
Penn Manufacturing Co.

FIGURE 5-1. USE OF VACUUM/BRUSH AND WASH/BRUSH SHOECLEANERS.
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5.2 SHOECLEANERS AT GENERAL BAITERY CORPORATION

Two tfpes‘of shoécleanérs are uéed at General Battery ,
Corporatioh in Reading, Pennsylvania. A water/brush shoecleaner
(same type as those used at East Penn Manufacturing) is located »
at the entrance to the smelter lunchroom. A wet-type shoecleaher.:
was selected because smelter wo:kerS‘are‘likély‘td walk through
muddy areas and track mud into the lunchroom. A vacuum/brush

shoecleaner is not well suited for mud removal.

Employee use of the shoecleaner was observed before lunch
break. The shoecleaner was used by only 3 of the 24 workers who

passed by the shoecleaning station on their way to the lunchroom.

A vacuum/brush shoecleaner manufactured by Liberty
Industries, Berlin, Connecticut, is located at the entrance to
‘the chéngeroém and lunchroom at GBC/Reaaingfindustrial battery
" plant. The unit is connected to the plant's cént;al vacuum

system,

To use the vacuum/brush shoecleaner, the user sﬁebs'up to
the unit and presses a button loéated on ‘the tdp handle and-
starts the machine. The user then inserts one shoe at a time
into the machine for cleaning. Rotating bfushes are located
inside the machine and remove dust from the sdle,,sides, and top
of the shoe. The dust that is brushed loose is picked .up by the
vacuum portion of the cleaner. A sign located on the shoecleaner
instructs the user to repeat shoecleaning two or three‘times,for
each shoe and then-release the start switch, Figure 5-1 shows an

,empioyee using the va;uUm/brush cleaner at GBC/Reading.

Employee use of the vacuum/brush shoecleaner was observed
before a break period and again before lunch. 'All but two of the
twenty-one workers who used the lunchroom used the shoecleaner.
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Since many of the workers left for break or lunch at about the

same time, a line formed at the shoecleaner.

The shoeeleaher appeared to do a‘'good job ‘of removihg
surface dust aceumdlatione. Figure 5-2 shows a comparison of
shoes before and after cleaning. Many of the worker5~WOre shoes
w1th metatarsal quards Lead oxlde dust aécdmulated'around and
under the guard and could not be removed by the shoecleaner. The
vacuum exhaust on the shoecleaner worked well. Flgure 5-2 shows
use of ‘a smoke tube to check the draft The shoecleaner
demonstrated excellent capture. Use of a direet—readihg
resplrable“dust monltor showed no -increase in respirable dust
‘concentrations in the area surrodhding‘the Shoecleaner‘when it

was in use.
5.3 SHOECLEANER AT TONOLLI CQRPORATION

A vacuum/brueh‘shoecleaner is_currently used at Tonnoli
Corporation (Nesquehoning, Pennsylvania) to clean employees'
shoes-before they enter the‘washroom and the smelter 1ﬁnchroomf
The shoecieener is attached to'e portable vacuum exhaust system.
This particular installation does not provide sufficient draft
for adeguate control of dust emissions from the shoecleaher, as
evidenced by visible dust emissidne during shoecleaner operation.
Management perscnnel at Tonn011 are not totally satlsfled with
the shoecleaner and are looklng for a wet-type shoecleaner to

supplement its operation.
5.4 SHOECLEANER AT SCHUYLKILL METALS

A vacuum/brush shoecleaner is installed just inside the
entrance to the airshower at Schuylkill Metal's plant in Baton
. Rouge, Louisiana.‘ ‘The shoecleaner is used to remove heavy dust
accumulations before employees use the airshower and then- enter

the washroom and lunchroom. The shoecleaner vacuum exhaust lS
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Industrial hygienist uses smoke tubé to illustrate
d:aft of vacuum/brush shoecleaner.

Left shoe has been cieaned with shoecleaner.
Note contrast with dusty right shoe.

FIGURE 5-2. USE OF VACUUM/BRUSH SHOECLEANER
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integrated with the airshower to control dust emissions from the
shoecleaner. Management personnel report that they are less
satisfied with the shoecleaner than the airshower, primarily

because the shoecleaner reguires a great deal of maintenance.
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6.0 RECOMMENDATIONS

Airshowers and shoecleaning machinés'can prov;de convenient
means of removing surface dust acCumulgtions from protective
workclothing. A number of secondary lead smelters are currently
using airshowers and shoecleaners and report varying degrees of
. success and satisfaction with the eguipment they have purchased.
This section contains a number of reccmmendations presented as
points to consider when considering purchase and installation of
airshowers and shoecleaners, These recommendations are taken
from literature and comments supplied by equipment
manufacturers, from experience reported by smelter operators and
equipment users, and from field observation of the eguipment in

use,
6.1 AIRSHOWERS

Airshowers for use in secondary lead smelters should be
selected to‘meet heavy duty service reguirements. Since most
commercially available airshowers were 6riginally deéigned for
use in light indusfry, their suitability for heavy industrial use
needs to be determined. For example, the return air exhaust for
many commercial airshdwers connects to a plenum underneath the
floor grating. 1In airshowers subject to heavy traffic, dirt and
dust is likely to accumulate rapidly in the plenum beneath the
floor grating as it falls off worker's shces and boots. This
extra duét load can plug airfilters rapidly and restrict airflow
if it builds up sufficiently. An airshower with the return air
exhaust at floor level, but in the wall is a better choice for a

heavy traffic application.

The airshower should be selected according to its expected
use. If many workers will be exXpected to use the airshower
before entering a lunchroom or breakroom and it is likely that

most will arrive at about the same time, a booth-style airshower
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is likely to create a bottleneck. A tunnel-style airshower is an
‘advantage in this situation sincé it allows many people to pass
"through at the same time.

The placement of the airshower should be considered
carefullyl In light industrial manufacturing operations where a
cleanroom is used for process control, an alrshower is often
located at the entrance to keep dust and dirt out of the
cleanroom., Traffic in and out of the cleanroom is minimal
because manufacturing processes and most job tasks are
necessarily restricted to its interior. In contrast however,
cleanrooms'uséd‘in secondary lead smelters function as employee
- exposure controls, Consequently, manufacturlng processes and
‘many job tasks take place outside the cleanroom. This can
result in heavy trafflc in and out of the cleanroom and many
‘trlps through the airshower, if one is located there, In this
application, the airshower can become -a burden'to the‘emploYees
and interfere with their work routines, especially if it is a.
booth style with automatic locking doors and timed operatlng
cycle. It may be more efféctiﬁe; in this situation, to locate
'the airshower centrally at the entrance to the lunchroom or
breakroom and ‘to. wash the cleanroom several tlmes each shift to

contreol dust that may be carrled 1nto it.

Rirshower use should be considered when selecting protective
clothing. Both the field and laboratory tests conducted”for this
Demonstratlon Project have shown that: dlfferent fabr1c5 exhibit
| dlfferent holdlng and breakthrough properties. & tlghter weave
will permit less dust breakthrough, a smoother, slicker surfacef

‘will facilitate dust removal.
6.2 SHOECLEANERS

Shoecleaners should be selected for durability,and the type

of cleaning service that will be reguired. For example,
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vacuum/brush shoecleaners should not be used where shoes and
boots are likely to be wet and muddy.

Shoecleaner placement should encourage use., Shoecleaners
should be placed near traffic paths so that they are obvious and
readily accessible but so that employees do not obstruct the flow
of traffic by using them. An adeguate number of shoecleaners
should be available so that employees need not line up and wait
to use them. ' o

In addition to shoecleaner machineé, mété and carpets should
be used to éontain residual dust froﬁ shoes and keeprit from
being tracked into lunchrooms and cleanrooms. Figﬁre 6~1 shows
thé effectiveness oflmats and carpets in containing dust. Floor

mats and carpets should be cleaned and chdnged fregquently.

. Vacuum/brush shoecleaners should be'selected and installed
.sb‘that there is adequate draft for dust control and so that dust
from the vacuum exhaust is not discharged into the workplace.

. Otherwise the shoecleaner may become an exposure source. The
shoecleaner exhaust may be conhected vié solenoid valve to a
plant's central vacuum éystém, if one is availablé, or it may be
connected to a portable vacuum producer equipped with high
efficiency filters. ’ | |

6.3 EMPLOYEE EDUCATION

Employee information and training programs are important in
promoting diligent use of available airshower apd shoecléaning
equipment. The contribution of dust from shoes and workclothing
to the employee's lead exposure should be pointed out and the
role of shoecleaners and airshowers in controlling this sdurce of

exposuré.should be emphasized. S
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Dust containment by slétted rubber mat. Note dust
accumulation on floor. Dust falls through slots in:
mat as workers walk across it...

R A E . LN PR

Dust containment by carpet mat;ﬂ'Note dust tracks
where emplovees have walked across the mat.

FIGURE 6-1. USE OF FLOOR MATS TO COLLECT DUST
" FRCM WORK SHOES

49 15i<-




7.0 ALTERNATIVES

Some smelter operators have selected alternative methods of
controlling lead contamination from protective clothing. One
approach, which was observed at Tonnoli Corporation and at
General Battery‘Corporation,iinvolves containment rather £han
removal of surface lead dust. A description of this approach is

given in thHe paragraphs that follow.
7.1 CONTAINMENT OF SURFACE DUST

To prevent dust from their workclothes from contaminating
the lunchroom, employees at Tonnoli Corporation in Nesguehoning,
Pennsylvania wear white lab coats over their regular workclothes

while eating lunch. The procedure is:

(1) Employees enter the'washroom directly ffom smelter work
areas. (A hand-held vacuum attachment and mechénical
shoecleaner are'available-butside the washroom for
employees to use if their protective clothing is

“heavily contaminated.),

(2) Employées tﬁen remove the jacket portiod-of their
two-piece coverall ensemble and hang it on wall-mounted

hangefs;.

