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Abstract 
Emission source characterization and detailed work task - exposure analysis were 
conducted at a gray iron foundry for the purpose of designing an exposure control 
system. The source characterization revealed that the emission of carbon monoxide 
from cooling molds is highly variable from mold to mold, and the quantity of CO emitted 
does not appear to be directly associated with the size of the casting. The unpredictable 
nature of the CO emissions made it infeasible to implement a model of ambient CO 
concentrations based upon the size and number of castings produced, however the 
detailed work task - exposure monitoring revealed the specific steps in the work process 
that made the greatest contribution to personal CO exposures. This information 
provided the basis for a set of recommendations on control options, and the foundry 
management has taken them under consideration. 

Significant Findings 
The following have been identified as significant findings of this research: 
1. The emissions of CO and other materials from green sand molds are highly variable 

between molds, and are influenced by a number of factors. Casting size and weight 
alone is probably not a good predictor of emissions during cooling. 

2. Gray iron castings such as those made at the test foundry cool quickly after pouring, 
and their emissions of CO and PM decay to background levels within one hour after 
pouring. 

3. An effective exposure control strategy is likely to be feasible if the casting can be 
isolated from the foundry environment during that first hour after pouring. We were 
unable to verify this experimentally, however. 

4. Video exposure monitoring is a very effective tool for identifying the specific steps 
and activities within a worker's job, and for determining the relative contribution of 
each step to total exposure. This information can serve as the basis for an 
intervention strategy. 

Usefulness of Findings 
The usefulness of these findings to the test foundry has not yet been determined. The 
possibility exists that they will implement one of the options for control that has been 
presented to them, however that determination has not been made as of this time. The 
significant findings mentioned above will be useful to investigators who are seeking to 
reduce exposures in casting production in foundries. 

Scientific report 

The study "Developing Exposure Controls by Material Balance Modeling" had seven 
specific aims: 
1. To characterize the emissions, specifically the carbon monoxide (CO) and 

particulate material (PM) generation rate for pouring, cooling and shakeout of green 
sand molds, and to develop emission factors for CO and PM; 

2. To conduct a detailed work activity exposure analysis of the casting process using 
video exposure monitoring (VEM); 

3. To apply the material balance model to predict CO and PM concentrations in the 
work area during mold pouring, cooling and shakeout in four foundries, using 
measurements of emission rates and workplace parameters as terms in the 
predictive model; 



4. To compare the model's predicted CO and PM concentrations with measured CO 
and PM concentrations in the production area, and to modify the material balance 
model as needed to optimize its predictive value, using the field study measurement 
data; 

5. To identify the work tasks which make the greatest contribution to total exposure 
using VEM analysis; 

6. To design a control technology system to control casting line emissions based upon 
the information obtained on the emission characteristics of the exposure sources 
(step 1) and the work steps that are the most important causes of personal 
exposures (step 5); 

7. After fabricating and installing the control system, to repeat the detailed exposure 
assessment to evaluate its control performance, and modify the system to optimize 
its effectiveness 

This report summarizes the methods and results of the study, organized by the seven 
specific aims of the project. 

Specific Aim 1: To characterize emissions 
The first step in the study was to conduct a detailed characterization of the sources of 
exposure in the casting production processes. The study focused upon the carbon 
monoxide (CO) and particulate matter (PM) exposures throughout the foundry. While 
some information was available from preliminary studies, we conducted detailed 
exposure assessments to fully evaluate personal exposures to CO and PM throughout 
the foundry. These findings are shown in Figures 1 and 2, and Table I, which document 
exposures approaching and in some cases exceeding legal and recommended exposure 
limits. NIOSH has established a REL-TWA of 35 ppm and a ceiling limit of 200 
ppm.(NIOSH, 1973, 1988). In 1988, NIOSH supported the OSHA PEL of 35 ppm with a 
ceiling of 200 ppm to ensure that exposed workers' COHb levels are maintained at or 
below 5% in order to protect those workers at greater risk because of cardiovascular or 
pulmonary impairment. In addition, these limits are intended to protect healthy workers 
who must work in environments involving exertion, heat stress, or other strenuous 
conditions (NIOSH, 1988). NIOSH has also established an IDLH value of 1500 ppm for 
CO. The ACGIH TLV of 25 ppm has been proposed to retain blood COHb levels below 
3.5%, to prevent adverse neurobehavioral changes, and to maintain cardiovascular 
exercise capacity. The present TLV-TWA is intended to keep blood COHb levels below 
the biological exposure index (BEl) of 3.5% to prevent adverse neurobehavioral 
changes, and maintain cardiovascular exercise capacity (ACGIH, 1995). The exposure 
limits that apply to PM in the foundry were generally not approached, therefore we 
focused on characterization of CO exposure as the critical factor for control in this 
workplace. 

