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November 7, 1994 

McConnell of EPA Region I. I have formatted the information below in accordance. with the 
instructions in Appendix A of that document. 

1. Submitter's Name, Mailing Address and Phone: 

Chief, Emission Factor and Methodologies Section a ._ 
MD-14 
USEPA 
Research Triangle Park, NC 27711 

Dear Sir/Madam: 

Ravindra M. Nadkami 
340, Franklin Street 
Wrentham MA 03093 

Work (AM) (508) 699-8800 x 200 
Home (PM) (508) 384-7889 

2. Contact Name, Address and Phone: 

Same as above 

3. AP-42 Section, Guidance Document or Database affected 
. -_ 

This information will supplement material already in Chapter 11 of the latest version of 
AP-42. 

4. Description of emission source affected: 

These calculations quantify fugitive emissions from asphaltancrete hot mix plants. 
These emissions, which are indicated qualitatively in Figures 11.1 - 1 through 11.1 - 3 
in EPA's latest version of AP42, Chapter 11. are quantified in this calculation. The 
estimate of fugitive VOCs covers two steps: a) fugitive VOCs that are emitted during the 
loading of the truck and b) fugitive VOCs that are emitted as the truck drives around the 
plant before it is covered. While the base calculations are for a batch plant, where the 
truck waits at the loadout station for several batches before it is full, the calculation has 
also been modified to fit other plants where the loadout is faster because of the use of 

8- 
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insulated hot silos to store the hot mix. 
. 4.. . 

SIC Code is SIC 2951, Asphalt paving and roofing materials-and blocks. 
’ 

5. Estimated number of facilities affected: 

Based or ,  AP-42, approximately 3,600 facilities will be affected. Of these, about 2,300 
are batch plants (the source of the highest fugitive emissions), 1,OOO are parallel flow 
plants (most with hot storage silos) and about 300 are counter-flow drum mix plants (also 
with hot storage silos). 

6. Estimated total emissions affected: 
I 

For a batch plant, the calculated emission factor is 3854 Ib VOC/ton of product. If the 
average annual output of a batch plant is 670,000 tons, the annual emissions are 593 
tons. 

For a plant with a hot storage silo, where loadout is more rapid, the calculated emission 
factor is .3795 Ib VOClton of product. If the average annual output of the plant is 
900,000. tons a year, the annual emissions would be 342 tons. 

7. Description of proposed addition: 

This is an estimation technique for a source that has been flagged as a source of fugitives 
by the EPA in Ap-42, but has not been quantified as yet. As the enclosed photographs 
(Exhibit B) show, the loadout of the hot mix into a waiting truck emits copious quantities 
of VOCs. My visual observation was that these emissions appeared to exceed the stack 
emissions, which were controlled with a fabric filter. The Massachusetts Department of 
Environmental Protection appeared to focus strictly on stack emissions for air permitting 
and was ignoring the fugitive emissions even after the enclosed photographs - -  were 
submitted to them. 

.. 

8. New or marked-up text of proposed revision to AP-42: 

Enclosed as Exhibit D. 

9. Brief description of the type and solure of data or analysis request: 

The uncontrolled fugitive emissions of VOC have been estimated using mass transfer 
equations for the flow of air past a plate (upper surface of a loaded truck). The key 
numbers which affect the results are a) the vapor pressure. of material sold as asphalt to 
a hot mix plant, b) the loadout temperature, c) the period of time that the hot mix is 
sitting uncovered in the truck. 

rc 
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This is not a revision to an existing factor but the quantification of emissions that are 
known to the EPA but have not been, to the best of my knowledge, estimated thus far. 

.J. . . .  . - -  .- 
10. Estimate of the range of uncertainty of the estimation technique: 

The range of uncertainty is about It: 30%. 

11. Effect of the proposed change on your facility: 

I am not an operator of a hot mix asphalt plant but am a technically trained person who 
has been studying emissions from such plants for about 6 months. The proposed change 
in emissions factors will require the industry to control this major VOC source. 
Equipment for such control is available, and is not prohibitively expensive. At the state 
level, because these fugitives are not quantified, they are ignored. In Massachusetts, the 
DEP has accepted a) a zero value for fugitive VOCs in one application and b) a figure 
of 1 todyear for fugitives (estimated as 10% of VOCs in the stack) inmanother 
application. The BACT analyses associated with both these applications were 
inconsistent. EPA's adoption of these factors will force states to pay attention to these 
large emissions and require control whenever appropriate. 

My qualifications for performing calculations presented here are in Exhibit C. Also 
included are comments of two reviewers, who provided a peer review of these 
calculations. 

12. Any significant issues associated with the request: 

none 

13. MI data and analyses necessary to support the request: 

These are presented in the attached Exhibit A. 
- -  .. 

14. Test data: 

No test data are available. Some field sampling would be very helpful in narrowing the 
range of uncertainty. Field sampling of fugitive is always tricky, because of the problem 
of sampling in an open air space. In this case. given the variable nature of asphalt, with 
different amounts of light ends blended in at a terminal, one would have to be even more 
careful to make sure that the measurements are representative of actual asphalt that is 
shipped by a terminal operator and not the asphalt that is a true vacuum bottoms that 
might be produced by a large integrated refmery. 

Ravindra M. Nadkami, 340 ~ I & U  Street, Wrentham MA 02093 
(508) 384-7889 
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Please call me if you have any questions. 

Sincerely, 

Ravindra M. Nadkami, P.E. 

cc: Bob McConnell, EPA Region I 

a. . . .  .- 

4 
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A- 1 

Fugitive VOC emissions from hot asphalt 

1. Calculatim of fugitive emissions of VOC 

Visual observation of a truck being loaded at any asphalt plant indicates that there is a large 
cloud of polynuclear aromatic hydrocarbons (PAHs) released as the hot asphalt is dropped into 
a truck. (See enclosed photos in Exhibit B taken in mid-August 1994 at a Massachusetts batch 
plant). At a batch plant, a truck requires more than one dump until it is full. Typically, each 
batch takes a minute and the truck waits under the hopper until it is full. At a plant with hot 
storage silos, the fiUig of a truck is more. rapid but the other factors are the same. The hot 
asphalt in the truck continues to emit visible VOCs, which are mainly polynuclear aromatic 
hydrocarbons (PAHs), as the truck moves towards the weighing station. The truck is covered 
with a tarpaulin after it has been weighed and after the driver has completed the paperwork. 
The tarpaulin cover reduces the PAH emissions, but does not eliminate them. Visual 
observations indicate that the cloud of vapors released during hot asphalt loading is larger than 
the cloud released from the truck. This is b y u s e  there is a more intimate mixing of the air and 
the loose hot asphalt as it drops through the air into the truck. However, this calculation only 
attempts to directly quantify the latter by assuming that the top surface of the hot asphalt on a 
truck is a simple rectangular plate of hot asphalt, and by using standard mass transfer equations 
applicable for this case. The emissions during loadout have been estimated by using a 
"correction factor" which is greater than 1 to adjust for the higher emissions rate as the asphalt 
is falling into the truck. 

Trucks used in this service would have an active length of 35 ft or 1,067 cm. and width of 8.5 
ft. Assume that the relative velocity between the wind and the truck (caused by truck motion 
and/or movement of the wind) is 5 mph or 224 cdsec .  

We use equations for mass transfer from a flat plate (the top of the loaded truck) as a fluid (air) 
flows over it in a direction parallel to the plate, with a negligible pressure gradient. These 
conditions would be satisfied when a truck moves forward after it is loaded. The book Mass 
Transfer' suggests the use of the following equation for calculating the average mass transfer 
coefficient: 

- -  

where: 

Sherwood, Pigford, Wilke, Mass Transfer, McGraw Hill, 1975. 

Ravindra M. Nadkallu', 340 hoW% Street, Wrentham MA 02093 
(508) 384-7889 
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= average mass transfer coefficient = N/(c, - c,,) 
= total length of the plate in cm. = 1067 cm. 
= diffusion coefficient in cm*/sec = .093tair - hexane) 
= Schmidt number: p/pD = 1.81 
= Reynolds number based on length of plate: U&plp = 1.4 lo6 
= viscosity of air in poise =1.9104 poise 
= velocity of air flowing past the plate in c d s e c  = 224 c d s e c  
= density of air in glcc = 0.00113 glcc 
= flux density - g-moleslseccm* 
= concentration of "VOC" species in g moleslcc = P/RT 
= gas constant = 82.07 
= air temperature in degrees K 
= partial pressure of volatiles in atm = 30/760 = 0.04 
= concentration at leading edge = 0 

- 

Substituting the appropriate values in equation 1 gives the average mass transfer coefficient to 
be 0.27. Since the mass transfer coefficient equals N/(c, - co), the flux is c, times the average 
mass transfer coefficient. This concentration is 1.6 lo4, resulting in a flux of 4.3 IO7 g 
moles/seccm2. Since the truck is 8.5 ft wide, the total area is 2.76 lo5 sq cm. If the molecular 
weight of the volatiles is assumed to be based on anthracene, C,4H,o, the grams of volatiles 
emitted per second are 21.1 grams per sec. 

At the peak capacity of 400 tons per hour of asphalt, there will be over 18 trucks loaded during 
each hour. If each loaded truck is uncovered for 3 minutes, the emissions per hour are 252.8 
lb. This number is more representative of plants with hot storage silos. 

For batch plants, the loading of a truck takes longer since the truck has to wait for about a 
minute for the mixing of each batch The emissions are correspondingly higher. 

2. Discussion 

Photographs (see Exhibit B) and visual observation at any asphalt plant show that there will be 
dense clouds of VOCs during truck load-out and from truck movements within the plant 
boundaries. This happens while the stack (which emits dryer exhaust after dust removal in a 
baghouse) is clear. This photographic evidence clearly indicates that fugitive emissions exceed 
stack emissions. 

A. Estimation of vaDor Dressure: The key number in equation 1 is the vapor pressure of asphalt 
at the operating temperature of around 300 degrees F. Since actual emission measurements are 
not available, these emissions have to be estimated from other information. 