(3) Employees wash at sinks to remove dust and dirt from

hands, arms, and face.

(4) Employees put on cleén, white lab coats over their

regular workclothes.

(5) Employees then enter the lunchroom wearing the lab

coats.

Fth
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(6) After eating lunch, employees remove the lab coats ;nd

place them in a central collection bin for cléaning.

(7) Employees put on the jéckét portion of their coveralls
.ahd,return to their work stations."

Figures -7-1 and 7-2 are photographs taken at Tonnoli Corporation
to illustrate dust containment'practices used thére.' The‘
procedure is simple and appears to work well. No obvious.
contamination of lunch tabletops or lab coats.(outside sleeves,

elbows, and fronts) was observed.

A similar procedure is used at some lunchrooms at Genera1 
Battery Corporation in Reading, Pennsylvania. 1In addition to
smocks and lab coats, disposable shoce covers are used in some

plant areas to contain dust contamination from shoes.
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Smelter worker first removes top part of
protective clothing work suit.

i

Employee then washes thoroughly before entering
lunch room. ‘

‘FIGURE 7-1. SURFACE DUST CONTAINMENT PRACTICES AT TONOLLI
NORTH AMERICA'S NESQUEHONING, PENNSYLVANIA PLANT.

52 R ,
1 l}“l S



Iy

After washing, smelter
workers don clean white
lab coats to cover their
workclothes. '

Labcoats are removed after
lunch and placed in central
collection bin for cleaning.

FIGURE 7-2. SURFACE DUST CONTAINMENT PRACTICES AT TONOLLI ‘
NORTH AMERICA'S NESQUEHONING, PENNSYLVANIA PLANT.
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FOREWORD

The National Institute for Occupatlonal Safety and Health (NIOSH)
is responsible for helping ensure that every person in the U.S.
has safe and healthful working conditions. To accomplish this
end, the Institute engages in research on occupational. safety and
health problems 1nc1ud1na evaluatlon of hazards and thelr
control. ’

Onie of the hazards considered for evaluation and control is lead
exposure in the secondary lead smelting industry. NIOSH
therefore funded a study to demonstrate em1551on and exposure
controls at . secondary lead smelters.

This technlcal‘report presents the tindings of one of the:
demonstration projects. It has been written primarily for the
secondary lead smelter operator. We hope it will provide the
basis for further exposure reductions in plants where the
technology can be adopted

1ii o —
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EXECUTIVE. SUMMARY

Use of supplied air control rooms or stand-by pulpits has been
'suggested as an effective means of lowering employee lead
exXxposure in the secondary lead industry. To evaluate and
document such enclosures' effectiveness, Radian Corporation, Salt
Lake City, Utah, performed a field evaluation program for the
National Institute for Occupational Safety and Health. On-site
evaluations were made at General Battery Corporation's (GBC)
plants in Reading and Hamburg, Pennsylvania, and Tonolli North
America's plant at Nesguehoning, Pennsylvania,

Control rooms at both GBC plants are concrete and glass
enclosures built to GBC specifications in 1981, Toneolli
purchased stand-by pulpits from Lintern Corporation in 1981 and
installed them in three Nesquehoning plant locations. Both GBEC
control rooms and one Tonolli pulpit contain process eguipment
controls which enable operators to perform most of thelr duties
from Wlthln the control room. :

Personal and area sampllng were conducted to measure airborne
lead concentrations inside and outside each enclosure and to
determine time weighted average lead exposures for employees
accessing the enclosures., A strategy was developed for personal
sampling which allowed estimation of the enclosures’
contributions to overall exposure reduction. Additionally, the
ventilation system in each enclosure was thoroughly
characterlzed

From the results of this demonstration study, we have concluded
that supplied air control rooms and stand-by pulpits can be
effective control devices in reducing exposure to airborne lead.
Exposure reductions ranged from 23 to 77 percent. The degree of
effectiveness will vary with control room design, maintenance,
extent of employee use, and employee work practices. The results
of this study support control room or pulpit use as a major
.contributor to a comprehensive exposure control program.

Capital costs for enclosures vary with size and design. Costs
ranged from $20,000 - $120,000. Maintenance costs are reportedly
minimal at GBC, while Tonolli carries a maintenance agreement
with the Lintern Corporation at a cost of $800 per month.
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1.0 INTRODUCTION

This report describes the results of a study to evaluate the
effectiveness of supplied air control rooms and stand-by pulpits
as‘employeé exposure controls for airborne lead. Control rooms
are supélied air-enclosures>which house process equipment
controls and monitors. PulpitS'afe insulated supplied‘air
encldsuies in which employees may stand or sit when no "hands-on"
tasks must be pérformed in theAWOrkplace. Pulpits may or may not

contain process control equipment,

The purpose of this project was to collect data documenting '
control effectiveness and present‘them, along'with useful desfgn,
cost and operating information, in a way usefui to secondary lead
processors and others interested in installing control rooms or
pulpits. |

To evaluate control room‘effectiveness, Radian made site visits
to General Bdttery Cgrporation'é lead oxide plants in Reading and
Hamburg, Pennsylvania, and Tonolli North America's secondary
metals procéssing plant in Nesquehoning, Pennsylvania.

Additional technical and cost data were supplied by General

' Battery and Tonolli, and by. equipment manufacturers and

I
suppliers.

Radian performed this study for the Division of Physiéal Sciences
and Ehgineering, National Inétifute for Occupational Safety and
Health. We hope.that use of information cqntained in this report
will result in reduced airborne lead exposure to secondary lead
industry employees, and more cost—effective'impleméntation of

occupational exposure controls.



2.0 DISCUSSION AND CONCLUSIONS

The effectiveness of supplied air control rooms and pulpits as
controls to reduce employee exposure to airbornéjlead depends on
several factors. Three that most influence the degree to which
supplied air control rooms reduce employee exbosure are .

(1) control room ambient lead concentration; (2) employee time

spent in control room; and (3) employee work practices.

Ideally, control room lead levels should remain constant near

0 ug/m3. To achieve and maintain this low concéntration, the
control room must be kept clean and must be equipped with a
ventilatioﬁ syétem that filters out even the smallest particulate
matter and is capable of maintaining the room under slight
‘positive pressure,

One should not attemﬁt to directly compare the supplied are
control rooms at General Battery to the stand-by pulpits at
Tonolli. The enclosures used by the two companies are very
different in design and construction; Additionally, they service
highlyldissimilar process areas with varying lead'exposure
potential: The Géneral Battery control rooms are located in lead
-oxide plants, while the Tonolii pulpitslére located in the
Nesquehoning plant's smelter,‘refinery; and battery crushing and
separation area. The lead oxide manufacturing'process lends
itself to automation more than smelting or refining process.

The cbntrol‘rooms at General Battery‘s_Reading‘and Hamburg oxide
plants'are excellent examples oflproperly.cleaned and maintained
facilities, Radian measured lead levels inside each at less than
5 ug/m3, the limit of detection of the instrument used to analyze
the samples. A stringent housekeeping program at both GBC plants



ensures that control room surfaces are both vacuumed and scrubbed
with soap and water once per shift to remove any tracked-in lead
dust. | | |

We found ventilation systems in'GBC'control-rooms in good working
order. Both rooms were under positive pressure. Clean, filtered
air entered the room above the breathing zone and was exhausted
at floor level. Minimal turbulence was observed. |

Because the Tonolli smelter and refinery pulpits are identical in
dééign and operating mode, only the smelter pﬁlpit {(which
~receives more continuocus use) and the crusher pulpit (which is
designed and operated somewhat differently) were characterized.
‘Lead concentrations in ﬁhe Tonolli pulpits, although orders of
magnitude less than workblace ambient levels, wereimeasured by
Radian to be somewhat higher than those recorded in the GBC
contfql rooms. This can be attfibuted partially.to design
differences iﬁ'control rooms and pulpits. However, the
housekeeping program at'Tonolli is not as stringent as that at
GBC. The Tonolli smelter pulpit is vacuumed once per day and is
not wet-scrubbed. The crusher pulpit is washed once daily.

The ventilation system in the Tépolli shelter pulbit was out of
adjustment on the day of ﬁadian's field survéy, sb that the
pulpit was under slight negative rather thaﬁ,positive pressure,
The problem was remedied-by adjusting the syétem's ﬁakeup air
flow and positioning the vanes on inlet and exhaust air difoSers
to minimize turbulence and cross currents. The ventilatien

. system in the crusher pulpit was functioning adequétely‘gnd no

adjustments were required.
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Equally as important as low control rcom lead concentration is
the amount of time employees spend in the contrcl room's clean
environment. Control effectiveness increases as employee time. in

the workplace decreases and control room time is maximized.

Eécause they are built around process equipment contréls, the
control rooms at GBC and the crusher pulpit at Tonoclli are
designéd so that operators may.Spénd a maximum amount of their
shifts in a clean environment. All three enclosures allow
operators to perform most of their job respohsibilities under
normal plant operatihg conditions from within the control room.
Operators must enter the workplace for'extepded time periods only
if a process ubsét or mechanical problem occurs,

The Tonolli smelter pulpit is designed simply as a filteréd air
enclosure and contains no process equipmeht contrels, - Although
embloyees cannot perform the majority of their duties from within
the pulbit, they are encouraged by Tonplli‘mahagement to spend as
much time there as possible. Employees may remove their

respirators while accessing all of the Tonolli pulpits.