It was apparent from the exposure assessment that the prinCipal source of CO exposure 
was the cooling molds, which are handled in several different ways after pouring. The 
largest molds (typically in flasks 52 inches on each side) are poured from a ladle which 
is moved around the foundry floor. These molds cool in place, and do not move until 
they are transported for shakeout. There are three other sizes of flasks used for the 
molding operation: all are square, 42, 38, or 32 inches on a side. In the case of these 
three smaller sizes, the molds are poured at the cupola (Figure 1), then move on a floor­
level roller conveyor around the foundry floor while they cool. These conveyors are 
shown in Figures 1 and 2. 
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In the case of the 32 inch molds, these are generally directed to the innermost conveyor 
line after pouring (Figure 1), and they are removed from the line and stacked for cooling 
in two rows, each row consisting of up to seven stacks of molds. The stacks are 3 molds 
high, so at the maximum observed, there can be 42 molds cooling in the area adjacent 
to the conveyor line. The worker who performs this activity is known as the "Swapper", 
and he spends the greatest part of his time in an aisle that is formed between the 
conveyor line and the stacks of molds that he has removed from the line. As is apparent 
from the data on personal exposures (Table I, Figures 1 and 2), this worker has by far 
the highest exposures to CO of anyone in the foundry, and it was reported that the 
swapper is rotated to other jobs (with lower CO exposures) approximately every two 
hours. Based upon this assessment, we targeted the swapper as the critical worker for 
control of exposure. 

Since the swapper is exposed to the emissions from molds throughout their cooling 
process, we constructed a sampling hood modeled after that of Toeniskoetter (1977) 
and Gressel (1988) in order to measure the quantity and temporal pattern of CO 
emissions throughout the cooling period. This was done because foundry studies using 
real-time measuring systems have shown that the contaminant generation rate from 
each mold is highly time dependent throughout the cooling process (Scott, 1976; 
Gressel, 1988). In general the guidelines applied for general foundry dilution ventilation 
assume uniform contaminant generation rates. For example, O'Brien and Jensen (1995) 
cite the recommendation of the AFS Foundry Ventilation Manual that exposure be 
controlled by general ventilation sized in proportion to the floor area where the pouring is 
conducted (20 to 50 cfm per square foot of floor area), with a lower value of 10 to 20 cfm 
per square foot in the cooling area. In addition, the production processes in a modem 
foundry are typically conducted by pouring a series of molds, with the molds moving 
through the production area on a conveyor system from pouring, through cooling to 
shakeout. The overall contaminant generation rate, therefore, is time dependent both on 
the changing rate of contaminant generation of each individual mold, and the 
contribution of each mold in the series. As our goal was to design the control system 
based upon the information obtained on the emissions of the exposure sources (specific 
aim 1), it was important to fully characterize those emissions. 

The sampling hood was constructed of galvanized steel measuring 48 inches on a side. 
It was open at the bottom, and connected to a straight run of duct at the top. It was 
designed so it could be positioned directly over the mold after pouring, to contain the 
emissions released from the mold during the cooling, while exhausting through a blower 
connected to the exhaust duct. The airflow through the duct was controlled with a blast 
gate, which allows the exhaust flow to be adjusted. For these measurements, the flow 
was set to 233cfm, a rate that was selected to keep the concentration of CO and PM in 
the exhaust stream within the sampling range of the measurement instruments. A gas 
sampling port, a port for isokinetic PM sampling, and a temperature probe were located 
in the exhaust stack. CO concentration in the stack was measured continuously 
throughout the casting process using a Drager Model PACIII CO monitor equipped with 
a pump module (for remote sampling) and a data acquisition system. A DustTrak 
Aerosol Monitor Model 8520 with a PM 2.5 um size selective impactor precollector was 
used for PM measurement, and a TSI Q-Trak monitor was used to measure temperature 
of the exhaust flow inside the duct. The experimental apparatus is depicted in Figures 3 
and 4. This continuous monitoring of CO and PM2.5 emissions throughout the pouring, 
and cooling process allowed calculation of the overall (total) generation rate, as well as 
the time-dependent generation rate for any interval during the total period. These 
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continuous measurements allowed us to observe the temporal pattern of emissions, and 
to calculate an emission factor for each size of casting. It was also intended to allow 
comparison of the contaminant generation data obtained in the test foundry with the data 
obtained in the earlier NIOSH research. 