I have used four approaches for estimating vapor pressures or emissions. These four approaches 
give reasonably consistent results. 

- .  

Ravindra M. Nadkarni, 340 Franan Street, Wrentham MA 02093 
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1. Model comuounds: The first approach was to use model compounds as proxies for the 
species present in the vapor to estimate the vapor pressurs. Since asphalt is a mixture of various 
hydrocarbon compounds, such model compounds should either have &e iame range of initial 
melting points and boiling points as asphalt andlor be known to be present in asphalt. Typical 
model compounds might include the light aromatic compounds such as benzene, toluene, and 
xylene as well as complex polynuclear aromatics such as anthracene. methyl benzene, 
phenanthrene, naphthalene, triethyl benzene and methyl anthracme. These compounds have 
boiling points in the correct range and are either expected to be present or have been found in 
on a list of asphalt plant emissions such as the list from Environmental Research Foundation, 
in EPA's AP-42 or in research papers on volatiles in asphalt. Since asphalt is kept hot, it is also 
possible that some cracking takes place increasing the concentration (and subsequent release) of 
the light ends. 

Based on the Clausius-Clayperon equation, we would expect a straight line relationship between 
log(vapor pressure) and 1lT where T is the absolute temperature. This is plotted in the attached 
Figure 1 for several compounds, based on data on pages 6-69 to 6-87 of the Handbook of 
Chemistry and Physics, 74th Edition, CRC Press, 1993. 

The figure indicates that at I90 degrees C, the vapor pressure of asphalt will be in the range of 
20 to 40 mm of mercury. If the loadout temperature is lower, for example around 150 to 160 
degrees C, the vapor pressure would be lower. We have used the value of 30 mm. mercury for 
the vapor pressure. (This value is supported by method 2). 

According to Raoult's Law, vapor pressure should be proportional to the mole fraction of the 
substance. Since the molecular weight of the light material is at least one order of magnitude 
lower than that of the heavy fraction, the mole fraction of the light end should be high, close 
to 1. Thus, the Raoult's law effect can be ignored. 

2: Extramlation of Room Temperature Information in Material Safetv Data Sheets: The second 
approach was to use the limited data in Material Safety Data Sheets to corroborate the estimates 
based on model compounds. There is information in Material Safety Data Shkkts from two 
refiners which gives a vapor pressure l i t  at mom temperature. Figures 2a and 2b say that the 
vapor pressure is " < .OOO1 mm. Hg @ 20 deg C"or at 15 deg C.. 

An engineer at one of the large integrated oil refmeries was kind enough to send me a graph 
from the American Petroleum Institute's "Technical Data Book" - Petroleum Ref-, Vol 1, 
Fifth Edition, May 1992. I have used the room temperature vapor pressure in the MSDS 
(Figure 2) and the graph from API (Figure 3) to estimate the vapor pressure at 300 degrees F. 
Using the vapor pressure at room temperature as a data point, I have drawn three lies A, B, 
C on the graph of Figure 3 to find the vapor pressure at 3000 F. These three lines were dram 
parallel to the lines for different possible boiling p in ts  of the liquid and correspond to boiling 
points of 700 F, 800 F and 900 F. The MSDS information indicates that initial boiling point 
for asphalt is 900 F (Figure 2a) or above 800 F (Figure 2b). W e  the intersection of lines A, 

. 

rc 
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B and C with the 300 degree F line is from an extrapolated section of the graph, such 
extrapolation is justified since the graph contains StraighLliies on the semi-log scale. Since the 
vertical scale of the graph is in atmospheres, the results have io be &nve;ted into mm. Hg. 

The results show that the vapor pressure at 300 F will be in the range from 14 mm Hg. (for 
the 700 F line) to 180 mm. Hg (for the 900 F line). The mid-point result for a boiling point 
of 800 deg F is 50 mm. Hg. These results are about the same, or somewhat higher, than those 
produced by the earlier calculation, which gave a mid-point value of 30 nun. Hg for a slightly 
higher temperature. 

The fact that these two methods (model compound method and the extrapolation of room 
temperature data to 300 F) end up with vapor pressures in the same range supports the earlier 
comment that Raoult's law effects can be ignored. 

' 

3. The use of lower explosive limit data: The Handbook of Chemistry and Physics, 74th 
Edition, CRC Press, 1993, presents data on the lower explosive limit for a wide Variety of 
hydrocarbons on page 15-43. It indicates that this lower explosive l i t  is at 1 % by volume for 
typical hydrocarbons. This table also gives the flash points for the same hydrocarbons. Since 
the flash point is the lowest temperamre at which the vapors will sustain a flame or explode, it 
is reasonable to assume that when the hvdrocarbon reaches the temperature of the flash point, 
its vapor pressure eauals the lower explosive limit. This hypothesis can be tested for several 
pure compounds such as benzene where data on the variation in vapor pressure with temperature 
and the flash point temperature is available. (pages 6-69 to 6-87.). These tests show that the 
hypothesis is reasonable. (The fit might have been better if the lower explosive limit had been 
measured and published more precisely to the second significant figure). This method would 
indicate a vapor pressure of asphalt to be 7.6 nun. mercury at 450 degrees F, the ffash point 
according to Figure 2a. 

The result above is at the lower limit of the range indicated by more direct methods. However, 
this finding is also explained by the discussion in the MSDS attached as Figure 4. under "HOT 
ASPHALT FLASH WARNING" it states that "Such vapors may exhibit flankability 
characteristics of a significantly lower flash product than would be indicated by the open cup 
flash test." This means that the Cleveland Open Cup (COC) test overstates the flash point 
temperature. If the flash point is adjusted downwards by 50 to 75 degrees F, that data is also 
reconciled with the vapor pressure results calculated by more direct methods. Such an adjustment 
would be consistent with the warning in the MSDS of Figure 4. 

I was also able to get an explanation for this phenomenon from an oil company engineer who 
spoke only on the promise of anonymity. He stated that while the MSDS data might be based 
on an "ideal" product from the refmery, actual asphalt that is shipped will be blended with 
kerosene or naphtha to control viscosity and other physical characteristics at the terminal. This 
means that the vapor pressure of these blends is higher. This explains both the high vapor 
emissions observed at the asphalt plants as well as the warning in the MSDS. 

. 

.-- 
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Finally, it has to be remembered that asphalt is a product of vacuum distillation. The refining 
'industry uses vacuum distillation in order to lower the boiling point of the liquid so that the 
various fractions can be separated with minimum thefirdcracking. ae i i -ho t  asphalt is stored 
for a long time under atmospheric pressure or when it is sprayed on hot aggregate, chances are 
high that this thermal cracking takes place, releasing the volatile light ends as a byproduct. 
Thus, thermal cracking will also increase vapor pressure. 

4. Direct estimation of emissions based on volume of vauor: It is possible to estimate the 
emissions directly based on the volume of vapor. The abstract of a paper by E.S. Hansen' 
indicates that when worker exposure to asphalt fumes was measured with personal samplers, the 
values ranged from 0.5 to 260 mg/m3. We can use the figure of 260. mg/m3 for fume 
concentration and use photographs of asphalt plant emissions to estimate the volume of the VOC 
cloud. The photos show that the volume of the cloud is about 510 m3 so that the emissions for 
each loadout are 133 grams or 0.3 Ib. This number has to be increased to account for the 
emissions during truck travel and during the period while the truck is waiting for additional 
loads. We will use'a factor of 2.5 for this purpose. Therefore, the total emissions are .75 Ib 
per 5 ton load. With an annual output of 670,000 tons, this results in emissions of slightly over 
50 tons per year. This number is at the lower limit of the range estimated by equation 1. It is 
possible that when the fumes were very dense, the workers stepped away from the cloud so that 
the personal sampler measurements have a low bias. 

To conclude, the various techniques used to estimate vapor pressure fully support the use of 
value of 30 mm. Hg that was used in equation 1 to estimate fugitive emissions. 

Sensitivitv Analvsis 

The total tons of VOCs emitted per year from the asphalt plant are proportional to several 
factors used in the mass transfer calculations. Specifically, the emissions are proportional to 
vapor pressure (itself a function of temperature), and the time that is spent from the load-out of 

' 

-_ - ~ , .  
the asphalt until the truck is weighed and covered. ..... 

Cvcle time: The base calculation assumed that the truck was uncovered for 3 minutes. 
The sensitivity analysis covers the range from 5 to 11 minutes. 

For a plant with hot silos, a cycle time of 3 minutes was used to calculate the emission 
factor. For a batch plant, a cycle time of 7 minutes was used to calculate the emission 
factor. 

'. E.S. Hansen, "Cancer Incidence in an Occupational Cohort Exposed to Bitumen 
Fumes", Scandinavian Journal of Work, EnvirOnment and Health, Vol15, No 2, (1989) pp 
101 - 105. 

~ ~ 
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Vapor Pressure: Since the MSDS uses the " < " symbol, one can consider that the value 
in the MSDS is a "not to exceed" value. In that case, we can assume that the vapor 
pressure could be even lower by one order of dgnittrde, i.e:-3'mm. of Hg. (The 
discussion in the previous section indicates that this is more of a theoretical issue since 
the blending of light ends such as kerosene and naphtha and/or cracking will increase 
vapor pressure, not lower it.) 

Correction for emissions during load-out vs. emissions during truck travel: V i 1  
observations show that the emissions during loadout are much higher than they are during 
the period that the truck is moving towards the weigh station. The mass transfer 
equation estimates the emissions only during the latter process. An easy way to correct 
for this is to use a correction factor, based on visual observation, to estimate the extra 
emissions during loadout. In the sensitivity analysis, this correction factor has been 
varied from 1 (no correction) to 2. 