The employee activity summaries discussed in Section 5 illustrate
the variability of émployee time spent in the GBC and Tonolli
control rocms and pulpits. Two employees (the GBC/Reading
operator and the Tonolli érusher operator) spent close to 50
percent of their shifts in the control room. The GBC/Hamburg
‘operator and the Tonolli smelter furnaceman, however, spent less
than 10 and 5 percent respectively, of their shifts in the
control room or pulpit. As one would expect, the greatest
exposure reductions were observed for empldyees spending the most

time in a control room.



A third factor influencing’control room effectiveness is not
‘relafed‘directly'to the‘design, maintenance, or employee use of -
supplied air control foéms. Good Qork practices, because they’
can potentially impact employees' overall time weighted average
exposures, are extremely important. An employee with poor work
habits may. increase his actual lead exposure thfough sloppy or
cafeless work habits or inadequate personal hygiene. The |
effectiveness of a supplied air control room or pﬁlpit may
increase in these situations, because tﬁe time spent in a cleap
environment can somewhat offset periods of high short-term

exposure. ’

.The GBC/Reading operator.probably increased his overall lead
expoSufe‘th:ough his habitual hammering of the plant‘s screw
conveyor cyc;ones., Had the operator demonstrated better work
habits, his time weighﬁed avérage exposure may have decreased to
near that of his counterpart at Hamburg. The Hamburg operator |
exhibitéd very good work habits, and his time-weighted average
exposure was close to thé OSHA Permissible Exposure Lével (PEL)
of 50 ug/m3, '

From the results of this demonstraﬁion project, we have concluded
that supplied air control rooms and stand-by pulpits can be
effective:control'devicesrin reducing exposure to airborne lead.
The degree of effectiveness will vary with contrcl room design,
maintenance, extent of empléyee use, and employee work pracfices.
In areas where workplace lead concentrations are relatively low,
and where itkié possible for employees to‘spend most of their .
time in a clean control room, use of supplied air control rooms

alone may reduce employee time weighted average exposures to 50
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ug/m3 or less. 1In high .concentration areas, or in situations
where employees must spend extended periods outside the control
room, use of control rooms must be combined with other engineered
‘or administrative controls toc meet the PEL mandated by the OSHA
lead standard (29 CFR 1910.1025).



3.0 SUPPLIED AIR CONTROL ROOMS AT GENERAL BATTERY CORPORATION

General Battery Corporation (GBC) has installedlsupplied air
control rooms in its lead oxide plants at Reading and Hamburg,
Pennsylvania. These enclosures, completed in 1980-1981, were
designed to enable oxide plant operators to monitor oxide
production equipment in a clean environment and thus minimize
time spent in the oxide plant. Design specifications for control
rooms in both locations are similar, as described in3the . 7

following paragraphs.
3.1 DESIGN PARAMETERS 
3.1.1 Structural besign

Schematic/drawings of control rooms at'GEC's Reading and Hamburg
oxide plants are shown in Figures 3-1 and 3-2. The Reading |
control room (including its air shower, laboratory and hallway)
occupies an area of approximately 13 feet by 22 feet by 10 feet
high. The Hamburg control room is slightly larger, measuring 16
feet by 20 feet by 9 feet high. 'The'brimérf construction
material is concrete block. At least one wall of each control
room is glass, enabling operators inside the room to see
‘activities occurring on the oxide plant floor (Figqfe 3-3).

-Thé control board inside each GBC enclosure allowé-operators to
monitor and adjust process pafameters such as ball mill ‘
temperature or steam pressure. Video monitors installed above
the mill feed chutes provide a view of leéd ingot ("pig") loading
to the oxide mills, as shown in Figure 3-~4. In'the‘Hamburg"
control room, an illuminated prOcéss schematic board indicafes
the operating status of the plant's oxide mills and auxilliary

equipment.



N DUST COLLECTORS
N\

h
4
il
P o ‘
T , . OUTSIDE
< - ——
E _ x—HAMMERM]LL
% CONTROL GLASS
2 PANEL
ASSEMBLY |5 WALL
DEPT. 3 BALL PIG
e MILLS CONVEYORS
SUPPLIED AIR ‘ _
CONTROL ROOM
/ _ r—me -4
S N ——> OUTSIDE
/ . AIR e
\ SHOWER ONE-WAY DOOR

NOT TO SCALE

FIGURE 3-1. SCHEMATIC OF OXIDE PLANT AND
CONTROL ROOM AT GBC/READING

A

WY



ONE WAY DOOR
CUTSIDE

GLASS .
WALL - PIG SIHEAFI

CONTROL PANEL
SanlBlma

SUPPLIED-AIR
CONTROL ROOM

oy

— N1 |
LAB\I T;H

BALL

MI‘V

L o ;
: |]\ Il ——— TO OUTSIDE

«—=ONE-WAY DOOR  CONVEYORS T

| [«— HAMMERMILL

AlR
OWERN

NOT TO SCALE

FIGURE 3-2.

bust BALL M[ﬁ

COLLECTORS

SCHEMATIC OF OXIDE PLANT AND

'CONTROL ROOM AT GBC/HAMBURG



'FIGURE 3-4. VIDEO MONITORS INSIDE READING
CONTROL ROCM

b
« 1
w1
A

10



Each control room houses a small, separate laboretory (shown in
| Figure 3-5) equipped with a laboratory bench, sihk, and exhaust
‘hood. Operétors use the ‘laboratory to perform quality control
analyses on lead oxide samples collected periodically during each
'shift, ' |

GBC control rooms may be entered only through a door preceded by
an air shower, as shown in Flgures 3-6 and 3-7. The air shower
at Reading was .designed by GBC and bullt to GBC. 5pec1f1catlons by
Saxon Air Systems. Hamburq s air shower was purchased dlrectly

from leerty Industrles, Inc.’

The control. rooms are exited throuqh a 'one-way door leading to
the oxide plant floor. The control room at Hamburg has a second

one-way door to the out51de.
3.1.2 vVentilation System Design

Each GBC control room’ lS contlnuously supplied with flltered,.
tempered air. The HVAC uanit in each is de51gned teo maintain a
positive pressure of 1/8 lnch w.g. in the room.‘ Air enters the
control room through a single circular diffuser located in the
ceiling, and is exhausted throﬁgh multiple;rébtahgular vents at

floor level.

-The filter train rnstalled in the HVAC unit consists of three
filters: a prefilter, an intermediate filter, and a HEPA filter.
'The unit is designed to remove 99.97 perceht of lead dust greater
‘than 0.3_micron‘in diemeter from air'enterihg the control room,
Approximately 95 percent,of-particles greater than 0.1 micron in

diameter are removed.

Remote readout gauges to indicate air flow restriction across
each filter are provided in the Hamburg control room. A flashing
alarm light on the control panel indicates a 50 percent

LG =
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FIGURE 3-5. GBC CONTROL ROOM LABORATORY
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restriction in air flow; a warning buzzer sounds when a 75

percent restriction has been reached.

3.2 CONTROL FACILITY COSTS
The GBC control rooms were built‘tofGBC specificationé using
off-the-shelf components where possible. Costs for~éon§tructing
rand‘equipping'similar-control rooms‘will’depeﬁd on. such factors
as process configuration, availability of space, and degree of
instrumental sophisticétién'reqhired. 'GBC has pfovided‘ﬁhé cost
data in Table 3-1 as a guide to estimating the cost of

.constructing and equipping a control room similar to GBC‘s.

1

3.3 'EﬂPLOYEE USE OF CONTROL ROOMS

The number of opérathS‘assigned to GBC control rooms varies with
each plant and with each shift. At the time of the Radian field
survey, Reading and Hamburg lead oxide plants were operating 24
‘hours per day, 7 days per week. Work is conducted on three
eight-hour shifts (7:00 AM - '3:00 PM, 3:00 - 11:00 PM, and 11:00
PM - 7:00 AM). | I '

Each control room has a.drinking fdﬁptain‘and eink. No eating,
-smoking, or drinking (other than from the fountain) is allowed in

the control rooms.

At the Reading plant, one operator per shift is assigned to the .
control room. The o@Erator is relieved by'an employee from the
Milling and Casting Department for two 20-minute breaks dﬁring‘
the shift. At-Hamburé;‘two employeeé (an operétof and an
assistant) are stationed in the control room during the 7:00 AM
to 3:00 PM shift. On the tw0‘remaihinq shifts, only one operator
is assigned to the‘éohtrol room.‘ Operators aﬁ Hamburg receive
break pefiods.similar to those given to Readina plant operators.

L ur..-cﬁ’ o
Fd
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TABLE 3-1 COST DATA FOR GBC-TYPE CONTROL ROOMS*

Basic Costs

Control room construction (includes

§41,000

cost of ventilation system):
Alr showe;: 11,700
Total Basic Costs: $52,700
Cost of.optional Equipment-
Video meonitoring system: 16,100
Electronic instruments and |
control panel: 31,000
Remote control vibrators for lead ‘
oxide conveyance system: 15,000
Total Optional and Easic Costs:

$118,000

*19818
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Operator time spent in the control room varies with process
conditions. Each control room has been desidned so that
operators can perform many of their duties without leaving the
room, - However, scme Jjobs, such as loadina flats of lead pigs
onto conveyors feeding the oxide mills, must be performed outside
the control room.