The results of the measurements of CO, PM2.5 and exhaust temperature are presented 
in Figures 5-10. In total six castings were tested using the sampling hood. One casting 
(Figure 5) was sampled for PM2.5 only. This run was conducted for range finding 
purposes, and while continuous monitoring was conducted for PM2.5 , Spot 
measurements were made for CO to determine whether the exhaust rate we had 
selected (233 cfm) would result in a measurable concentration of CO and PM2.5 in the 
exhaust stream in the sampling duct from the mold. We found that both CO and PM2.5 

in the duct were within the range for sampling using the direct-reading instruments (0-
2000 ppm CO, 0 - 100 mg/m3 PM2.5), however we also found that the measurement of 
PM2.5 from the cooling mold was confounded by other sources of PM2.5 in the area, 
specifically the use of a sand slinger approximately 20 feet from the point at which we 
were conducting the test pours. As is seen in figure 5, there was a substantial spike in 
the PM2.5 concentration in the sampling duct at 1 :07 PM, approximately 80 minutes after 
the mold was poured. We observed that this corresponded to the time at which a mold 
maker began using the sand slinger in the area to make a set of specialty molds. We 
attempted to determine a background level of PM2.5 in the area by making a series of 
measurements throughout the day, but it became apparent that the use of the sand 
slinger was unpredictable. It was used when castings of a particular shape (cast iron 
pipe elbows) were being produced, and the level of PM2.5 generated at these times was 
high, and extremely variable (Figure 5). As the area in which we were testing was the 
only space in the foundry which was accessible to us (the ladle that transported the 
molten metal from the cupola to our test molds could only reach certain areas), we 
concluded that it would not be possible to determine a valid PM2.5 emission factor for the 
molds. 

We continued the experiment to calculate emission rates for CO, with the goal of 
determining an emission factor relating the mass of CO emitted to the mass of the 
casting (Gressel, 1988). Using the sampling hood depicted in Figures 3 and 4, we first 
measured the CO emissions from a casting in a 38 inch flask. The part being cast was a 
model LK120 round cover with S612 frame, with a total casting weight of approximately 
250 lb. Because of a malfunction in the data logging of the CO monitor, the CO 
concentrations in the sampling duct were lost, however, observation of the data display 
on the CO monitor while the casting cooled showed that the concentration rose to a level 
of approximately 3000 ppm, and declined to the background in the foundry air after 
apprOXimately one hour. The sampling hood and ductwork became noticeably warm, 
and the release of flame and smoke from the mold was apparent during the cooling 
process. 

The second part being cast (Casting A) was a round manhole cover, model L32 C13, 
with a casting weight of approximately 325 lb. The results of the sampling are depicted 
in Figure 6. The CO concentration in the sampling duct rose immediately after the mold 
was poured, reaching a maximum concentration of approximately 250 ppm. The CO 
concentration decreased over time, with a short spike back to approximately 200 ppm at 
about 900 sec after pouring, then continued to diminish until at approximately 1 hour 
after pouring it had settled around the background level of CO in the test area 
(approximately 25 ppm CO). Approximately one hour after the first mold test was 
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completed, a third mold was tested, using the same experimental conditions as for the 
first. The third mold (Casting B) was a casting in a 38 inch flask for a round manhole 
cover and frame (model LK120 cover with S612 frame), with a total casting weight of 
approximately 250 lb. As can be seen from Figure 7, a very different pattem of CO 
emission was observed, in comparison to Casting A. The CO concentration in the 
sampling duct peaked at almost 3000 ppm approximately 3 minutes after the casting 
was poured, and gradually declined to the background level in the foundry air 
(approximately 25 ppm) after about one hour. The emissions from this mold were 
noticeably hotter than for the casting A, and this mold also emitted visible flame and 
smoke from the seam between the cope and the drag (the top and bottom halves of the 
flask). These flames and emissions of smoke had not been observed while Casting A 
was cooling. 