The results of the sensitivity analysis are shown in the Table 1. The sensitivity analysis shows 
that the range of these ground level emissions is of the order of 100 to 600 tons. While these 
appear to be enormous numbers, they should be compared to the plant throughput. With a plant 
output of 670,000 tons, and with the asphalt being about 8% of this amount, the annual 
throughput of asphalt is about 54,000 tons. This means that these emissions are 0.2 to 1.1% 
of the total asphalt that is used each year. The boiling off of this small quantity of light ends 
from a mixture is not unreasonable from a process standpoint. The issue is the environmental 
impacts of these emissions. 

t 

Table 1: Sensitivity Analysis 

Type of Option 
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ASPHALT AC-ZO 

__: 

~ O ~ ~ S U L T  WITH A HEALTH/SAFETY PROFESSIONAL. I=OR SPECIFXC 4. SELEC~ION. . 
.. - .. 

VI~~ILATION -------------------1-------~~--- 
i USE ONLY WITH ADEQUATE VENTZLATION. VENTILATE AS NEEDED TO COMPLY WITH 

1 ADDITIONAL INFORNATION. 
! 

EXPOSURE L IMIT .  MECHANICAL VENTILATION RECOPVIENDED'. SEE 'SECTION 1 6  FOR 

PkRSONAL PROTECTIVE EQUIPNENT --------------- 
EYE ---------"--_-I----------------~- 

! SPLASH PROOF CHEMICAL GOGGLES OR.FULL1FACE SHIELD .RECOnPIENDED TO PROTECT 
i AGAINST SPLASH OF HOT PRODUCT. SEE SECTION 1 6  FOR AODITLONAL 
! INFORHATION. 

, PROTECTIVE GLOVES RECOMMENDED TO PROTECT AGAINST CONTACT WITH HOT 
PKODUCT. THE FOLLOWING GLOVE MATERIALS ARE ACCEPTABLE: INSULATED 

G40VES -------------------______I_- 

1 POLYVINYL CHLORIDE$ INSULATED NITRILE: , .  . 
R&PI[RA~OR -------__--lll_--_---------- 

j CONCENTRATION-IN-AIR DETERMINES PROTECTION NEEDED. USE ONLY NIOSH 
' CERTIFIED RESPIRATORY PROTECTION. RESPIRATORY PROTECTION USUALLY NOT 

NEEDED UNLESS PROOUCT I S  HEATED OR MISTED. I F  HYDROGEN SULFIDE IS 
PRESENT FULL-FACE SUPPLIED A I R  RESPIRATOR WITH ESCAPE BOTTLE OR SCBA I S  
REQUIRED. HALF-MASK AIR PURIFYING RESPIRATOR WITH ORGANIC VAPOR 

PURIFYING RESPIRATOR WITH ORGANIC VAPOR CARTRIDGES I S  ACCEPTABLE TO 50 
TIfiES THE MPOSURE L I M I T  NOT TO MCEEO THE CARTRIDGE L I M I T  OF 1000 PPH. 
PROTECTION BY ATR PURIFYING RESPIRATORS I S  LIfiITED. USE A POSIT IVE 
PRESSURE-DEMANO FULL-FACE SUPPLIED AXR.RESPIRATOR OR SCBA FOR EXPOSURES 
ABOVE 50X THE EXPOSURE L IMIT .  I F  EXPOSURE I S  ABOVE IOLHGInPIEDXATELY 

. CARTRIDGES I S  ACCEPTABLE TO 1 0  TIMEs THE EXPOSURE L IMIT .  FULL-FACE A I R  
!' 

' 

1 DANGEROUS TO L 1 F E . L  HEALTH1 OR THERE IS THE POSSIB IL ITY  'OF AN 
,i UNCONTROLLED RECEASE OR EXPOSURE LEVELS ARE UNKNOWN THEN USE A POSZTIVE 
: PRESSURE-DENAND FULL-FACE SUPPLIED A IR  RESPIRATOR WITH ESCAPE BOTTLE OR 
: SCBA: SEE SECTION,16 FOR ADDITIONAL INFORMATION. 

./.AVOID ALL SKIN CONTACT. AS NEEDED TO PROTECT AGAINST SPLASH OF HOT 
: PRODUCT. THE FOCLOWING MATERIALS ARE ACCEPTABLE AS PROTECTIVE CLOTHING 

PIATERIALS: POLYVINYL ALCOHOL(PVA>; POLYVINYL CHL0RIDECPV;C); NEOPRENE; 
! NITRILE; VITON; POLYURETHANE; SAFETY SHOWER AND.EYE WASH A V A I L A B I L I T Y  
:. RECOflMENDED. LAUNDER SOILED CLOTHES. FOR NOH-FIRE ENERGEHCXES. POSIT IVE 
j PRESSURE SELF-CONTAINED BREATHING APPARATUS (SCBAI & STRUCTURAL 
! FIREFIGHTERS' PROTECTIVE CLOTHING WILL PROVIDE L I M l T m  PROTECTION. SEE 
i SECTION 16 FOR ADDITIONAL INFORMATION. 

OTHER ................................ 

! 

I 

BOILING POINT ........ : 
MELTING POINT... .... 2 
SPECIFIC GRAVITY .... : 
PACKING DENSITY.. .. . I  
VAPOR PRESSURE......: 
VAPOR DENSITY.. .... .: 
SOLUBILITY IN WATER.: 
PH INFORNATION.. .... : 
X IVOLA.TILES BY VOL..: 
EVAPORATION RATE.. .. : 
OCTANOL/WATER COEFF.: 
A~PEARANCE. ......... : 
ODOR...... .......... : 
0DOR.THRESHOLD ...... : 
V~SCOSITY ........... : 
MOLECULAR WEIGHT .... : 

I 

> 800 (DEG. F) - > 426 (DEG. C l  
125  - 150 (DEG. F) - 52 - 6 6  (DEG. C l  . 
1.04 <WATER=ll 
'1000 (KG/M31 
.c 0.0001 (MM HG 3 2 0  DEG C) 
lO+ ( A I R = l I  
N I L  ( X  BY VOLUME1 
N/A AT CONC. N.O. G/L HZO ..-, 
l i k  (ETHYL ETHER=lI  
N.D. 
BLACK SEMX-SOLID 
ASPHALT-LIKE ODOR 

N.0. SUS J N . D  DEG F .._ N.D. CST 3 H.D DEG C 
N.D. (WNOLE) 

N . D .  (PPMI) 

I = NOT APPLICABLE N.0. = NO DATA / NOT DETERMINU) 
n 
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-20 ASPHALT \\ 
\ \  

:rea mould be treated similarly to other thermal burns by Cdoling the affected area immedia. 
fith coolest available water. It i s  not usually advisable to iannedletely remova.!he asphalt 
laterial. Natural separation will occur in 48-72 MUrS. RemaVal Should be atrempted only UI 
:ne direction of a physician. IP removal i s  attempted. mineral a i l  (not mineral spirits) or 
iineral . .  Oil ointment may be applied to soften the asphalt to facilitate removal. 

HALATION 
::f ovarcome ay H2S: immedtately remove to fresh ajr, and cat1 
ljrregular or has stopped. star; resuscltation. a&,iniSter oxygen. i f  available. 

WIoir 
If jngested, DO NOT induce vomiting: call a physician immediately. 

\ \  
&vs;)isicizin: if-tjreatning $ 6  

- 
i ! D. FIRE AND U(PL0SION HAZARD INFORMATION 

WH POINT (MINIWm) ~ I ~ I T I G ? d  TEUPERATURE 
232'C (450'F) 
ASTM 0 92. Cleveland Open Cup 

Greater than 269'C ( 5 W - F )  

AnOXAL FIRE PROTECTION ASSOCIATION (NFPA) - HAZARO IDP(nFICAn0H 
palel Flarmebflity R e a C t l V f t y  BASIS 
0 i 0 Re~mmended by tne National Fire Protection ASsOCiLt 

UIWLlNG P R E W I O N S  
use product with cautjon aroud heat. sparks. pilot lights, statlc electricity. and 
open flame. 
t 

U J W A E L E  OR EXPLOSIVE LIMfTS (APPROXIMATE PERCENT BY VOLUME IN AIR) 
ECtim8ted values: Lower Flammable Limit 0.9% Upper Flamable Limlf 7% 

b ASPHALT F W  WARNING 
studies have shown that relatively low flash point substances. such as hydrcgen sulfide and 
.lW-boiling nydmoarbons. may accumulate in'the vapor space of hat asphalt tanks and bulk 
transport compartments. Such vapors may exhibit flammability characterlatics 09 a significa 
lower flash product than would be indicated by the open CUP flash.te6t. As a precaution. ke 
'ignition SOUPOBS away from vents ana openings. including prevention of accumulation of pyrop 
!iron sulfida. Asphalt Institute PuDllcation 12-180 ana American Petroleum Institute Public11 
$52-20230 contain further inPormtion and guidance on the safe storage and handling of l l o C  
aspha1 t. 

e I 
XfIWISHING MEOIA AN0 FIRE F I M I N G  PROCEDURES 
'Foam. water spray (fog). dry chamiCa1. carbon dioxide and vaporizlng I iwfd type extinguishi 
b w t s  may all be suitable for extinpuishing fires involving this type of product. depending 
;size or potential size of fire and circumstances related t o  the situation. Plan f i r e  protec 
:and response strategy through consultation with local Pire protection authorities or appropr 
:spec1 a 1 t I s ts . 
'National Fire Protection Associati,on's .Fire Protection Guide on hazardous Materfals", Eight 
:fdltiOtl (19841: 

]Use water spray. dry chemioal. foam. o r  Carbon dioxide to extinguish the fire. water or foe 
!may cause frothing. Water spray M y  be USf 
it0 flush spills away from exposures. Hinlmize breathing of W e s .  vapor. fumes or aeco(nWa1 
~PM~UCIS. Use supplied-air breathing WUfpment for  enclosed or Confined spaces or  as other+ 

.- 4 

-- _. 
following procedures for  this type of product are based on the recomenaations in the 

! 

! 
~ 

! 

~ & ~ S T I O N  P R O h S  UNDER FIRE CDNDITIONS 
I 
! ldeoomposition products. in  tM1 0868 of imaon@lete aomlwstion. 