At both GBC plants, lead pigs are loaded on conveyors about once
ver hour. Additionally, operators typically collect lead oxide
samples from a sérew,conveyo: four times per shift. These

samples are analyzed in the control room laboratory.

If process upsets or mechanical problems occur, operators must
spend additional time outside the control room. Although
operators are encouraged by GBC to remain in the control room as
much as possible} operator work habits vary and thus so does

contrpl room time.
3.4 CONTROL ROOM MAINTENANCE

.Virtuvally no maintenance problems Have been reported by GBC
personnel for either the Reading or Hamburg control rooms, At
the time field work for this demonstration‘study‘was conducted,
the primary pfoblem had been malfunction of the automatic release
on the Hamburg air shower door.. The control rooms' ventilation
systems, display panels, and electronic instrumentation have
functioned satisfactorily.

. Stringent housekeeping policv govefns daily maintenance and
'cleaning of the GBC control rooms. An inlet to the oxide plant's
central vacuum cleaning system is installed in each control room.
211 surfaces in both the Reading and Hamburg control rcoms are
vacuumed once per shift. Additionally, surfaces are scrubbed

with socap and water once per shift.

16 1R85 <



4.0 STAND-BY PULPITS AT TONOLLI NORTH AMERICA

Tonolli installed three stand-by-pulpité in its Nesguehoning,
Pennsylvaniaiéecondary lead processing plant in 1981. Located in
the plant's smelter, refinery, and battery crushing/separation
areas, the pulpits were purchased directly from Lintern |
Corporation in Mentor, Ohio. '

The smelter and. reflnery pulplts are 51mp1e 1nsulated enclosures

equlpped with flltered air supply units. The pulpit. in the |
battery crushlng bu11d1nq, .although similar to the other pulplts,
houses the;contrpls for the crushing and separatlon equlpment.

4.1 DESIGN PARAMETERS

4.1.1 Structural Design
Each Tonolli pulpit is constructed similarly to the one shown in
Figure 4-1. L1ntern designed and constructed the metal ‘and glass

modular enclosures to meet Tonolll s spec1f1cat10ns.

Pulpits in the smelter*and‘refinery'areas measure approximately
eight feet”by six feet by eight feet high. "Each has four
insulated glass windows to facilitate operators' observations of
the plant area.. A bench is installed along each pulpit's back
wall for:operator comfort, Pulpit heatlng and cooling is
.controlled by a self-contained heatlng/alr conditioning unit
installed inside each-pulpit. A single door leading dlrectly to
the workplace is used to access the pulpits. |

The crusher-building‘pulpit, shown in Eiqure 4-2, has the same.
features as those described above. Additicnally, it is somewhat
larger-than the other Tonolli pulpits, occupying space measuring
' approximately 24 feet by 8 feet by 11 feet high., The control
penellfor the plant's battery crushing and separation equipment
is‘located_along the back wall of the pulpit (Figure 4-3),

17 |
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FIGURE 4-1. REFINERY PULPIT AT TONOLLI
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~ FIGURE 4-3. INTERIOR OF TONOLLI CRUSHER PULPIT,
SHOWING CONTROL BOARD
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4.1.2 Veﬁtilation System Design

Clean, filtered air is supplied to the pulpits via.a
Lintern-designed air cleaning unit, ‘Air supply units are

. side-mountedion smelter and refinery pulpits (Figure 4-4) and
roof-mounted on the crusher pulpit (Figqures 4-5A and 4-5B).
Designrspeéifications for the air supply'units are given’in Table
4-1. o ' ‘ '

- .

A filter train compdsed of four filters gives each air supply
~unit a design‘particle'rémoVal efficiency of 99.97 percent for
particles greater than.or equal to 0.3 micron in diameter. A
typical filter arrangement is shown schematically in Figure 4-6.
The first filter is a washable electréstatic‘prefiltef. The
second is a diSposable'filter of fine, non-woven fiber in a
deformed pleat configuration. Filter number three consists of a.
bed of disposable activated alumina pellets impregnated with
potassium permanganate. The fourth is an absolute filter which
'uses a disposable glass medium. Filter loading is monitored
monthly by-Lintern persbnnel. '

TABLE 4-1 SPECIFICATIONS FOR LINTERN FILTERED AIR
SUPPLY SYSTEMS

Cabinet dimensiohs:W‘62—1/2" high x 26-1/8" wide x 25" deep
. Weight:. 420 pounds - '

| Auxilliary Equipmené: " - 6":diametér'flexible'hose

Total Air Volume:. 200 - 400 cfm | |
Filter Efficiency; 99.97% removal of particles > 0.3 micron

4

Blower: Sqguirrel cage fan with continuous duty motor

F_ub
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FIGURE 4-'4'. ATR SUPPLY SYSTEM FOR TONOLLI
: SMELTER PULPIT
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FIGURE 4-5A. BLOWER AND MOTOR FOR TONOLLI

CRUSHER PULPIT

 FIGURE 4-5B. FILTER TRAIN ENCLOSURE FOR TONOLLI
CRUSHER PULPIT ‘
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FIGURE 4-6. SCHEMATIC OF LINTERN AIR SUPPLY SYSTEM
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Air enters smelter and refinery pulpits through a four-inch
aiameter‘round duct ana a four-inch wide rectangular diffuser.
'The inlet air diffuser is located in the puipit wall
_approximately seven feet above the floor. Air is exhausted
through a floor-level, nine-by four-inch diffuser. At the
crusher pulpit, inlet air and exhaust ducts are located in the
ceiling. Adjustable diffuser vanes can be used to direct air
flow,

_The air supply system in 'each pulpit is-designed to maintain a
positive pressure of 0.1 inch w.g. in the'pulpit.. Smelter and
refinery pulpits receive a design air volume of 200 cubic feet
per minute. The larger crusher pulpit air supply system is

designed to deliver 400 cubic feet per minute.
4.2 PULPIT COSTS

Linﬁern constructs pulpits like those at Tonolli to meet clients'
specifications using modular constrUctioﬂ_materials. Lintern
will supply, as it did for Tonolli, a complete design,
engineering and construction package ready for turnkey
installation by the clieﬁﬁ, Site preparation and installation .

costs are additional.

As was true for the GBC control rooms, costs for construction and
installation of stand-by pulpits will vary with such factors as
pulpit size and plant configuration. BAs a guide, Tonolli has
provided the cost data in Table 4-2 for use in éstimatiﬂg various
" pulpit costs. '

24
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TABLE 4-2 COST DATA FOR TONOLLI STAND-BY PULPITS

Item . . Smelter Reflne:y . Crusher

$£Locat10n (1981 §)

Main equipﬁant (pulbit
"and ventilation system, o : 4 ‘
from Lintern) . . 18,730 18,739 _.37,680

Additional materials ' ' 330 . 6;470 o 1,145
Preparatory work ) - 1,040 3,825 10,040

Installation and

start-up . | 910 810 2,360
 TOTALS - | $21,010 $19,835  §51,225

4.3 EMPLOYEE USE OF PULPITS : (

Employee use of the Tonolli smelter and refinery pulpits varies
with process status and employee responsibilities. At the time
of this proiect's field survey, three of the plant's four rotary
furnaces were in operatlon 24 hours per day, 7 days per week.
Crusher equipment was operating 24 hours per day, 5 days per week
(Monday - Friday). Drossing and other reflnlng operations were
conducted inte:mittently on ali th:ee'shifts,bseven days per week.
Employees rotated among three eight-hour shifts, extending from
7:00 AM - 3:00 PM; 3:00 -.11:00 PM; and 11:00 PM - 7:00 AM.

As many as seven employees per shift may access the smelter
pulpit: »furnacemen, furnace helpers, and fork 1lift operators.
Five to seven employees, including kettlemen, kettlemen's

.25
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helpers, and crane opérators may use the refinery pulpit when
refining operations are in progress, Two operators per shift are

assigned to the crusher pulpit.

Employees are encour&géd by Tonolli managemen£ to maximize time
spent in the pulpits, occupying them whenever "hands-on” tasks
are not being performed. Because equipment controls are located
in the crusher pulpit} operators may spend most of their time in
the pulpits uniess process upsets or mechanical failures occur.

4.4 PULPIT MAINTENANCE

Toneolli personnel reportéd that no maintenance problems occurred
during the pulpits' first twelve months of service. During
start-up of the crusher pulpit, it was discovered that the
supplied air sYstem originally designed for the pulpit was not
adequate because‘it could not maintain a positive pressure of
0.1 inch w.g. in the pulpit., A larger system was subsequently
installed which has proved capable of supplyihg a sufficient

volume of air.

Each of the three pulpits is cleaned once per day by the plant's
cleaning crew. . Smelter and refinery pulpits are vacuumed using
the plant's central vacuum system. The crusher pulpit is cleaned
with soap'énd water. Dust‘isvremoved from all surfaces And
-pulpit windows are cleaned. ' |

Tonolli has a mainteﬁance contract with Lintern through which a
‘Lintern représentative iﬁspects the three Tonolli pulpits cnce
per month. SPeﬁt filfers in the pulpits' ventilation systems are
replaced during the inspection. The cost of this service is
approximately $800 per month.