This dramatic difference in emissions between two castings in the same size flask 
(Figure 8) was unexpected, especially since the casting of the lower weight (casting B) 
generated a vastly greater amount of CO that did the heavier casting A. The experiment 
was repeated approximately 3 months later, this time with 32 inch square flasks (the size 
handled by the swapper). The first casting tested (Casting C) was a round manhole 
cover model L24C23, weighing approximately 150 lb. The results of the CO sampling 
and temperature measurement in the exhaust duct are presented in Figure 9. The CO 
concentration in the sampling duct rose to approximately 2000 ppm immediately after 
the mold was poured, and the temperature of the air exhausted from the mold exceeded 
150F, the maximum reading of the temperature sensor. It remained above 150F for 
approximately 5 minutes, then the temperature and CO concentration in the duct 
decayed to background levels in the foundry air after approximately one hour. 
Approximately 30 minutes later, we sampled casting 0, another 32 inch flask that 
contained a L26 C2 round manhole cover, with a casting weight of approximately 200 lb. 
The results of CO and temperature measurements in the sampling duct are presented in 
Figure 10. In contrast to the preceding casting, CO concentration for Casting 0 did not 
exceed 185 ppm, and the exhaust temperature peaked at 107F and declined quickly. 
This casting did not emit the visible flame and smoke that had been observed from 
Casting C approximately one hour earlier. Foundry personnel verified that the castings 
in molds C and 0 were virtually identical in shape, and that casting 0 was approximately 
50 LB heavier than Casting C. 

We calculated emission factors for the four castings on which we had complete sampling 
data. These factors are presented in Table II. The modeling approach we planned to 
use was predicated on the assumption that for a series of castings, we would be able to 
experimentally determine an emission factor for each casting, then to calculate the mean 
CO concentration and cumulative CO on a mass basis emitted for each mold through 
the casting process. The goal was to develop estimates of the CO emission factors for 
the pouring and cooling of the castings by dividing the total mass of CO emitted by the 
mass of the part being produced. We had also considered an altemative of basing the 
emission factor on the surface area of the castings contained in each mold, if the mass 
of CO emitted were better associated with the area of metal in contact with the green 
sand than it is with the mass of metal in each mold. We had not anticipated that there 
would be such dramatic differences between identical castings, poured under virtually 
identical conditions within a time period of approximately one hour. Upon consultation 
with experts at the American Foundrymens's Society, however, we found that this 
variability is not surprising at all. There are many factors, including the temperature of 
the metal, the rate and uniformity of energy transfer between the metal and the sand, the 
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distribution of sea coal in the sand, the degree and length of time of lightoff of the 
decomposition gases, the venting of the mold, and the temperature of the sand prior to 
pouring that could explain the differences in CO emissions between identical castings 
(Mosher, 2000). This led us to inquire further about the nature of the mold making 
process at the LeBaron Foundry. There are four mold making operations at the foundry, 
and the 32 inch molds (which are those handled by the swapper) are all made on the #1 
floor mold making machine. 

We were, therefore unable to accomplish specific aim 3 and 4, the application of the 
material balance approach to estimate exposures in the work area. We discussed the 
situation with the NIOSH Project Officer (Dennis O'Brien) who agreed that while it was 
disappointing to learn that the material balance approach would not be applied in this 
research, the project should continue as the detailed work taSk-exposure analysis 
promised to yield useful information about the nature of exposure in the foundry, and to 
help target an exposure control strategy. 

Specific Aim 2 - To conduct a detailed work activity exposure analysis 

There are approximately 20 workers engaged in the casting process. This includes 
workers who add metal, and other ingredients to the cupola furnace (two chargers, one 
fork truck operator); those who tend its operation (one operator, three helpers); those 
who work with the molds through the pouring and cooling steps (one pourer, one 
clapper, one swapper, two panel operators); three shakeout operators; and three others 
(two supervisors, one cold set operator). Previous measurements made in the foundry 
indicated that approximately half the casting workers have both elevated short-term CO 
exposures as well as high time-weighted average exposures as a result of their direct 
contact with the mold emissions, while the others are exposed to CO primarily as an 
elevated background concentration in the general casting area. 