Use water to keep fire--sed wntatners c M 7 .  

1 needed. 

!F-s. smoke. carbon monoxide. hydmgen sulfide. sulfur oxides. aldehydes and OthdP 

I 
bZUPl'Y" m A I N E R  UARNIffi 1 .Empty* containers wtain residue (liquid and/or vapor) and can be danperous. 

! FLAME. SPARKS. STATIC ELECTRICITY. OR OTHER SOURCES OF IGNITION: :THEY MAY EXPLOOE AND CAUSE 
:INJORY OR DEATH. 

. ~ 1 1  other containers should be disposed 01 in an environmantally safe mdnnar ana in 

00 NOT 
PRESSURIZE. CUT. UEW. BRAZE. SOLDER. ORILL. GRIM) OR EXPOSE SUCH CONTAINERS TO HEAT, 

00 not attempt to clean s i m e  residue i s  difficult to remove. "Empty. arui 
should be completely drained. pmperly bunged and promptly returned to a Urum r~IIc1ltio(wr, 

ampdance with governmental regulations: For work on tanks refer to OccUWtiOnal 
Safety and Health Administrat4on regulations. A N S I  Z49.1pad other governmental and 
industrial references pertalntng to cleaning. repairing. welding, or other Contamplatee 

DATE ISSUED: 11, 
SUPERSEDES DATE: i2, 

¶45.0177W-W 
PAGE: 2 



Photograph 1 shows a truck 
receiving its first load of 
asphalt from the batching 
tower. (Time zero). You can 

.-notice the copious emissions 
of carcinogenic VOC's. This 
plant takes about 1 minute to 
mix a batch so that even a 
small truck, after receiving 
the fmt  load, waits under the 
tower for a minute until the 
next load is dumped. A 
small truck l i e  the one in the 
photograph (6-wheeler) is 
filled with just 2 dumps. A 
larger truck, a 10-wheeler or 
an 18-wheeler, would hold 
more dumps and would have 
to wait longkr under the 
batch tower, emitting carci- 
nogenic VOCs during that 
time. 

Photograph 2 shows the truck 
during this waiting period 
where the f m t  load continues 
to emit VOCs. (Elapsed time 
is about 30 seconds). 



Photograph 3 shows the truck 
just after the second load is 
dumped. The fumes are very 
thick again. (Elapsed time is 

onds). 

._  1 'minute to 1 minute 5 sm- 

~. . . .  , . .. 
I .....: . . Photograph 4 shows the truck 

moving towards the weigh 
station. The photo shows 
that the fumes are still corn- 
ing off the truck but are not 
as dense as before because 
the truck is moving and the 
air is dispersing these VOCs. 

I 

. .  
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The truck then drives to the 
weigh station and the driver 
goes inside to complete the 
paperwork. After he comes 

.-out, he covers the loaded 
truck and drives off. Photo- 
graph 5 shows the driver in 
the process of covering up 
the loaded truck. There are 
still significant emissions off 
the truck. (Total elapsed 
time 5 to 5.5 minutes). 

Photograph 6 shows two 
important points. In the 
background, you can see the 
entire plant. THE PLANT 
STACK IS CLEAR. Unless 
you know the plant design, 
you would not be able to 
locate the stack based on this 
picture. YET, THE MASS 

TAL PROTECTION (DEP) 

VISrSLE FUMES ARE 10% 
OF T H E  INVISIBLE 
STACK EMISSIONS. 

In the foreground, the photo- 
graph shows a water truck 
spraying the roadways for 
dust control. 

DEPT. OF ENVIRONMEN- 

ACCEPTS-. THAT THE 

3 



Ravi Nadkarni 

Dr. Nadkarni has a Ph. D. in Metallurgy with a minof5n Ceramic.Engineering ??om the 
university of Utah. From 1967 to 1983, he was with Arthur D. LitLle, the well-known 
hternational research and consulling fm. During that t h e ,  he was involved in a wide 
specfrum of assignments for private and governmental clients in this country and abroad. His 
assignments hchded pmcess development in the chemial and metdurdca l  industries, 
technicaveconomic evaluations in mineral processing, ferrous and non-ferrous metallurgy. 
market studies for new technology, pollution control, enviromnental policy, econometric 
modelling, conversion gf coal and b i o q s  to alternate fuel f o m  and resource recovery from 
solid wastes. In 1980, he was made Vice President for pe rgy  Technology.: From 1981. to 
1983, as Vice President, Chemical and Metallurgical Engineering, he managed the t ~ h k d  
activities within the company for the process industries, involving a group of about 45 
professionals. 

In 1983, he joined the h c h  & Garner Company as Corporate Vice President for Technology 
and established a new division for multidisciplinary research in new mate& and new $ m s e s  
for the precious metals industxy. Subsequently, he was the Vice President and General Manager 
for Leach & Gamer Refining, a major refiner of precious ,metals, which became Metalor USA 
Refining Corporation in 1989. He stepped down as General Manager in 1994 but is still 
associated with Metalqr. 

Over the years, Dr. Nadkami has authordcoauthored about 70 professional' papers or 
presentations. These bave included subjects such as economic impact of pollution control 
regulations. (work which directly resulted in Section 119 of the Clean Air Act), production of 
conventional and nonanventional fkek (such as coal liquefaction and ethanol from biomass), 
statistical processcontrol inchepical analysis, slurry transportation, precious metals processing, 

."'stmtegic materials, metal , & y c l i n g , ' & ~  e v e r y  and so on: He has edited:two books.and. 
Contributed a section on 'pllution reduction to a handbook on pefroleum refining. He hol& . .  

. 

. .  

. .  ... . . - . . .  . .  

. .  several patents' iri the chemical processing and pollution control fields. . . .  . .  
-. ._ 

Dr. Nadkarni has won several awards for contributions. These include the Best Paper Award 
'"of the Metallurgical Sodiety of AIME and the Application to Practice Awad which G given "to 
recognize outstanding achievement in the transfer of research results or findings in the 
metallurgical or materials science fields into ~mmercial  produ.ction and practical use". 

. . 

Dr. Nadbarni is a member of the MetalIurgical Society of AJME, the American btitute of 
Chemical Engineers, Indian Institute for Metals, Prpvidence Jewelers Club, the Gold Institute, 
International precious Metals Institute and the Wrentham Environmental Coalition. He is a 
Registered Professional Engineer in Massachusetts. He is active as a member of the Board of 
Directors of the International Precious Metals Institute and serves on two Committees on 
improving science education in the schools. 
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September 11,1994 

To Whom It h y  Concern: 

I am employed as an environmental chemist at Camp Dresser and McKee Inc. (CDM) in 
Cambridge, MA. I have a Ph.D. in physical chemistry from Cornell University. Prior to 
joining CDM, I conducted postdoctoral research in the fields of flue gas control at the U.S. 
kpartrnent of Energy and bioremediation at Cornell University. Two years ago I was 
involved in a citizen review of a proposed asphalt plant in diy neighbohood 'Ihrough this 
review, 1 have become familiar with the chemistry of asphalt and its produdon. 

I have reviewed the letter dated August 29,1994 by Ravindra M. Nadkami, P.E to Ms. 
Nancy Baker of the Executive Office of Environmental Affairs concerning Mr. Nadkami's 
calculations of ground-level fugitive VOC emissions during truck 1 4 %  at an asphalt 
plant. I have also reviewed all attached data and calculations. 

Given the paucity of chemical composition and physical chemical data on asphalt, it is very 
difficult to formulate calculations concerning asphalt production. Nevatheless, 1 have 
found Mr. Nadkami's assumptions and emissions calculations to be well conceived and 
technically sound. His work is entirely consistent with the small amount of available 
asphaltdata InparticW. 

- It is reasonable to expect benzene, toluene, and xylene in hot asphalt. 

- The use of model compounds is the only way I know to ahmate vapor pressures. 
The model compounds used are the best choice given what we do know about the 
hydrocarbon molecular weight range in asphalt 

- Tne graphical estimation of vapor pressure is technically sound. 

If you have any questions on my review comments, please feel free to contact me at (617) 
252-8822. 

Environmental Chemist 
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September 13, 1994 . .A. . . .  

To Whom It May Concern: 

I have reviewed the calculations of Dr. R.M. Nadkarni, entitled 
"Exhibit E - Estimation of Fugitive VOC Emissions from Hot 
Asphalt [Revised August 26, 19941." 

Without questi.on, Dr: Nadkarni is attempting to describe a 
complicated physico-chemical phenomena - the evaporation of 
volatile species from a mixture of organic substances during the 
loading of a haulage truck. To do so, he must resort to 
simplifying assumptions, particularly regarding the geometry of 
the system. He ,chose to assume a flat plate analog for a loaded 
truck. This assumption, while underestimating overall area . 
available for mass transport and thus underestimating VOC 
emissions, al.l.ows a standard mass transfer correlation to serve 
as the basis for calculation. His equation E-1 is a well-known 
and commonly applied correlation of mass transfer coefficients 
with physical .properties. Correlations of this type have been 
applied with- qreat success for decades in the chemical industry. 

Having accepted his approach, the next issue concerns data. In 
order for Equation E - 1  to predict VOC losses, it must be 
parameterized with the appropriate data. In this regard, Dr. 
Nadkarni has made conservative choices when data are not 
available in the open literature. For example, the diffusion 
coefficient he used applies to room temperature and not the 
elevated temperatures of hot asphalt. 
pressure, a di.fficult parameter to estimate because of the ' 

complex nature. of asphalt, 

Inserting the various parameters into Equation E-1 results in an 
estimate of VOC emissions of about 20 grams per second from a 
truck 8 . 5  feet wide by 35 feet long .  This can be easily 
converted'into total emissions per year if one knows the average 
time a truck remains uncovered and the number of truck loads per 
year. 