26
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5.0 'EXPGSURE REDUCTiON EVALUATION

One of the objectives of this demonstration project was to
.evaluate the effectiveness of supplied air éontrol-rooms and
pulpits in reducing employee- exposure to airborne lead. . This
section describes the methodology used to estimate exposure
reduction, the sampling strategy developed to collect exposure
data, and the results of saméling conducted at General Battery

and Tonolli facilities.
5.1 METHQDOLOGY'FOR EQTIMATING'EXPOSURE‘REDUCTION

We anticipated that two factors would most influence the amount
of reduction contributed by empioyee use of supplied air controi
rooms or pulpits: ambient lead concentration inside and outside
the control room, and-the’amount of time spent Ey émplqyees in
the control room. Ideally,.the ambient lead conéentr&tion insiae
supplied air control rooms should be near O.ug/m3. By maximizing
time spent in the clean environment, an empioYee can minimizev
the eight hour fime-weightéd aﬁerage lead, which may be estimated

.as shown below:

ontrol Room Time Control Room) WOLK lace Tim orkplace
- TWA = Concentration Concentratio (N

'Assumlng that the control room concentratlon remalns constant at
yzero, the time-weighted average concentratlon is dependent on
workplace exposure and workplace time. As time in the control
room increases, time in the uncontfolled workplace atmosphere
debreéses, thus reducing the time-weighted average concentration.
Table 5-1 shows the ihfluencé of increased control room time on -
time—weightéd averége concentrations and pércent exposure |
reductipn. As the table indicates, even relatively small control
room times can effectively reduce employée exposure.
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Percent reduction may be calculated:

- % Reduction = Wi —Weighted Average Co centrat1 iy flio00
Average Workplace Concentration

5.2 SAMPLING STRATEGY

Timing of the demonstration project did not allow Radian to
conduct full shift personal sampling of GBC or Tonolli employees
prior to installation of supplied air control rooms or pulpits.
'Thus, no "before and after" exposure data were available from
which to measure exposure reduction. To collect data from which
exposure reduction could be estimated, dual samples were
collected simultaneocusly on employees acce551ng the control

rooms, as descrlbed below.

-Employees selected‘for-peraonal monitoring wore two sampling
trains, as shown in Figure 5-1, Each train consisted of a
high-flow pump (MSA Model G) and a 0.8 u, 37 mm cellulose ester

- membrane filter encased in a plastic cassette. &n air sample was
drawn continuously at a rate of two liters per minute through one
sampling'train for an employee's full work shift. From this
sample Radlan calculated the employee's time-weighted average
lead exposure, which was used in Equation 2 (Section 5.1) to

estimate exposure reduction.

Air was drawn through the second sampling train.(at the same f£low
‘rate as above) only when the employee left the clean environments
of the control room or break room and entered the uncontrolled
workplace atmosPhere. Thls sample was used to calculate a value
representative of the workplace lead concentration eucountered by
the employee throughOUt his work shift The calculated workplace
concentratlon was used in Equatlon 2 to estimate exposure

reduction. |
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FIGURE 5-1. DUAL PUMP PERSONAL SAMPLING TRAIN
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In addition to the personal samples described above, area samples
-‘wefe collected inside the control‘rooms, at point sources
throughout the workplace and in eﬁplofee break rooms. Samples
were.collected and,épaiyzed according to NIOSH method S-341.

At each plant, Radian“catalogued employee work habits in detail.
The monitored employee's. time in the control room, break room,
and workplace was carefully recorded throughout the woikushift,
Employees were interviewed to coilect further information about
activities conducted during a typical shift and to identify any
atypical problems or events occurring during the sampling periced.
Specific sampling and exposure data for each faéility evaluatea

are provided in the following sections,
5.3 < EXPOSURE REDUCTION AT GENERAL BATTERY‘CORPORATION

Results of field evaluations conducted during the 3:00 - 11:00 PM
shift at GBC's Reading lead oxide plant, and for the 7:00 AM -
3:00 PM shift at GBC's Hamburg lead oxide plant are given below.

‘5.3;1 Reading Sampling Results and Exposure Evaluation

A summary Bf operétor activities at the GBC/Reading plant is
shown in Table 5-2, The operator indicated that his activities
were those'of a typical‘ﬁork shiff, except for a problem with
thé hammer mill, which required that he spend additional time
away from the control room. During his shift,:the‘operator

spent:

228 minutes (48% of his time) in the control room,
199 minutes (41%) in thé workplace.x

28 minutes (6%) in the employee breakroom.

25 minutes (5%) in the -shower, '
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TABLE 5-2

SUMMARY OF QPERATQR ACTIVITIES

'GBC/READING LEAD CXIDE PLANT

ACTIVITY

Draws samples from screw conveyor carrying lead
oxide.

Returns to control room.

Goes upstairs to check screw conveyor cyclone
{pounds vibrators with hammer).

Returns to control room.

Cils gears on §2 ball mill. Goes to cyclone and
pounds vibrators.
)

Returns to control room.

Loads pigs on conueyor at each ball mill. : Pounds
cyclone vibrators and collects oxide samples.

Returns to control room. Runs oxide laboratory
analysis. :

Loads pigs, pounds cyclone vibrators.
Goes to employee lunchroom.

Returns to ball mill area, loads pigs, collects
oxide sample, hammers vibrators.

Returns to control room

Collects oxide sample, hammers v;brators.'
Returns to control rooms.

Collects oxide samples.

Returns to control room. Runs oxide laboratory

analysis.

Problem with hammer mill. Works to solve problem,

Loads plgs on conveyor.

Returns to control rocm.

Checks hammer mill operation.

Returns .to control room.

Checks hammer mill operation.

Returns to control room.

Loads pigs on conveyer. Hammers vibrators.

Returns to control room, :

Collects oxide Samples. Hammers vibrators.

Returns to control room. ' Runs oxide laboratory

analysis.

Loads pigs on’ conveyor and hammers vibrators.
Vaeuums ball mill area. .

Returns to control room.
Makes "final rounds” before shift change.

Goes to shower.

A Ay
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Sampling results for the GBC/Reading plant are shown in Table . 5-3.
From the operator TWA and workplace concentration data, and using
Equaticn 2 from Section 5.1, exposure reduction due to operator

use of the supplied air control room could be estimated:

206 ug/m3 - 92 ug/m3 @00)
206 ug/m3

% Reduction =

= 55%

The Reading operator‘’s primary source of exposure appeared to be
" his periodic hammering of the screw cOnveyor cyclone vibrators.
An area sample taken near the vibrators was inadvertently

destroyed by the operator's vigorous hammering. However,

. measurements taken with a Sibata P5 real time aerosol counter

indicated high levels of dust in the area., Had the operator
limited his hammering activity (as he has been encouraged to do
by GBC management) his exposure would likely have been further

_ reduced.

5.3.2 Hamburg Sampling Results and Exposure Evaluation

Two employees were assigned to the Hamburg control room on the
day of Radian's field evaluation. The mill operator had
respon51b111t1es similar to those of the Reading operator. The
assistant operator's duties, included control room and workplace
housekeeplng and maintenance and m15cellaneous tasks to support
plant operatlon. The mill operator was chosen for personal -,
monitoring because his activities were considered more

representative of typical plant operating tasks.
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TABLE 5-3 GRC/READING SAMPLING RESULTS

. Concentraticn
Location - (Eg/m3) Type
Operator (full shift sample)} - 92* B2
Workplace (from operator intermittent
sample) . 206 BZ
Contrel room- | , . <5 Area
Oxide plant near pig conveyors | 16 ' Area
Employee breakroom . ' <5 Area

*é-hour, time-weighted average concentration.
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An activityISummary for the Hamburg operator is given in Tablel
'5-4. The summary shows that the Hamburg operator, although
performing essentially the same tasks as the Reading operator{“‘
spent much less time in the control room. The difference is due
'in part to a mechanical problem with . the pig shear, whlch
required manual operation (Flgure 5-2).

The operator 1nd1cated that he sDent somewhat less time in the
control room because of the problem, but that he typically spent
less than 50 percent of his time in the chtrol room... During his

shift, the Bamburg operator spent:

348 minutes (72% of his time) in the workplace.
59 minutes (12%) in the breakroom.
32.minutes'(7%l in the control room,

41 minutes (9%) in. the hyqlene fac111ty

Sampling results for the GBC/Hamburg plant are shown in Table 5 5.
. From theSe data, operator exposure reductlon potentlally
attributable to the control room and other "clean areas" could be
estimated: -

'$ Reduction =

100 ug/m3 - 56 ugﬂgi éﬂq)
100 ug/m3

= d4%

The relationship betwen control room ambient lead concentration
and time, and employee exposure reduction is not as clearly
delineated'for‘the GBC/Hamburg operator as for the GBC/Reading
operator. Although he spent much less time in “clean areas," the
Hambura operator's overall exposure to airborne lead (almost half
that of the Reading eperator), was very close to the OSHA
‘Permissible Exposure Limit (PEL) of 50 ug/m3. Use of the centrol
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TABLE 5-4 SUMMARY OF OPERATOR ACTIVITIES
GBC/HAMBURG LEAD OXIDE PLANT

Time . . ' Activity

7:10 A ‘ Goes to mill area from control room. Loads pigs
: on conveyors. . Monitors pig shear operation.

B:38 A 1' Returns to cdntrol room,

- 8:47 A Goes to mill area - act1v1t1es same as listed

.above for 7:10 A.

B:58 A , Returns to control room, qoeé immediately to
break room.

9:34 A Goes to mill area. Loads pigs; collects oxide
samples.
10:32 a = Returns to control room, Runs oxide laboratory

analysis,

10:48 A Feeds pigs to shear. Collects oxide samples.
12:04 A » Goes to break room for lunch.
12:27 p » Returns to mill area. Loads pigs; feeds pigs to

shear. Collects oxide samples.

l:31.p ~ Returns to control room. Starts oxide laboratory
analysis.

l:32 P Goes to mill area.
2:29 p ~Returns to control room goes lmmedlately to
shower. .
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FIGURE 5-2. MANUAL OPERATION OF(HAMBURG PIG SHEAR.
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_ room and other "clean areas" undoubtedly influenced exposure
reduction, howevef. An additional contributing factor could be
the Hamburg operateor's work habits, which were considerably more

careful than those of the Reading operator.