Based upon our survey of CO concentrations in the foundry (Figures 1 and 2), we 
conducted personal exposure assessments for CO using Drager Diffusion Tubes on the 
workers who were in direct contact with the freshly-poured molds, and were therefore at 
greatest risk of exposure to CO and other mold emissions. These workers held the jobs 
of pourer, clamper, panel operator and swapper. The pourer worked in an air supplied 
booth, from which he operated the ladle. He directed the flow of molten metal from the 
cupola into the molds which moved into the pouring position via the roller conveyor. The· 
c\amper worked at a point on the roller conveyor line just before the pourer directed the 
metal into the molds. The c\amper was generally working with molds just before they 
went to the pouring station, therefore he was a lower risk of exposure to CO and other 
mold emissions (Table I). The swapper lifted the freshly-poured 32 inch molds from the 
conveyor line and stacked them approXimately 10ft from the conveyor, forming an aisle 
between the conveyor and the stack, in which he worked. The panel operator worked at 
a station approximately 110ft down the line from the swapper, and he operated a set of 
switches and gates that directed the poured molds around the foundry on the roller 
conveyor. The results of the personal air sampling for CO on these workers confirmed 
the observations of the surveys with the direct reading CO instruments. The swappers 
are by far the most highly exposed workers, followed by the panel operator, the clamper 
and the pourer. 
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We conducted detailed work - exposure analysis of exposure to CO in the foundry using 
the direct-reading Drager measurement instrument, with simultaneous videotaping of the 
work operations. This video exposure monitoring (VEM) system includes four 
components: the direct reading CO monitor with data logger, a video camera to record 
work activities; and a personal computer including a spreadsheet and a program for 
generating a graphical representation of the exposure profile over time, and a video 
mixer which allows the graphical overlay of the exposure image on the video of the work 
process. As the swappers were the most highly exposed workers, we selected them for 
the detailed exposure analysis. The exposure survey was conducted over a full work 
day in February, when natural ventilation in the foundry was at a minimum. 

The use of the VEM system allowed us to characterize the exposure-time profile over 
the range of tasks the swapper performed during the time of exposure. Using the 
measurements of personal CO exposures and simultaneous videotaping of job activities 
and tasks, we conducted a detailed work analysis for each of the three workers who 
conducted the swappers job. This method reveals the exposure associated with each 
step in the work process, and the relative contribution of each step to the total exposure. 
This approach to work analysis for the purpose of optimizing a control strategy has been 
described by Andersson and Rosen (1995). By analyzing the videotape of the work 
process, we identified 14 major work steps performed during the swapper's work cycle. 
Using this information on the duration of each major work step (ti) , and the proportion of 
the total exposure accumulated during each work step, we calculated the relative 
importanc~ of each work step to total exposure by the following expressions: 

the proportion Pi of total exposure contributed by each work step; of duration ti is 
described by 

n. N 

Pi = LeijlLek 
j=l k=l 

where eij = momentary exposure measure j associated with work step; 

ek = all momentary measures of exposure 

ni = number of momentary measurements associated with work step i 

N = total number of momentary measurements 

The exposure liassociated with a work step is then 

n; 

li Leijlni 
j=l 

and the relative exposure erel,i for the work step i is 

where 
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k=l 

This approach to work practice and exposure analysis identifies the contribution of each 
work task to the overall exposure. 

The results of the detailed task-exposure analysis for the swappers are presented in 
Table III. The overall work activity that comprises the swappers' job was broken down 
into the 14 subtasks, based upon observation of the video for all 3 workers who 
performed this job. The average CO exposure for the 5.9 hours that the swappers 
conducted their activities was 198 ppm. The analysis of the distribution of time reveals 
that three tasks that involve handling freshly-poured molds: Task A (hook mold and raise 
mold from conveyor line); Task B (move mold from line to cooling stacks); and Task C 
(lower mold to cooling stack and unhook mold). These three tasks together accounted 
for a total of 30.4% of the total time the swappers spent working, while the swappers 
accumulated 42.6% of their total CO exposures while performing these three steps. 
Examination of Table IV and Figure 14 shows that the three workers performed their 
jobs in approximately the same manner, that is the overall distribution of time over the 14 
subtasks was approximately the same. The three swappers were exposed to 
approximately the same average concentrations of CO (175.9 ppm Swapper1; 239.6 
ppm Swapper 2, 203.8 ppm swapper 3) for their entire work period. Detailed 
examination of the distribution of exposure and time across tasks for the 3 workers 
reveals that while all three workers accrued approximately 40% of their total exposure 
while performing Tasks A, B, and C which involve handling the freshly-poured molds, 
worker 2 had substantially higher levels of exposure while performing these three steps, 
and a higher exposure overall than did the other two swappers. Interviews with the 
workers and examination of the videotape offer a possible explanation. Worker 2 was 
very inexperienced at the swapping job, and had only performed it a couple of times 
before the day we conducted the monitoring. He was clearly less familiar with the work 
activities than the other workers, and he appears to have worked closer to the molds 
while manipulating them with the hoist. His proximity to the sources of CO may at least 
in part explain his higher exposures during the mold-handling steps. 