In conclusion, T concur with Dr. Nadkarni's approach to 
estimating VOC emissions from hot asphalt. 
technique used with great success by the chemical industry. 
While I cannot. confirm all. the parameters used in the mass 
transfer correlation, his values do not appear unreasonable and 
in most cases seem conservative. 

His estimate of the vapor 

is best reviewed by a physical chemist 
familiar with asphalt chemistry. . -. _. 

It is a standard 
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Concerning my qualifications for such a rdiew; I hold-B.S., M.S. 
and Ph.D degrees in Metallurgical Engineering from the University 
of Utah. At the University, I specialized in the mathematical 
modeling of rate proctsses and both my Master's thesis and Ph.D. 
dissertation involved descriptions of kinetic phenomena. I also 
took several courses specifically dealing with mass transport 
phenomena and was the teaching assistant for one such course. 
For the last ten years, I have served in various engineering 
capacities (most recently as Director of Research and 
Development) in an industry where estimations of emission rates 
are critical in complying with State and Federal regulations. 

Respectfully, 
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OFFICE OF 

'AIR OUALIN PUNNING 
AND STANDARDS 

SEP - 5 1995 
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Dr. Ravinda M. Nadkarni, P.E. 
340 Franklin Street 
Wrentham, Massachusetts 03093 

Dear Dr. Nadkarni: 

Thank you for your November 7, 1994 submittal of a proposed 
method for estimating fugitive air emissions from the loading of 
hot mix asphalt into trucks. I apologize for the delay in 
providing you with our comments and.questions. 

Methodologies are not intended to be used to resolve individual 
regulatory disputes, which are best handled at a local level. 
While we recognize an element of this in your particular interest 
at this time, we also recognize that these emissions may be 
significant on a national level, yet they have never been 
quantified. While we cannot commit any Agency resources to the 
measurement of these emissions at this time, we would like to 
help facilitate a resolution to the emissions estimate question. 

Be advised that we are currently reviewing the hot mix 
asphalt section of our AP-42 document for possible revision, but 
we have not found any emissions test data for the truck loading 
operations. Also, the Emissions Inventory Improvement Program 
(EIIP), a joint Federal and State venture also open to public 
participation will be releasing a draft document on how to 
inventory emissions from hot mix plants within the next nionth. 
However, we do not expect that this document will have any 
additional information on fugitive emissions from truck loading. 

My comments on the proposed estimation method are enclosed. 
In summary, I think that the significant uncertainties associated 
with some of the assumptions warrants a more direct approach to 
quantifying the vapor pressure, concentration, or the emissions. 
If you would like to submit a revised method or otherwise respond 
to these comments, I would like to make the material available 
for public review and comment via our electronic bulletin board 
system. Please submit any materials that you can in some 
electronic form in order to expedite the process. 
your efforts to help improve emission estimates for this source 
category. 

Our Public Participation Procedures for Emission Estimation 

Thank you for 
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Sincerely, 

Ronald B. Ryan, &E. U 
Environmental Engineer 

Emission Factor and Inventory Group 

3 Enclosures 

CC: James E. Belsky, MA DEP 
John Courcier, Region I 
Lloyd Fillion, CAAP 
David Mobley, EMAD (MD-14 
John Seitz, OAQPS (MD-10) 
EFIG Emission Factor Team 



U.S. ENVIRONMENTAL PROTECTION AGENCY 
COMMENTS (August 30,1995) 

FUGITIVE VOC EMISSIONS FRBM HOT ASPHALT 
submitted by Ravinda M. Nadkami 

dated November 7 ,  1994 

1. SELECTION OF MASS TRANSFER EQUATION 

I have not evaluated the applicability of the flat plate to fluid mass transfer equation as a 
model for the surface of the loaded asphalt truck. However, one question which immediately 
comes to mind is whether the rate-determining step of the process is the transfer from the 
asphalt surface to the air or the migration of the volatiles through the depth of the loaded 
asphalt to the surface. The proposed model relies on the fact that the supply of volatile 
materials to the surface is constant enough to maintain a vapor pressure of 30 mmHg. This 
would not betrue ifthe volatiles could not readily move through the solid, or if thh amount 
of volatiles initially present was less than the Ib/ton emission factors derived by assuming a 
steady off-gassing. 

2. ESTIMATE OF VAPOR PRESSURE 

I agree that the key variable in the method as proposed is the vapor pressure of asphalt. 
However, if a direct measure of the concentration C, were available, the vapor pressure 
would not be needed. The submittal does not clearly specify what C, represents, but it 
appears to be the equilibrium concentration of organics above a liquid asphalt surface (at 300 
F?). If this is correct, can a value for C, be obtained from data for the vapor phase 
composition of a heated asphalt tank? I am enclosing copies of two reports done by EPA's 
Control Technology Center which may shed some light on the magnitude of C,. 'Direct 
measurements above the blended asphalt may be the best solution. 

I did not receive any of the five figures cited in the four alternative methods of estimating the 
vapor pressure, but I have several questions based on the text submitted. 

Model C O ~  My understanding of using model compounds to estimate the vapor 
pressure of a mixture requires the assignment of liquid mole fractions to the model 
compounds and the assumption that the mixture is ideal, and thus that Raoult's law is 
applicable. Assuming that asphalt or asphalt blended with lighter material is an ideal mixture 
is very speculative. 

Although the light aromatic compounds cited have been found in the emissions streams from 
asphalt plants, and they have significant vapor pressures as pure compounds, some data is 
needed to show that they are a measurable fraction of the liquid, and thus contribute any 
measurable amount to the total mixhue.vapor.pressure .... ~t fixtionsfor what compounds 

-. .. 
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did you assume in preparing Figure l ?  The last paragraph under Model Compounds, 
referring to Raoult’s Law, is unclear. The mole fraction of the lighter materials in the vapor 
phase should be close to 1, even though their liqui&phase’mole 6 a ~ o n  would be close to 0, 
due to their much higher vapor pressures. What effect is being referred to? 

w l a t i o n  . I do not know what the information referred to as Figure 3 could 
be, but it presumably provides a set of parallel lines for vapor pressure versus temperature for 
liquids boiling at various temperatures. The one data point used for the extrapolation is a 
vapor pressure maximum (<O.OOOl d g )  at 20 C. The combination of this point with the 
uncertainty of the initial boiling point of asphalt (cited as 900 F or 800 F) makes this 
method very speculative. Note that asphalt does not boil at 1000 F in a vacuum distillation 
column, and that the vapor pressure of anthracene is two orders of magnitude less than the 
maximum given on the MSDS (1.3 E-6 mmHg at 25 C). Also, the text cites vapor pressures 
at 300 F ranging from 14 mmHg for the 700 F line to 180 mmHg for the 900 F line. The 
vapor pressures seem to be reversed for the different boiling points. 

Lower E X D ~ S  ive Limt Dah . I am not familiar with this method, but I expect significant 
uncertainty could be introduced by the possibility that small amounts of much more volatile 
material may be present in the mixture. However, I note that it indicates a vapor pressure of 
7.6 mmHg at 450 F. Using this data point and two others cited in your method 2 (<0.0001 
at 20 C and 760 inmHg at 900 F), I have very roughly plotted a straight line of the log of 
vapor pressure versus 1iT  (in Kelvin). This line indicates a vapor pressure of about 0.2 
mmHg at 300 F. 

. .  

I 3. RELEASE OF LIGHT ENDS 

In addition to the two reports done by the CTC, I am enclosing a copy of our latest version 
of Ap-42, Section 11.1, This version contains some emission factors for organic compounds 
passing through the particulate control devices on the dryers at drum mix plants and on the 
pug mill at batch mix plants. We are not certain of the amount of contact of the hotasphalt 
cement with the air flowing from the dryers in drum mix plants. But for batch mix plants it 
seems reasonable to expect that much of any light ends material would be volatilized in the 
pug mill. The data do not appear to show that these emissions are as large as you have 
estimated for the next process step downstream, the loadout operation. Have you noticed any 
fugitive emissions from the loading of hot mix into the storage silo? 

4. MINOR COMMENTS 

What is the asphalt temperature for which a vapor pressure is needed? The derivation of a 
value for C, (1.6E-6 g-mol/cc) is based on a partial pressure (0.04 atm) figured at 300 F (423 
K), but the temperature used in the derivation is 298 K. Figure 1 refers to a vapor pressure 
at 190 C (374 F). 
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The diffusion coefficient cited (0.093) appears to be for heptane, rather than hexane. The 
value for hexane is 0.2, but values for much heavier molecular weight materials may be more 
appropriate. The value for anthracene is 0.0324. 

It is not clear how the batch versus continuous loadout emissions factors are calculated. 
What is the magnitude of the additional "correction factor" that is used? Note that the value 
of 252.8 I b s h  at the end of section 1 ofthe submittal should be 151 Ibs/hr. 

Under Model Compounds, methyl benzene and triethyl benzene are not complex polynuclear 
aromatics. Also, methyl benzene is toluene, previously cited under light aromatics. 

. 

5. SUMMARY 

While I have not visited a hot mix asphalt plant, it is obvious from observing a road paving 
operation that something continues to be relea+ from the material even after it leaves the 
plant site. The odor and the fact that emissions can be seen would indicate the presence of 
particulate or condensible organics rather than lighter molecular weight organics, although 
some amount of the lighter material is undoubtedly present. It is not clear that the flat plate 
diffusion model selected .is appropriate for the lighter weight materials, much less for the 
heavier vapors or particulates. Some of the data contained in the enclosures may provide 
insights to develop a more direct method of estimation. 



October 26, 1995 

Ronald B. Ryan, P.E. 
Environmental Engineer 
Emission Factor and Inventory Group 
Office of Air Quality Planning and Standards 
United States Environmental Protection Agency 
Research Triangle Park NC 2771 1 

Dear Mr. Ryan: 

I apologize for the delay in answering your letter of September 5 ,  1995. I retired at the end of 
September and the transitional issues have kept me very busy until now. 

In order to speed up the writing of this response and in keeping with the format you adopted in 
your letter, I will answer your letter in two parts; the first non-technical and the second 
technical. This letter will be non-technical and the second letter, to follow in about two weeks, 
will be technical. I hope you don't mind. 