TABLE 5-5 SAMPLING RESULTS FOR_GBC/HAMBURG

. , Concentration
Location — (ug/m3) Type ~
Operator _‘  IR - S 56%x . - BZ
Workplace (from operator intermittent ‘ )

' sample) o o , ‘ - 100 - BZ
Control room ' N | - <5 o Area
Oxide plant near pigfcoﬁveyoré-_ ' 21 Area
Employee breakroom ' : C 27 Area

*8-hour,'time-weighted‘averaQe‘conCéntratioﬁ.
5.4 EXPOSURE REDUCTION AT TONOLLI NORTH AMERICA

Field evaluations were conducted by Radian fof two of Tonolli's
three pulpits. Bécéuse smelter and refinery pulpits are
identical in construction and operating mode, only the smelter
pulpit, which receives more continuous use, was characterized.
Additionally, the crusher pulpit was evaluated. Both were
observed during the 7:00 aM - 3:00 PM shift.
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5.4.1° Smelter Pulpit Sampling Results and Exposure Evaluation

A summary of 'activities for one Tonolli employee accessing the

 smelter pulpit is shown in Table 5-6. The employee chosen for

personal ménitoring was a furnace operator, with responsibility
for tending the smelter's rotaty furnaces.

Activities recorded for the furnaceman are somewhat atypical.

The employee was away from the smelter area more than usual; he
went to the employee lunchroom to have a bloéd:sample drawu at
the beginning of his shift and left ‘the work area early to attend
a safety meeting 1n the plant admlnlstratlve offlce bulldlng.

The furnaceman 1nd1cated that he spent less time in the smelter
pulplt than usual because he was needed ln the furnace area
during most of his Shlft Throughout hlS shift the furnaceman
spent:

319 minutes (67% of his time) in the smelter area.
52 minutes (11%) in the employee lunchroom.
16 minutes (3%) in the smelter pulpit, ‘
93 minutes (19%) in hygiene facilities and plant

administrative area.

Sampling results for the furnaceman, emelter pulpit, surrocunding
workplace are shown in Table 5-7. FProm these data, employee
exposure reduction‘potentially attributable to time spent in
cleah areas (pulpit, lunchroom, administrative offices) could be
estimated: |
297 ug/m3 - 230 ug/m3 (ioﬁ)

297 ug/m3

% Reduction =

= 23%
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Time

7:43 A

10:02 A

10:18 &

TABLE 5-6 SUMMARY OF FURNACE LEADMAN
ACTIVITIES AT TONOLLI NA

Activity
Employee to furnace area. Activities include
operating a jackhammer prior to tapping,
monitoring furnace conditions, recording data.

Employee to lunchroom for'bloqd'test.

Employee to furnace area. 'Activities same as for
7:43 A. ‘ ' L

Returns to pulpit for break. .
Returns to furnace area.

Goes' to lunchroom.

‘Returns to furnace area

-

Leaves smelter for day. Goes to shower and to
office building for safety meeting,

40 il 3



-

TABLE 5-7 SAMPLING RESULTS FOR TONOLLI SMELTER AREA

L . : , Concentration’

Location ‘(ug/m3) . Type
Opefatqr'(full shift‘sample)‘ ' II'230* : ' BZ
Workplace (from operator intermittent .

| sample) f . | 297 | . BZ
Pulpit ' ‘ J 23 - Area
Smelter floor near operator's stand K 333 Area

Employee lunchroom - ‘ ‘ 30 - Area

*8-hour, time-weighted average exposure.

Because the monitored‘employee spent so little time in the
smelter pulpit, we can reasonably assume that pulpit use alone
cannot account for the furnaceman's overall exposure reduction.
However, because the furnaceman spent a total of 33 percent of
his time in "clean" areas away from the workplace, somé‘reduction

was observed despite his low pulpit use.

One might have expected the furnaceman's overali expoéure 7
reduction to have been greater than 23 percent, as one-third of
his shift was spent away from the workblace. Reduction was
probably not as great because lead concentrations in the "clean
Qreas" were not near 0 ug/m3, but ranged from 20 to 30 ug/m3.

t:)qf!,\
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5.4.2 Crusher Pulpit Sampling Results and Exposure Evaluation

The crusher pulpit at Tonolli's Nesquehoning plant is
much-needed, because airborne lead levels in the crusher building
are among the hiqhest at the plant. By enclosing the crushing
and separation equipment controls within the puipit Tonolli has
enabled crusher operators to remain in a clean env1ronment for
extended periods under normal operatlng conditions.

Unfortunately, Radian did not evaluate the crusher pulpit under
normal conditions. On the day of‘the field survey, mechanical
problems forced the shutdown of the crushing and separation
equlpment. The operator assigned to the crusher pulpit spent
much more time than usual outside the pulpit in his attempts to
repair the problem and restart the eguipment. However, a
substantial reduction in exposure was achieved, as is discussed

below.

An activity summary for the crusher operator is given in Table
5-8B. The summary shows that the operator entered and exited the
pulpit many‘times as he attempted to solve equipment problems,
and that he stayed in the pulpit only for short'periods of time
for most of the shift. During his shift the operator spent:

198 minutes (41% of his time) in the pulpit.
140 minutes (29%) in tbe crusher area.
B6 minutes (1B%) in the shower/offices.

56 minutes (12%) in the employee breakroom.
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Sampling results for the crusher operator and crusher bUlldlng
and pulpit are shown in Table 5-9. From these data, operator
exposure reduction could be estimated:

‘ | - 3
$ Reduction = 1570‘ua/m3 364 ug/m Q.OO)
’ : 1570 ug/m3

= 77%

T‘ABLE 5-9 SAMPLING RESULTS FOR TONOLLI CRUSHER AREA

Concentration
Location - .~ (ug/m3) Type
Operator (full shift sample) 364* BZ
WOrkplace (from operator intermittent
sample) ~ ' - - 1570 B2
Pulpit ' | 53 Area
Crusher area near plastic conveyor - 568 'Aréa
Employee lunchroom ' o  23 Area

*8-hour, time-weighted average concentration.

‘The crusher operator's estimated exposure reduction, due
primarily to his use of tﬁe crusher pulpit, dramatically
illustrates the effectiveness of pulpit enclosures as control
devices., Although ambient leadvconcentrations‘in the pulpit were
. higher than observed in other pulpits and control rooms, and
though the operator's time-weighted average éxposure was still
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far above the DOSHA PEL of 50 ug/m3, the relative exposure
reduction of over 1 mg/m3 represents -a substantial improvement in

employee exposure.

The higher ambient. lead concentration in the crusher pulpit is
probably due to the high airborne lead concentration in the
surrounding workplace and to the high degree of traffic the
pulpit experienced during the sampling period. The:pulpit's
ventilation system appeared to be'opeiating properly;: the pulpit
was under positiﬁe pressure and the filter train seemed to be in
'900d.working order. Better housekeeping in ﬁhe pulpit (as
‘discussed in Section.6 of this report) could minimize entrainment
of tracked-in dust within fhe pulpit and thus lower its ambient

concentration.
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6.0 RECOMMENDATIONS

Supplied air control roqmé and stand-by pulpits must be properly
cleaned and maintained if they are to continuously maintain low
ambient lead concentrations. Enclosures should be vacuumed and
scrubbed with soap and water so that no lead dust is allowed to
collect on flat surfaces., The structural integrity of the
enclosures must remain intact; no holes or cracks through which .
lead may enter shoula be tolerated.

Preventive maintehance should be performed on a regularly
scheduled basis. Maintenance of enclosures' ventilation systems
is particularly impoftant. Thé systems' filter trains should not
become clbggéd or damaged. Intake and exhaust air flow must be
carefully monitored to ensure that the rooms are ﬁnder positive

pressure at all times.

If auxilliary equipment such as air showers or shoe cleaners is a
part of the control room or pulpit, this equipment should be kept
in good working order. Malfunctioning equipment will not serve
its intended purpose of reducing employee lead expoSure}
‘Additionally, employees may be discouraged from adcessing-
enclosures if they must deal with malfunctioning or broken

equipment.

Area monitoring should be conducted inside enclosures as a part
of a plant's comprehensive monitoring program. Periodic
measurements should be made to ensure that airborne lead levels

within enclosures remain close to 0 pg/m3,

To assist secondary lead industry management in maintaining high
performance of control rooms and pulpits, Radian has developed a
checklist for subplied—air enclosure evaluation. The checklist,
shown in Table 6-1, may be used daily by plant management to

ensure that enclosures are operating up to specification.

“rf 4 .
‘__i':

Lany
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A preventive maintenance checklist should be developed for
individual plants based on their enclosures' specific designs and
operating modes, The checklist should include such items as:

. Schedule for ventilation system filter replacement,
Schedule for‘replacing ventilatiopn system hbses, clamps, -
and blower internal parts. '

Schedule for replacing window and door moidings.
Schedule for cheéking and replacing air shower
ventilation systém internal parts, including automatic

doors, blower, nozzles and lighting,
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TABLE 6-1: DAILY CHECKLIST FOR ENCLOSURE EVALUATION

‘Ventilation System:

1) 1Is the ventilation system turned on?
. 2) 1Is the pulpit under positive pressure?

3) Are the inlet and exhaust diffusers open‘and adjusted
properly?