The conclusions based upon the information collected in the characterization of mold 
emissions (Specific Aim 1) and the detailed work activity exposure analysis (Specific 
Aims 2 and 5) are as follows: 

A. The swappers are the most highly exposed workers in the foundry, and the source of 
the exposure is the cooling molds. 

B. There is great variability in the amount of CO emitted by each mold, and the amount 
is not explained by the size of the casting. There are apparently a number of factors 
that determine the quantity of mold emissions during cooling. 

C. Despite this substantial variability between molds, they all appear to cool quickly 
after pouring so that within approximately 1 hour of cooling they have reached room 
temperature and substantially finished off-gassing CO. 
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This information was used as the basis for designing the exposure control approach for 
the foundry. To design a control technology system to control casting line emissions 
based upon the information obtained on the emission characteristics of the exposure 
sources (step 1) and the work steps that are the most important causes of personal 
exposures (step 5), we postulated that if the emissions from the molds were exhausted 
for approximately the first hour after each was poured, that would dramatically impact 
the exposures to the swappers, as well as the overall level of CO in the general foundry 
atmosphere. 

Specific Aim 6: To design a control technology system to control casting line emissions 

The first design option considered was to improve upon the eXisting exhaust system in 
the vicinity of the swappers' work area. In the existing configuration (Appendix, Figure 
1), the 52 inch by 10 inch rectangular exhaust ducts now in place are depicted. At this 
time, the ducts extend to the roof level, but they are not connected to any mechanical 
exhaust. The foundry management believes that the warmer air from the cooling area 
rises through these ducts, providing exhaust ventilation to the area. The options for 
improvement as shown in Figures 2 and 3 of the Appendix were to reconfigure the 
existing ducts by capping them at the bottom, creating new horizontal slots, and adding 
a 5000 cfm fan on the roof. Figures 4, 5, and 6 (Appendix) show two options on the 
same basic design. Option 2 was to partially enclose the area where the swapper works 
to improve the ventilation of this area. The other (option 3) was to add a separate 
exhaust hood over the conveyor line, along with the addition of the mechanical 
ventilation to the existing 52X10 inch ducts. 

These options were presented to the foundry management, however, they expressed 
concern that any of the recommendations were feasible. The primary concem was that 
the addition of the new roof to partially enclose the area in option 2, and the addition of 
the overhead duct to ventilate the COOling line in option 3 would interfere with the use of 
the overhead hoist that the swappers use to lift the molds from the line and move them 
to the stacks, and back to the line after cooling. The view from the ventilation 
consultants (DiBerardinis ASSOCiates) was that without these features, the quantity of air 
that would have to be exhausted from the cooling area would be exorbitant. 

At this point, another design option was presented by the NIOSH Project Officer, Dennis 
O'Brien. During his visit to the foundry, he suggested that exposures could be 
dramatically reduced by isolating the molds from the foundry environment, and the 
workers, during the time the molds are cooling. Dr. O'Brien described a system he had 
seen successfully employed, known as a smoke house. This is simply an enclosure 
isolated from the general foundry structure, through which the molds move on a roller 
conveyor as they cool. The concept of the smoke house is shown in Figures 7 - 10a, 
Appendix. The advantages of the system are its simplicity, and the likelihood that 
exposures not only for the swappers, but for workers throughout the foundry would be 
dramatically reduced by such a system. Based upon the number of 32 inch molds that 
are poured on a typical production day (approximately 120), and the need to keep them 
in the smoke house for at least 1 hour before they returned to the foundry for shakeout, 
the structure was deSigned as shown in Figure 9, Appendix. The plan was presented to 
the foundry management, but it was not deemed feasible. The foundry has very limited 
space to expand, and the only area suitable for the smoke house partly overlaps the 
spot where the foundry had plans for a new cupola. Since the time we made these 
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recommendations (Spring 1999), the foundry has in fact installed the new cupola, and 
the space needed for a smoke house is not available. 

The next design option was derived from the concept of the smoke house. The plan for 
this design is presented in Figure 10b of the Appendix. 