You do me great injustice when you open your letter with the comment: "Our Public 
Participation Procedures for Emission Estimation Methodologies are not intended to be used to 
resolve individual regulatory disputes, which are best handled at the local level". The local 
dispute in Wrentham was formally over on November 1, 1994, when the local builder, IBPC, 
surrendered their Air Permit to Mass DEP. This resolution was not a surprise to our group 
since we had been contemplating an arbitration procedure for 2 months before that. My letter 
to you was dated November 7, 1995. I had waited until the local issue was closed so that it 
would not affect EPA's consideration of the problem of fugitive emissions during truck loading 
and truck transport. This issue is national in its scope since the U.S. has about 3,600 hot mix 
plants. In addition, in order that this national nature of the problem be understood, I went to 
the trouble of first obtaining the format for such submittals from EPA Region I and adhered to 
it. There were no references to any local issue in my communications to you. I wish you had 
called me directly on this rather than checking with third parties who obviously misled you. 

Wrenthain is "blessed" with four hot mix asphalt plants in two locations along its borders with 
adjoining towns. These plants are on public roads so that k is easy to park across the street and 
observe the operations. I have taken full advantage of the proximity and the ease of access to 
these plants and observed their operations on hot days and cold, in good weather and bad. 

As a process engineer, I was trained to ignore anything that is labelled "fugitive". This ignoring 
of fugitives is an almost subliminal process; akin to ignoring the "insect parts and rodent hair" 
which are allowed in small quantities in peanut butter by the USDA. We know they are there 
when we force ourselves to think about them, but it normally does not affect our consumption 
of peanut butter. The same phenomenon can be observed in the EPA publication, AP-42, which 
is issued by your office. It correctly catalogs all the emissions from a hot mix plant. The 
fugitive emissions are properly catalogued, but they are not quantified. Before my first visit to 

Ravindra M. Nndkami, 340 Franklin Street, Wrentham MA 02093 
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a hot mix plant, I was also fully prepared to ignore these fugitive emissions. However, as I sat 
across the street from these plants and observed the eplssians, I realized that the bulk of the 
emissions to the'environment were fugitive and came from a) the dumping of the hot mix from 
the storage silo into a truck waiting below, b) from.the mck.as it travelled uncovered from the 
storage silo to the weigh station, and c) from the stationary truck at the weigh station until the 
hot mix was covered with a tarp. Since all plants, old and new, have the same design for truck 
loading, these emissions were not a function of plant design. At some of the plants, there were 
also significant visible emissions from the top of the storage silos. These emissions appear to 
be a function of plant design. I observed that stack emissions in each case, downstream of the 
baghouse, were quite minor. Unfortunately, Al-42 and other EPA publications only quantify 
these minor stack emissions. 

In your letter, you mentioned that you have never visited an asphalt plant. I suggest that you 
visit at least one and observe the emissions. With my November 7, 1994, letter, I had enclosed 
color photographs that showed these emissions, because I felt that these photos would be much 
more instructive than any calculation. Since you did not mention these photo's in your 
comments, and you also said that some of the figures were also missing, I presume that they 
were lost at the EPA before the letter reached your desk. Please let me know if they are lost. 
I am sure I can dig up 'another set or take additional photos. 

I don't mean to appear immodest but as the former head of the Chemical and Metallurgical 
Engineering Section of Arthur D. Little and as a winner of the "Application to Practice" Award 
of The Metallurgical Society for translation of research results into industrial practice, I bring 
considerable technical skills to the observation of emissions. In the case of hot mix plants, 
opacity is a good measure of hydrocarbon emissions because a) polycyclic aromatic 
hydrocarbons are vaporizing at around 300 degrees F, and are condensing in the colder ambient 
air, and b) all of the ingredients are dry (since moisture contained in the aggregate is going up 
the dryer stack) so that condensed water vapor is not contributing to opacity. These hydrocarbon 
emissions take on a characteristic blue tinge and, unlike water vapor emissions, they don't 
disappear suddenly through evaporation. .-- -. 

At each plant you will observe the same thing: 

1. A large cloud of hydrocarbons is released as :he hot mix is dumped into a truck from a 
storage silo. This loadout area is always in the open and its design has not changed in over 20 
years in essential aspects, whether for a batch or a drum plant. In either case, hot mix drops 
through the air from a height of about 10 to 15 feet. At one plant where the load out area was 
surrounded by a shed, open on both ends like a tunnel, the emissions of blue smoke were just 
as bad as they would have been if the shed had not been there. 

2. As the hot mix sits in the truck and as the truck moves around the yard, the hot mix 
continues to emit these hydrocarbons. Visually, the emission rate of the hydrocarbons does not 
decrease, indicating that the hot mix is porous enough to allow the light volatile fraction to move 
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through the solid and evaporate at a constant rate from the surface. 
.. 9. . . .  .- - 

3. Overall, the visible emissions.during.step 2 are at a lower rate than the emissions during step 
1. This is to be expected since the relative velocity of the hot mix and air should be much 
greater in step 1 than in step 2. 

4. The emissions attenuate after the hot mix is covered with a tarp. However, the tarp does 
not provide a hermetic seal and you will continue to smell the hydrocarbons if you were to 
follow the truck in your car, even with your windows closed. 

5 .  During this entire period, there will be no visible emissions from the stack, which is the 
focus of the EPA's emissions regulatory effort. On just one occasion, on a cold and damp day, 
I observed some water vapor emissions from the stack. All of the plants use a fabric filter/ 
baghouse for dust control. Enclosed parts of the plant which might also emit hydrocarbon vapor 
are also vented to this baghouse. It is not difficult to picture the fine dust acting' as nuclei 
around which the hydrocarbons can condense and be trapped in the baghouse. 

It was because of these observations that I searched for techniques for quantifying these 
emissions. I ended up with several techniques which gave similar results and also explained 
anomalies in the Material Safety Data Sheets published by the manufacturers of asphalt. The 
least non-technical of these methods was presented under Section 4 on page A-5 of my letter of 
November 7, 1994. This method relied on two measured values. The first was a published, 
experimentally measured value for concentration of hydrocarbons in asphalt fume, (expressed 
in mg of pollutant / cubic meter). This value had been obtained with personal monitors worn 
by asphalt workers. The second value was for the volume of the cloud as measured off the 
photograph that I sent you. The photo was taken at the end of the first minute after hot mix was 
dumped on the truck. Thus, the volume of the cloud accounted for the hydrocarbons emitted 
during the first minute. The truck was open for 5 minutes and, in order to be conservative and 
to account for a lower relative velocity between air and asphalt as the hot mix . q t  in-the open 
truck, I increased the total mass emitted during these five minutes by a factor of only 2.5 rather 
than by 5 .  This simple calculation also gave us numbers that were also the same order of 
mzgnitude as the' other, more complzx ca!cu:ationc. This simple calculatian indicated that the , 

emissions would be about 50 tons of carcinogenic hydrocarbons per year; which means that 
nationally, about 180,000 tons of this material are being emitted without any control by the EPA 
or by local authorities who rely on EPA's guidance. If I had used a factor of 5 ,  this number 
would have been doubled. In contrast, emissions from the stack are of the order of 5 tons per 
year or less. I notice that you did not comment on this method at all in your detailed response. 

My point, very simply, is this: There is something tembly wrong with a set of regulations 
which completely ignores a major portion of emissions but puts considerable efforts in 
quantifying minor emissions. You seem to realize this when you state "we also recognize that 
these emissions may be significant on a national level, yet they have never been quantified." 

. 

' 
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I suggest that a reallocation of effort is in order since your efforts, unfortunately, have been 
misdirected at minor emissions. (I don't mean to bs  too critical. Such "Monday morning 
quarterbacking" on my part occurred only after spending many hours-observing asphalt plants 
and after my calculations were complete. Again, the calculations were aimed at quantifying my 
observations; nothing more. If you had visited a few plants and seen the visible emissions, I am 
confident that you too would have reached the same conclusion.) 

You also state that you cannot commit any Agency resources to the measurement of these 
emissions at this time. All I am asking is that you first establish for yourself that fugitive 
emissions are much more significant than stack emissions at hot mix plants by visiting and 
observing these emissions. It is then up to you to either use my estimates as an interim estimate 
or use totally different methods, theoretical or experimental, that quantify these observations. 

, I understand the Agency faces budget constraints, but the evidence here &is for a iediocaiicn 
of effort not supplemental effort. I hope you also realize that I, as a retired person, don't have 
the resources to undertake experimental work for "a more direct approach to quantifying vapor 
pressure, concentration, or the emissions" as you suggest. At this stage, based on thevisual and 
photographic evidence alone, you should be focussing the Agency's resources on quantifying 
these emissions and not put the burden of proof on me. 

Ravi Nadkami, P.E. 

cc: I. David Mobley EPA EMAD (MD-10) 
John Seitz, OAQPS (MD-14) 
John DeVillars EPA Region I 
Senator Edward Kennedy 
Senator John Kerry 
Rep. Joseph Moakley 
Rep. Joseph Kennedy 
Rep. Peter Blute 
James E. Belsky MA DEP 
Lloyd Fillion 

. . . . . -. . .-. .. 
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November 16, 1995 

Ronald B. Ryan, P.E. 
Environmental Engineer 
Emission Factor and Inventory Group 
Office of Air Quality Planning and Standards 
United States Environmental Protection Agency 
Research Triangle Park NC 2771 

Dear Mr. Ryan: 

. .*. . . .  .- 

As promised in my letter of October 26, I am sending this more technical letter which addresses 
your questions and comments dated August 30, 1995 which accompanied your letter of 
September 5 ,  1995. I will respond to the questions raised in the same order as that in your 
letter with one exception: I will deal with the comments in Section 5. Summary first, because 
it indicates to me that you and I are using somewhat different terminology. Clearing up these 
differences will make the rest of my comments below a little easier to follow. 