4) Are the door and windows sealing properly? (No cracks or

holes.)
S) Is heatiné/air conditioning system functioning properly?
Housekeeping

1) are all surfaces (floor, windowsills, etc.) dust-free?

2) Is a daily housekeeping program (vacuuming plus wet-
scrubbing) being followed?

Auxilliary Eguipment

l) Are air showers, shoe cleaners, etc. functioning properly?

2) Are employees using the eguipment properly?
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FOREWORD

The National Institute for Occupaticonal Safety and Health (NIOSH)
is responsible for helping ensure that every person in the U.S.
has safe and healthful working conditions. Toc accomplish this
end, the Institute engages in research on occupational safety and
health problems including evaluation of hazards and their
control.

One of the hazards considered for evaluation and control is lead
exposure in the secondary lead smelting 1ndustry. NIOSH
therefore funded a study to demonstrate em1551on and exposure
‘controls at secondary lead smelters,

This technical report presents the findings of one of the

demonstration projects. It has been written primarily for the
secondary lead smelter operator. We hope it will provide the

" basis for further exposure reductions in plants where the
technology can be adopted :

ill 'fn y-;‘_
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EXECUTIVE SUMMARY

Lead emissions generated from clearing blast furnace tuyere
nozzles have been suspected as major contributors to furnaceman
lead exposures in secondary lead smelters. The primary
objectives of this study were to characterize furnaceman exposure
during tuyere "punching" and to construct and evaluate
engineering and work practice controls applied to tuyere
punching, :

Radian performed this study under the sbonsorship of the National
Institute for Occupational Safety and Health, On-site control
evaluations were made at East Penn Manufacturing Company's
secondary lead smelter in Lyon Station, Pennsylvania.

Personal sampling data collected during the study indicate that
tuyere punching may account for as much as half of a furnaceman's
lead exposure. Three major emission sources contribute to tuyere
punching exposure: - fume from the metal punch rod; clouds of dust
'from gloves entrained in escaping blast air; and fume and
particulate material from the blast furnace.

East Penn has develcoped and tested numerous engineering and work
practice controls for use on blast furnace tuyeres. The most
effective of these is a hydraulically-powered tuyere punching
device which seals the tuyere outlet during punching. This
device eliminates employee exposures from furnace or sunch rod
emissions and dust entrained in blast air escaping the tuyere.

East Penn considers its hydraulic tuyere punch as a
state~of-the-art control for blast furnace tuveres, The Company
plans to install hydraulic devices on its eight blast furnace
tuyeres by August 1983, Estimated cost is $12,000, which
includes materials, fabrication and installation. An appropriate
hydraulic system adds about $2000 to overall control costs,

Other controls tested by East Penn include work practice controls
such as a glove cleaning station with local exhaust ventilation
and a variety of engineered controls applied directly to the
tuyere. None of these controls were as effective as the
hydraulic punch. &additicnally, many proved to be either
technically or economically infeasible, and several demonstrated
Serious maintenance problems.
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1.0 INTRODUCTION

This report describes the results of a study to cbnstrbct and
evaluate the effectiveness of controls for lead emissions from
blast furnace tuyeres; A tuyere is a mechanical device thfough
which air or oxygen-eﬁriched air is supplied to the blast furnace

to support combustion,

The objectives of the sfudy were to:

‘

e Investigate and characterize the equipment'and operation

of a tuyere nozzle system,

e Investigate lead emissions associated with tuvyere

operations, -particularly during tuyere punching.
‘@ Design and build tuyere punching emission contrecls.

e Develop and implement work practice controls which reduce

or eliminate tuyere emissions and exposures,

e Evaluate the effectiveness of controls in reducing

emissions and exposure,

e Develop technical, cost, and operating information which
will be useful to smelter operators interested in
reducing or eliminating tuyere punching emissions and

exposures.

To conduct this study, Radian made site visits to East Penn
Manufacturing Company's secondary lead smelter in Lyon Station,
Pennsylvania. Additional technical and cost data were supplied

by East Penn personnel.

l - p [ )
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East Penn considers Getailéd design specifications for the
hydraulic tuyere punching device described in this report as
proprietary. However, the Company has agreed to make available
technical information and technical assistance on a
fee-for-service basis. Persons wishing additional information
should confact: )

Kenneth Pike

Vice President, Metals Division
East Penn Manufacturing Company
Lyon Station, Pennsylvania 19536
215-682-6361 |

Radian performed this study for the Division of Physical Sciences
and Engineering, National Institute for Occupational Safety and
Health. ﬁe hope that use of information contained in this report
will result in reduced airborne leéd exposure to secondary lead
industry employees, and more cost-effective implementation of
occupational exposure controls,



2.0 DISCUSSION AND CONCLUSIONS

‘Time—weiqhted averege lead exposures'of'blast furnace operators
in secondary lead sneiters ere typically highé " in some instances
they may be greater than ten times the OSHA Permissible EXposure
Level (PEL) of 50 m/m3 (29 CFR 1910. 1025). Although many
em1551on sources contr;bute to_furnaceman lead exposure, tuyere.
"punching" (removal of slag accretions from tuyere -nozzles) has
been‘considered a major source of expdsure bf’smelter operators

and occupational health professionals. .

In this demonstration stddy,-?adian characterized tuyere punching
as an emission source. Sampling results obtained and

‘- observations made durlnq two visits to East Penn Manufacturina's

secondary lead smelter documented tuyere punchlnq s contrlbutlon

to furnaceman exposure.‘

Personal sampling data collected dnring this efudy indicete that
tuyere punching may account for as much as 50 percent‘of'a
furnaceman's lead exDosure; ‘Process conditions end individual
employee work habits may 1nf1uence the extent to whlch tuyere
punching act1v1t1es affect exposure. However, the nature of
these activities is such that high exposure levels may be

unavoidable if no controls are employed,

- Three emission sources appéef to contribute to overall exposure
-potential presented by tuyére punching. Readings taken with a
real-time aerosol counter indicated that fume from the metal
punch rod as it is w1thdrawn from the tuyere may contribute the ‘
most to exposure.: A second source 1s clouds of dust entralned by
blast air escaping from open tuveres. Radian observed numerous
dust clouds blowing from furnacemen's qloves ‘and from surfaces
around the blast furnace. Additionally, smoke sometimes poured-
from open tuyere outlets, indfcating that.fume and particulate
material from the blast furnace were entering the workplace in

streams of escaping blast air.
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The most effective control for blast.furnaéé tuyere emissions is
one that minimizes or eliminates‘the flow of blast air from the
tuyere outlets during‘punching. At East  Penn, process
considerations prohibit diversion of blast air to the baghouse
when tuyeres are punched .as it is during slag tapping. Such a
diversion of air from the furnace could consume as much as 10
minutes per hour, causing a considerable decrease in crude metal

production from the furnace,

East Penn has ﬁested a number of control devices which have been
applied directiy to its blast furnace tuyeres. The most
effective of these cbntféls is a hydraulically-powered punching
device which remains invthé tuyere at all times., In contrast to
manual tuyere punching, which';equi;es close employee contact wth
blast air from the tuyeres, employee use of‘the hydraulic punch
is limited to activation of the control switch which turns the

device oﬁ and off.

Because it seals the tuyere outletlduring punching, the hydraulic
punch effectively eliminates lead exposhres from furnace or punch
rod emissions or exposure from entrained dust from aloves or
surfaces in the furnace area. Use of the hydraulic punch does
hot adversely impact furnéce operating conditions. BAdditionally,
the hydraulic punch is enthusiastically accepted by furnace
operators, many of whom say that manual tuyere punching is "a
nasty job." East Penn plans to install hydraulic punches on its
eight blast furnacé tu?efes by August 1983,

Otﬁer,ﬁuyere controls implemented by East Penn have been much
less successful than the hydraulic punch. None controlled tuyere
emissions as effectively, and several exhibited severe

maintenance and operating problems.
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Because East Penn had in place only one hydraulic punth’during
the course of this demonstration project, Radian could not
quantify employee exposure reduction effected by a hydraulic
tuyere punching systeh. Our personal sampling 'results showed no
,significanr difference in furnaceman lead exposure due to the

installation of one hydraulic device.

However, we have cencluded from observing the'bperation of the
prototype hydraulic punch that a system of hydraulic devices,
applied to all blast furnace tuyeres, should eliminate tuyere
punching as a lead emission source. Hydraulically-punched
tuyeres are not‘opened prior to punching:; thus no blast air
escapes from the tuyeres. Puneh rods remain inside the tuyeres
and therefore are not sources of high concentrations of 'lead

fume,

Sampling data from this project suggest that eliminating tuyere
puhchinq as an.emissienﬂsource should substantially. reduce blast
furnace operators' exposure‘to‘airborne lead. 'Slnce many other
sources potentlally contribute to furnacemen's exposures,
1mplementat10n of a hydraulic tuvere punchlnq system probably
will not be sufficient to reduce exposures below theJOSHA PEL.
When used in conjunction with other englneerlnq .and work practice
controls, however, a hydraullc system 11ke the one at East Penn ‘
should form an integral part of a comprehensive exposure control
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. 3.0 OVERVIEW OF SMELTING AND REFINING OPERATIONS

This section briefly describes process activities associated with
secondary lead smelting and refining at East Penn Manufacturing
Company. It has been included to familiarize readers with
process parameters and thus facilitate understanding of the

controls described in Section 5 of this report,

Figure 3-1 shows 'the layout of the‘East Penn smelting'andl
refining area. The smelter processes automotive and industrial
lead acid batteries and small amounts of léad,scrap materials,
Prodﬁced are hard lead pigs which are used captively by the
Company's adjacent battery and cable manufacturing divisions.
The smelter operates 24 hours/day, 7 days/week, 46 weeks/year
under normal conditions and employs 40 employees who rotate
through three eight-hour shifts,

Major process equipment at the smelter includes a 4Z-inch
diameter blast furnace and two ;efining kettles. Support
_equipment includes a flue dust agglomeration furnace, battery '
‘ breaking.andlseparation eguipment, baghouses, scrubbers,

materials handling egquipment and casting machines.
3.1 RAW MATFRIALS HANDLING

East Penn uses 90-95 percent SLI (start, light, ignite) batteries
and 5-10 percent industrial batteries as blast furnace feed

materials, Both are delivered to the plant by truck,

‘At the time of this demonstration project's initial site visit,
scrap SLI batteriés were broken by a slow-speed saw in a small
building adjacent to the smelter. On our return visit, the SLI
battery breaking facility was cshut down in preparation for mador
process and equipment changes scheduled for completion in August
1983, ©Until then, the smelter is having batteries dismantled by

outside breakers.
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FIGURE 3-1. EAST PENN SMELTER LAYOUT



Industrial batteries afe manually broken in an open air work area
near the smelter building. Battery groups from both SLI and
industrial batteries are stored in an outside storage pile.