The proposal was to isolate the cooling molds from the foundry environment by adding 
two sections of roller conveyor on the foundry floor. These new lines would be partially 
enclosed to form a cooling tunnel, which would be ventilated to the roof. The concept 
was to add two new conveyor lines (A and B in Figure 10b, Appendix) which would be 
used exclusively for the 32 inch molds - these are the most common size, and are those 
which are currently handled by the swapper. This plan would add two new conveyor 
runs, each of approximately 90 feet. They would be partially enclosed by a canopy and 
baffled on one side - the result is that there is new capacity for storing the 32inch molds 
as they cool, and the job of the swapper is eliminated. 

This proposal was presented to the foundry management, however it too was deemed 
infeasible as it was in effect a replacement of open floor space with permanent roller 
conveyor lines A and B. The space that Line A would occupy is now used for stacking 
the cooling 32 inch molds, and the space intended for Line B is considered flexible 
space used for a number of purposes, such as pouring large molds from the transfer 
ladle. The foundry management considers it essential that this floor space be available 
for quick reconfiguration, depending upon production needs. While there is currently 
great demand for castings produced in the 32 inch molds that the swapper handles, this 
could change, and the foundry wants to retain the flexibility to handle other sized 
castings in these areas. 

The final set of options, therefore, have been presented in Figures 11 and 12 of the 
Appendix. The option in Figure 11 is an exhaust system similar in concept to that 
presented in Option 1, however it has been scaled down in size and will exhaust only 
the single existing 52x10 inch exhaust duct located at the end of the cooling area closest 
to the cupola. This is the spot at which the swapper spends the greatest amount of his 
time, and the goal is to install this limited system in hope that the reduction in exposure it 
causes will persuade the foundry management to install similar exhaust along the entire 
mold cooling area. 

The second of the final options is to supply tempered outside air overhead the swapper. 
This is depicted in Figures 12 and 13, Appendix. This option is the least desirable of 
those considered, as it does not remove CO from the foundry environment. It does, 
however offer the promise of reducing the swapper's exposure by providing a shower of 
outside air from overhead. This is the same type of system that is currently in use for 
the pourer, who works in an air-supplied booth. The effectiveness of the approach is 
apparent from the data in Table I and Figure2, as it is clear that the pourer has 
substantially lower exposures to CO than does the swapper, even though they both are 
in contact with freshly-poured molds. 

The foundry management has not yet determined whether they consider either of these 
final two options feasible. 
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Figure 3 - Sampling apparatus for mold emissions 
Figure 4 - CO and PM instruments and sampling apparatus 
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Figure 6 - CO emissions from Casting A 
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Figure 9 - Casting C. CO emissions and temperature during cooling 
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Figure 10 - Casting D, CO emissions and temperature during cooling 
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Figure 11 - CO Levels for Mold #1 and Mold #2 Versus Time 
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Table II - CO emission factors 

Casting Sampling time (sec) 

Casting A:L32 C13 5960 
round cover, approx 
3251b 
Casting B:LK120 4568 
cover with S612 
frame, approx 250 
Ib 

Casting C: L24C23, 5448 
round cover, approx 
150lb 
Casting 0: L26 C2 5176 
round cover, approx 
200 lb. 

Total CO emission Average CO 
(g) emission rate (g 

CO/min) 
53.5 0.54 

350.0 4.60 

258.0 2.84 

41.7 0.48 
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Ventilation Upgrade 
LeBaron Foundry 
Brockton, MA 

By 
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24 Twitchell Street 
Wellesley, MA 02482 
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Phase I 

Introduction 

The foundry area is presently exhausted by a passive exhaust system. Several !O in x 52 in ducts provide 
a pathway from the mold storage area to the roof. The pathway is shown in Figures I and 2. 

Several exhaust options were explored. These options are shown diagrammatically in Figures3-1O. Table 
I shows the overall exhaust quantity required for various exhaust options. The required exhaust volumes 
varied from 143,150 CFM to 81,300 CFM. 

Two pilot studies are proposed to evaluate effectiveness and feasibility of control. 

Phase II 

Background 

After 5 recommendations for exhausting the mold line were explored and not deemed feasible by the 
client. LeBaron Foundry, further brainstorming was conducted to determine any other solution which 
would not hamper the foundry activity while at the same time would improve the emission exposure of the 
workers handling molds. 

The tirst pilot study would be just to exhaust one selected bay to demonstrate the efticacy of the exhaust 
approach. This option is indicated in Fig. 11. No make up air would be provided. The cost of the system 
is described in Table 2. 