Summary 

You state, "The odor and the fact that emissions can be seen would indicate the presence of 
particulate or condensible organics rather than liehter molecular weight orpanics, although some 
amount of the lighter material is undoubtedly present. It is not clear that the flat plate diffusion 
model selected is appropriate for the liehter weieht materials. much less for the heavier vapors 
or Darticulates. " [Emphasis added.] In these statements, you are differentiating between three 
types of materials: "lighter molecular weight organics", "heavier vapors" or "condensible 
organics" and "particulates". Since all of my efforts were triggered by visual observations, I 
never tried to make this fine a differentiation. My technical training told me that "particulates" 
i.e. dust particles from crushed rock, would be trapped in the bag house and would not be a part 
of the fugitive emissions from the hot mix during truck loading. Thus, I have always considered 
the totality of all organic compounds which would evaporate from the hot mix at temperatures 
between 300 and 350 F and then condense in the ambient air at around 70 degrees F. These 
would include compounds that are gases at ambient temperature as well as compounds that are 
condensed submicron particulates. From the viewpoint of health impacts, the submicron 
condensates, rich in polynuclear aromatic compounds, might well be the more dangerous 
component of the two. 

Asphalt is a very complex mixture of hydrocarbons. It is typically hydrogenated after vacuum 
distillation so that it is stable during storage and transport. In addition, it contains light ends 
(naphtha) which are added at the terminal to control its viscosity. The limited available data on 
asphalt, available in Material Safety Data Sheets, appears to be based on material shipped from 
a refinery rather than the material that is delivered to a user by a terminal. Visual observations 
show that some of these organics vaporize during loadout. These organics have to meet only 
two conditions to be visible: a) They have to have a boiling point above 70' F (in order that they 
condense and form a visible fog). b) They have a boiling point below about 300'to 450' F. 
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The first condition is absolute since the fog would not be visible without condensation. The 
second condition is not absolute since all substances have significant vapor pressure at 
temperatures near but below their boiling point; hence the range of temperatures. Much of your 
criticism is based on a differentiation between l igh tsad  heavies. .Such differentiation is not 
necessary since I can now show that the results predicted by the mass transfer model match very 
closely the actual measurements in EPA reports which you kindly sent me. 

1. Selection of Mass Transfer Equation 

As mentioned in  my letter of October 26, 1995, any observer of an asphalt plant will notice that 
there are two "regimes" for volatile hydrocarbon emissions while trucks are being loaded. The 
first regime or the first stage occurs when hot mix drops through the air from a height of about 
5 to 15 feet on to the bed of the truck. During this stage, the loose hot mix is falling through 
the air with a significant relative velocity between the hot mix and the air. Thus, a large amount 
of hydrocarbon fume is generated. The second regime occurs when the loose mix is sitting 
uncovered on the bed of the truck. Because the hot mix is loose, it contains a lot of air in the 
interstices. Because it is hot, the loose pile will "breathe", i.e. hot air, with vaporizgd organic 
compounds, will rise from the top of the pile and be replaced by colder air. m e r e  is extensive . 

literature on this "breathing" phenomenon since it can lead to fires in loose, combustible 
materials stored in the open.] Hydrocarbon emissions will continue as the truck either sits in 
the yard in a queue to be weighed or is driven to the weigh station for weighing and for the 
completion of paperwork. I have observed that the truck driver will weigh the truck, complete 
the paper work, level off the load with a shovel if necessary and then cover the load with a tarp; 
all of which takes 5 to 10 minutes. Visual observations show that the hydrocarbon emissions 
from the truck bed during the second stage are less copious than during the first stage, but they 
continue at this lower but constant rate over that period. This is to be expected since the relative 
velocity between air and the hot mix is less in the second stage. 

You have asked whether the volatiles continue to diffuse through the loose asphalt in a truck and 
feed the top surface to maintain a constant vapor pressure. Your question is very reasonable and 
correct. My repeated observations indicate that the emission rate from the top of the truck does 
not attenuate over the first 5 to 10 minutes, therefore this condition is met. The reasun for this 
constant rate of emissions is the "breathing" phenomenon mentioned earlier. In other words, 
visual observation would suggest that the rate-determining step is the transfer of organic 
compounds from most of the surface of the hot mix pile to the air and not the migration of the 
volatiles through the thickness of the hot mix to the surface. In my search of the literature for 
an appropriate mass transfer equation, I found the flat plate equation. I used it because it 
seemed to support all of my observations including the fact that the vapor emissions rate was 
constant from the top surface, indicating that the conditions for the derivation of that equation 
were being met in the field. The top surface is not perfectly flat or smooth; an assumption in 
the flat plate equation. Since the relative airltruck motion is in the turbulent flow regime, the 
lack of a smooth surface is less important than it would have been had the flow been laminar. 
Also, the lack of smoothness means that results predicted by the mass transfer equation are based 
on a lower Reynold's number and have a low bias. You might ask which is the appropriate area 
to use in the flat plate equation. There are two relevant areas: The first is the area of the loose 

. 
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mass of the hot mix (including the internal area) which feeds the vaporized organics to the 
surface. This feeding of the top layer of the hot mix justifies the use of the flat plate equation. 
The second area is the surface area of the top of the truck, the "flat plate" of the equation, 
where the relative motion takes place between the tnrlk and air. 

2. Estimation of Vapor Pressure 

We both agree that the actual vapor pressure of asphalt is a key input variable for the mass 
transfer calculations. [Since you say that you did not receive the figures attached to my letter 
of November 7, 1994, I am attaching another complete copy of that letter - I had several extras 
in my file. This letter also contains color Xerox copies of the photos which, while not as good 
as the original color photos I had sent before, are sufficiently detailed to show the clouds. I am 
assuming that the original photos and figures were separated from my letter as it moved through 
various EPA offices to your desk. I am also enclosing color Xerox copies for all the other 
addressees of this letter so that they can also get a visual impression of the magnitude of this 
problem.] 

You are correct in assuming that C, represents the concentration of vapor over the asphalt at 
300 F. I agree that a direct measurement of vapor pressure would be the best way to obtain a 
value of CT. However, I would measure vapor pressure rather than vapor phase composition, 
since it is a more direct way and is likely to be less expensive. Measuring the vapor pressure 
in the free space above a hot asphalt storage tank would be a good way. Better yet and more 
controllable would a laboratory measurement using the Langmuir or the Knudsen methods. In 
any event, such measurements are less important now since EPA data support the results of the 
mass transfer calculation, as discussed below. 

I have reviewed the two publications that you sent. While they don't measure equilibrium vapor 
pressures, they contain enough data to fully support my calculations. Both reports evaluate 
emissions from hot mix or from heated liquid asphalts at elevated temperatures, In the first 
report, "EVALUATION OF EMISSIONS FROM PAVING ASPHALTS" prepared by Accurex 
Environmental Corporation, emissions from a hot, compacted sheet of hot mix were measured 
using various sampling trains and a gas chromatograph/ mass spectrometer (GC/MS) for 
analysis. The results of this study are less applicable to the situation at hand for two reasons: 
First, the hot mix was compacted by hand on a heated "table" before air sampling was initiated. 
This compacting took two people 5 to 15 minutes. The test was therefore measuring emissions 
from a simulated hot, but compacted road surface. (I am sure that the rate determining step for 
the transfer of the volatiles in this case would be migration through the compacted mass and the 
rate would fall off with time.) In contrast, my entire focus has been on loose, uncompacted hot 
mix with significant interstitial volume full of air. The second reason for not using the results 
in this first report relates to the way in which air was entering the sampling chamber (the "burn 
hut") and the way in which it was picking up the asphalt vapors. Figure 3 in the report suggests 
that some of the incoming air would have bypassed the vapor emitted by the compacted asphalt. 
A few qualitative tests with incense or titanium tetrachloride would reveal the streamlines and 
would show that this is probably the case. Thus, the numbers collected in this report should 
have a low bias. Also, with such bypassing, it would be impossible to model the fluid flow 

. .- - 
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pattern and use the data in any mass transfer equation. 

The second report, "EVALUATION OF VOC EMISSIONS FROM HEATED ROOFING 
ASPHALT" by the same contractor, dated Novembe~1991, is more-useful for our purposes. 
In this case, three grades of rooting asphalt were held in a heated kettle and the vapor emissions 
were sampled at three different temperatures. Figure 1 and Figure 2 of this report show the air 
flow across the heated kettle. While the air flow in this case might not be ideal either, 
bypassing is not obvious. Second, because the report used liquid asphalt, the situation is much 
closer to using loose., uncompacted asphalt from the viewpoint of mass transfer, i.e. the surface 
was being continuously supplied with the volatiles. Finally, the report does provide information 
that can be used directly, although the numbers probably have a low bias for total hydrocarbon 
emissions since baffles were used to deflect volatilized, condensed liquid droplets from the 
sampling tube. 

In this report, emissions were measured at three temperatures: The lowest was the temperature 
at which the asphalts were just molten. The second temperature was when the asphalt viscosity 
had decreased sufficiently such that it would have been used to mop a roof. .The third 
temperature was 66 degrees C higher than the second temperature, which is a typical superheat 
temperature for delivering hot asphalt to a roof. Table 1 below shows data from this report for 
the middle temperature, which is closest to the loadout temperature for hot mix plants. The first 
column is the type of asphalt used. The second column is the actual temperature at which the 
emissions were measured. The third column is the VOC emissions, measured as weight loss 
over the duration of the experiment of about 4 hours. The final column is this VOC 
emission/weight loss, normalized to weight loss per hour per square meter of area based on 
information in the report. 

Asphalt Type Temperature voc Normalized 
emissions/ weight loss' 

Weight loss 
"CW F) kg glhr - m2 

Type 1 163 (325) 0.002 3.61 

Table 1: Measured Emissions from Roofing Asphalt 

. 