3.2 FURNACE OPERATION

The East Penn blast furnace measures 42 inches in diameter and is
constructed of steel, water-~jacketed and lined with refractory at
the top. Charge materials are introduced through access doors in
the top of the furnace via a skip hoist. Blast air (design 7
volume B800-950 cubic feet per minute),_mixed with an additional
two percent éxygen,_is introduced through tuyeres located near

the furnace crucible.
Charage materials include:

Scrap batteries
Battery‘mud
Manufacturing scrap
Dross

~Agglomerated flue dust
Rerun slag

Coke

Limestone

Iron

Silica
3.2.1 Tuyere Punching

As smelting progresses, molten lead sinks to a lead well at the
bottom of the furnace and is covered by a layer of molten slag.
Because blast air is considefably colder than the furnace
interior, slag tends to solidify‘in the tuyere nozzles, thus
clogging the tuyeres, restricting the flow of blast air, and
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inhibiting the smelting process, Slag accretions must be remcved

by "punching" each tuyere once or twice per hour to restore the
flow of blast air and maintain cptimium furnace operating ‘
conditions. ' ‘ ! ‘

'Blast air is not‘bypassed‘during tuyere punching. In manual
_punching, shown“in'Fiqure 3—2,'the'furnaceman'opens the tuyere
cap, inserts a steel;fodhintorthe tuyere to remove slag
accretions, removes'the rod, 1nspects the tuyere nozzle throuqh
an eyepiece located -in the tuyere, and recaps the tuyere. The
process is repeated for each of: the furnace 5. elght tuyeres.

3.2.2 slag Tapping
| 1
Depending on'furnaee operatinq“cenditions, slag is tapped every
45 to 60 minutes. ) f1re clay plug is removed from the slag tap‘

‘hcle with a steel bar attached to.a pneumatic hammer (Figure 3- -3,

Initially, slag is allowed to flow while blast air is at normal
. pressure, but as it emptles into the ‘slag cruc1b1e, tuyere blast
- ailr is'bypassed‘and exhausted,toAthe ventilation baghouse. When

slag tapping is completed, blast air is;reetored_to the furnace.
3.2.3 TCrude Metal Tappiag :

Crude metal is continuously tapped,from the blast‘furnace inte
‘one-ton crucibles located on a revolving carousel (Figure 3-4),
Steel liftiné handles are inserted into each crucible before the
metal solidifies.v Solifified blocks of crude lead are lifted
from the crucibles with an overhead monorall hoist and stockplled
near the blast furnace unt11 they are sent to the reflnlng
kettles. : '

The East Penn blast furnace had the capacity‘to produce 65 tons
of crude lead ver 24-hour day at the tlme thlS demonstratlon ‘

progect was conducted.
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FIGURE 3-2. FURNACEMAN MANUALLY PUNCHING T‘UYERE‘
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FIGURE 3-3.

FIGURE 3-4..

OPENING SLAG TAP HOLE

CRUDE METAL TAPPING
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3.3 CRUDE METAL REFINING

The smelter has two 30-ton reflnlng kettles (Fiqure 3-5) which
operate on a staggered schedule to produce 23 to 25 tons each of
flnlshed‘lead. - Crude lead blocks are placed-ln the kettles, .
melted, andjstirred Qitn a mechanical sﬁirring'device lowered
into the molten metal; Refininglagents are‘manually added and

stirred into the melt.

Dross is.manually skimmed from the top of the melt and deposited
in “pies"lon_steel pallets.' After skimming is complete and
decired alloying agents are added the melt is allowed to cool
until pumped to the‘castina machine.

3.4 INGOT CASTING

Ingots or pigs are cast 1n a mobile machlne which moves between
the two reflnlng kettles on metal tracks. Molten lead is pumped
from the refining kettles through & preheated pipe to the
greheated castino machine reservoir, as shown in Figure 3-6.
From the reservoir, it is poured into water-cooled molds whlch

are mechanically advanced along the length of the casting ‘machine.
Cooled pigs are ejected from the molds and manually stacked in

pllee. Plg -stacks. are removed from the smelter by forkllft
3.5 PROCESS EMISSION CONTROLS

Extensive process emission control‘eystems have been inétalled at
East Penn since 1979. Exhaust ventilation hoods are provided at
the bottom and the top of tne skip_noist, over the blast furnace
charging doors and over the furnace access doors, Slag tappina
emissions are controlled by a local exhaust enclosure. Local
exhaust ventilation also is provided for the crude metal tapping
‘area; over each of the refining ketrles, and over the casting
line. ' ‘ ‘ |
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FIGURE 3-5. REFINING KETTLE

FIGURE 3-6. MOLTEN LEAD PUMPED INTC CASTING MACHINE
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The emissions captured in the above exhaust systems are treated
for particulate removal in two baghouse systems. The slag
tapping baghouse controls emissions from the slag tapping hood.
The sanitary baghouse serves the skip hoist hoods, the blast '
~furnace charging door and access‘door, crude metal tapping,
refining kettle, and pigging machine hoods. Hot blastlfurhace
off-gas 1is treated in a‘third alr cleaning system for process

gas.
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4.0 EXPOSURE EVALUATION

One of the major objectlves of thlS demonstration pro;ect was to
1nvest1gate and characterize lead em1551ons assoc1ated with
manual tuyere punching activities. Data ‘collected by East Penn
and Radian indi;étéd that furnacemen's eight-hour time-weighted
average (TWA) lead exposures (shown in'Table 4-1) were hiqh.

TABLE 4-1., FURNACEMAN 8-HQUR TIME-WEIGHTED AVERAGE EXPQSURE DATA

Date ' Data Source .  B-Hr. TWA (ua/m3)
2/16/82 . . East Penn . - 488

3/19/82 . East Penn ’ 342
3/19/82 B ) East Penn ‘ ‘ 1391

3/28/82 - Fast Penn ' . L1423

3/28/82 - . ‘East Penn . 837
4/28/82 " East penn | 665
7/26/82  Fast Penn 314

7/26/82 " East Penn S 379
9/28/82" | Radian . 435

3/01/83 Radian . . 899

quevér; little information was available about the extent to
which manual tuyere punching activities contributed to employees'

overall time-weighted average lead exposures.

Smelter operators contacted'by Radian indicated that they
percéivéd tuyere punching as accompanied by high lead exposures,
but none had data to support this'assumptidn. additionally, the
sources of lead emissions {e.qg. fume from the furnace mixing with

tuyere air) were not known.
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This gection presents the results of Radian's attempts to
document employee Qprk practices and characterize emissions from
tuyere pﬁnChing activities at East Penn'Manufacturing. .Sampling
and analytical methods used to generate these results are

described in detail in Section 6.
4.1 EMPLOYEE WORK PRACTICES.

Three employees per shift are responsible for blaét furnace
operatibn at East Penn. ' These employees rotate through three
jobs (furnaceman, hoistman, ana payloader operator), performing
each'job every fourth Qorkinq day. The furnaceman monitors slag
levels, initiates slag tapping operations (Figure 4-1), removes
solidified slég‘from the smelter (Figure. 4-2), and punches
tuyeres., The hoistman monitors crude‘metal tapping operaticns,
is responsible for loading and unloading crucibles from the metal
tapping carbusal (Figure 4-3), and if necessary, assists the
furnaceman in punching tuyeres. The payloader operator,
responsible fér furnace charaing aciivities, is not involved in
tuyere punching activities.

" A schematic diagram of a blast furnace tuyere is shown in Figure
4-4. Tuyeres at East Penn are punched at least as often as slag
is tapped (every 45 to‘60 minutes). If furnace conditions result
‘in rapid buildup of slag accretions in the tufere nozzles, the
tuyeres are punched more fregquently. S

At East Penn, the tuyere airrbypass valve remains closed during
tuyere punching, as shown‘in Figure 4-5. Thus, a stream of'blast
air escapes through the tuyere outlet each time it is opened,
East Penn management indicated that'productidn losses would

occur if blast air is bypassed each time tuyere punching occurs.
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FIGURE 4-1. FURNACEMAN -MONITORING SLAG TAPPING
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FIGURE ‘4—2 . . REMOVING SLAG POT FROM THEHE SMELTER
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FIGURE 4-3. REMOVING CRUDE METAL BLOCKS FROM CRUCIBLES
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