The second solution proposed is illustrated in Figure 12; the concept is to supply ventilation (and cooling) 
air over the worker with the mold. The supply air outlet was to move along with the crane carrying the 
mold. The air was provided through a "zippered" connection. Though extremely ingenious the option had 
to be set aside as it was a very expensive and had operating difticulties. 

Another option was the possibility to provide supply air to the worker. Several contigurations were 
reviewed. In place of a "zippered" supply air connection it was felt that multiple air supply outlets located 
over the length of the mold line might approximate the continuos air supply concept of the "zippered" 
connection. Obviously this supply air needed to be conditioned. Instead of heating the supply air using 
additional energy it is recommended that the supply air be heated by recovering some heat from the 
foundry area. The foundry area is always warm and recovering heat energy to preheat the make up air is 
very cost efticient. 
Various heat recovery options were considered. These included I) runaround loop. 2)-plate heat 
exchanger. 3) heat pipe and heat recovery wheels. All of the options were rejected due to high tirst cost. 

DBA charge was to propose a modular solution, which could be attempted at LeBaron foundry with 
minimum of disruption and cost. The following option was selected. 

Description of System 

Regent ECO Heat Recover System is a proprietary product of BKM Energy and Environmental Products 
of East Hartford. CT. The concept is both simple and effective. The system (Figure 13) consists of two 
banks of aluminum plate cassettes whose surface area has been maximized to absorb energy from the 
exhaust stream. Exhaust air from a process heats one cassette while the outside air is drawn through 
newly energized cassette bank where the captured energy is released. A two position motorized damper. as 



it changes position, switches exhaust air and the supply air stream from cassette to cassette. A schematic 
layout of the arrangement is shown in Fig. 13. 

The system also has capability of some latent heat recovery. In colder months, heated exhaust air passes 
over previously cooled plates, condensation occurs due to temperature differences. When the reverse flow 
occurs, this moisture is captured and returned to the space. 

The system is available in a 625 CFM cassette module. 

Application of System 

On a pilot basis it is proposed that LeBaron Foundry install one 625 CFM module in its plant. The layout 
is shown in Fig. 13. No attempt is being made to exhaust the mold area. Rather the exhaust air stream is 
taken high from the ceiling where it is anticipated that due to stratification air would be at a high 
temperature. The supply air would be brought down to the worker level. The cost of such a system is 
shown in Table 3. 



Table 2 
Cost of Pilot System 

(1) 5000 CFM Exhaust Fan 

Roofwork 

Ductwork 

Electrical 

Air Balancing 

Sub Total 

Contingency (10%) 

Total 

Table 3 
Cost of ECO Heat Recovery System 

(1) 625 CFM Cassette Module 

Roofwork 

Ductwork 

Electrical 

Air Balancing 

Sub Total 

Contingency (10%) 

Total 

$ 1,500 

$ 500 

$ 5,500 

$ 500 

$ 500 

$ 8,500 

$ 850 

$ 9,350 

$ 3000 

$ 500 

$1500 

$ 500 

$ 500 

$ 5,000 

$ 500 

$ 5,500 
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24" DIA 

NEW FAN 

5000 CFM 

ADD NEW 
3"x50" SLOTS 

SWAPPERS WORK AREA 

CONVEYOR L1N~ 

I "--1 -----, 

SWAPPERS WORK AREA 

~NEW DUCT 
/ 24" DIA 

D D 

52"x 10" EXHAUST 

INSTALL 

NEW r~A,-,---P--, 

MOLD COOLING ARE 

FIG.-11 
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Energy la 
now being 
eblorbed 
In this bank 
Cassatta 
Heat Sink 
Bank 

Cycle I 

Oulald. AI, 

Z CONFIGURATION OPTION SHOWN 
Standard 5ettlng for damper changes Is 70 seconds 

6s·F (Return Air) 
90% Efficiency 

Energy Is 
now being 
removed from 
Ihll benk 

Caasetto 
H.al Sink 
Bank 

Ca .. etto 
Ha.t Sink 
Blink 

Oul.l.,. Air 

F, .. h oulrld •• 1, 10 IVAC unll 
--- .... ---........ ~ 
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t Oul.,d. AIr 

Damper 
Changes 
Poaillon 

CII5f 

Heal 
Ban~ 

~REVERSE FLOW"· 

66·F (Roturn Air) 
9D'" Efficiency 

f .... h .Ir 10 HVAC unll 