170 (338) 0.014 25.26 

Type 3 218 (424) 0.013 I I 
Source: "EVALUATION OF VOC EMISSIONS FROM HEATED ROOFING ASPHALT" 
Table 15 for weight loss; p. 31 for time and area data 

Of the results in Table 1, the operating temperature for Type 3 asphalt is too high and these 

23.26 
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numbers are not appropriate for our purpose of estimating vaporized organic emissions from 
loose hot mix. As discussed on page A-6 of my letter of November 7, 1994, the mass transfer 
equation gave emission numbers that ranged from 0.2% to 1.1% by weight of the asphalt used. 
Even at 0.2%, the emissions exceed 100 tons per yzu and the plant- is a major source of 
pollution as defined in the Clean Air Act Amendments. In other words, if the weight loss data 
in Table 1 can be suitably applied to the hot mix example and it shows the same degree of 
weight losslvaporized organic emissions, the case is proved since we would have arrived at the 
same result without using any estimate for the vapor pressure of asphalt. 

There are just three factors that are needed to apply the EPA-determined normalized weight loss 
to the case of hot mix in a truck the time for evaporation of asphalt; the surface area of asphalt 
and the relative air flow conditions for the two cases: EPA experiment vs. truck movement. 

a) Time: Further observations over the past year indicate to me that the best range of 
times to use is from 5 to 10 minutes for each truck. The most representative time is 
perhaps 7.5 minutes on average. This covers the time from the loading of the truck until 
it is covered with a tarp and is driven off the premises, which is generallx 4 to five 
minutes. It includes an allowance of an additional 3.5 to 3.5 minutes to cover the more 
rapid fume evolution during truck filling compared to truck movement. But, careful 
examination of photos 1 to 3 compared to photo 4 suggests that this is a conservative 
allowance and could easily be doubled. 

b) Surface area: In the case of loose hot mix, where crushed stone is coated with a thin 
layer of hot asphalt, the relevant evaporating surface is the entire surface area of the 
loose hot mix, which is close to the surface area of the crushed stone. There will be 
some agglomeration, making the total crushed stone area an estimate with a high bias, 
but it is a good starting point. In the calculation to follow, this is accommodated by 
assuming that the particle size of the slightly agglomerated hot mix is larger than the 
particle size of the crushed stone. 

c) Flow conditions; The air flow across the asphalt was very slow during the EPA 
experiment compared to the air flow over a truck in the open. The plate Reynold's 
number for the truck was 1,400,000 at a wind speed of 5 mph (see page A-2 of the 
November 7, 1994 letter) while the Reynold's number for the EPA measurement, based 
on room dimensions of 2.4x2.4x2.4 meters @. 4) and kettle area of 0.138 m2* @. 31) is 
2,258. Since the mass transfer coefficient varies in proportion to Reynold's number 
raised to 0.8 power, we need to correct the emissions from the lab experiment by this 
factor. 

Tables 2 and 3 show these calculations for various sizes of crushed stone. While a 112" size 
is probably representative of crushed stone used in the hot mix, the larger sizes represent some 
agglomeration of the hot mix. The time has been varied between 5 and 10 minutes. The results 
in Table 2 are for a normalized weight loss (vaporized organic compound emissions) of 3.61 
g/hr-m* while Table 3 presents the same data for a normalized weight loss (vaporized organic 
compound emissions) of 25.26 glhr-m2; both of which are figures from the EPA data presented 
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in Table 1. 

Particle diameter 
inches 

.50 

Table 2: Percent VOC emissions with norm4lized wt. loss of-3.61 glhr-m' 

Time of 5 minutes Time of 10 minutes 

7.48% 14.96% 

Particle diameter Time of 5 minutes Time of 10 minutes I 1  inches 

0.27% 0.53% 

5.00 0.11% 0.21% 

5.00 

Table 3: Percent VOC emissions with normalized wt. loss of 25.26 glhr-m' 

0.75% 1.50% 
It 2.00 II 1.87% 3.74% 
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that the mixture is ideal. For the past 100 years, all types of calculations involving solutions 
and mixtures have relied on Raoult's Law in the absence of experimental data. I would also 
argue that for a material with a high mole fraction, the use of Raoult's law is not a "stretch". 
The crushed stone is an inert material and a seconwhase. It is.not-involved in any way. 
However, I would be the first to abandon this approach should any good equilibrium data be 
available. In the absence of such data, I don't know of any other way to quantify these 
emissions. Do you have an alternate suggestion? 

You agree that a) light compounds have been found in emissions from asphalt plants, and b) they 
have significant vapor pressures as pure compounds. You would like to be shown that a) they 
are a measurable fraction of the liquid and b) they therefore contribute a measurable amount to 
the total vapor pressure. Through qualitative reasoning I will attempt to answer these two 
questions. Visual observations indicate that enough vaporized organics come off heated asphalt 
to form dense clouds. EPA measurements support this as discussed above. My point is that you 
don't need to have a large weight percent of these light ends for this to happen. Asphalt is a 
mixture of very high molecular weight hydrocarbons (with molecular weight from 3,000 to over 
5,000, according to manufacturers' MSDS) and light hydrocarbons with molecular. weight of 
under 200 or 300. Under these conditions, a small fraction by weight of the light fraction means 
many molecules of this material. In contrast, a large weight fraction of the heavy material still 
leads to a small number of heavy molecules. This means that the mole fraction of the light 
fraction is considerable, even when its weight fraction is not. Thus, you don't need a high 
concentration by weight of the light fraction for it to evaporate and form dense fumes. Note that 
the Oestman paper indicates that the asphalt condensates are fairly rich in 3-Mg compounds with 
a molecular weight under 300. 

I will not critique your comments under "EXtraDOhtiOn from MSDS or Lower Exulosive Limit 
&&. You did not have the attachments, and it is unfair to deal with your comments when you 
were unable to read and fully understand these parts of the package. In any event, they are less 
important now. 

3. Release of Light Ends 

I had previously studied the emission factors for organic compounds that pass through the bag 
house, published in AP-42. I was not surprised that these emissions are low. I expect that the 
bulk of the unburnt vapors from the drum or from the pug mill and the vapors from the inclined 
conveyor, all of which are vented to the bag house, condense around the fine particles and are 
captured in the bag house dust. 

In terms of other fugitive emissions, I have noticed fugitive emissions from the top of the . 
storage silo in some cases, but not in all cases. The inclined conveyor which takes the hot mix 
to the top of the silo is normally open at the top but is under a draft induced by the baghouse 
fan. If this draft is not adequate, there will be significant visible fugitive emissions from the top 
of the silo. These emissions occur most often when pressure balancing is poor and there is 
inadequate draft. In one case, the plant added an electrostatic precipitator with an additional 
induced draft (ID) fan just after the electrostatic precipitator but ahead of the bag house. I 

- 

- .  
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expect that this was done to control the draft at the top of the silo and also to reduce the volatiles 
entering the bag house, which might have affected bag life. This booster ID fan was good 
enough to prevent emissions from the top of the silo. Unfortunately, this additional ID fan is 
the exception, not the rule. .- - 

4. Minor Comments 

The mass transfer equation requires the asphalt vapor pressure at the temperature of the hot mix 
at load out, i.e. 300 to 325 degrees F. The temperature used in the mass transfer equation is 
the ambient temperature since it is the temperature of the air that will flow past the asphalt hot 
mix at 300 degrees F. 

You have commented that the diffusion coefficient I used appears to be for heptane rather than 
hexane. I think I took it from the Shenvood, et al. Mass Transfer book, which I no longer 
have and am unable to check it. In any event the value used was a low number. 

I calculated different factors for batch vs. continuous loadout based by applying different loadout 
times for the two cases. As you know, a drum plant loads from an insulated silo at a much 
faster rate than a batch plant. At the latter, the truck has to wait while two or three batches are 
mixed and loaded on the truck, one after the other, with a waiting time of a minute or more 
between the batches. [See photos 1 to 3.1 

In your summary, you state that "it is not clear that the flat plate diffusion model selected is 
appropriate ....'I. I am not sure that I understand the reasoning behind this comment. It seems 
to me that the model would be inappropriate if the rate determining step were the transfer of 
vaporized organics from the bulk of the loose asphalt to the surface, which is not the case. We 
can both argue about the value of vapor pressure used by me in the model; but this disagreement 
is best addressed by using alternate values of vapor pressure in the model rather than by 
rejecting the model itself. This is a minor quibble on my part. Overall, I was very pleased to 
see that you had done a very careful and professional job of giving my work an appropriate 
"peer review". 

No additional response is necessary on the other minor comments since, as noted above, the 
EPA report appears to support the conclusions reached through the mass transfer modeling. 

Summary 

I have attempted to use a mass transfer equation to model and quantify the emissions I observed. 
The technique that I used is not unique and there are probably other better, independent ways . 
to estimate these emissions. Also, I focussed on total vaporized organics since hydrocarbons 
are criteria pollutants and are important to us Since Massachusetts is a non-attainment region. 
Again, I feel confident that you will agree with the magnitude of the problem once you have 
visited a few plants and observed these clouds of organics in person. 

Now that EPA data also support these calculations, I would like to suggest that we continue this 

. -  
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dialog on how best to deal with the implication of this finding. This finding shows that there 
are about 3,600 asphalt plants around the U.S. which are major emission sources, as defined in 
the Clean Air Act since they emit over 100 tons per year of vaporized hydrocarbons. Until 
now, these plants have escaped regulatory scrutiny btcause.these emissions were considered 
fugitive and not quantified. 

cc: J. David Mobley EPA EMAD (MD-10) 
John DeVillars EPA Region I 
Senator John Kerry 
Rep. Joseph Kennedy 
James E. Eklsky MA DEP 

John Seitz, OAQPS (MD-14) 
Senator Edward Kennedy 
Rep. Joseph Moakley 
Rep. Peter Blute 
Lloyd Fillion 
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Photograph 1 shows a truck 
receiving its first load of 
asphalt from the batching 
tower. (Time zero). You can 

- notice the copious emissions 
of carcinogenic VOC’s. This 
plant takes about 1 minute to 
mix a batch so that even a 
small truck, after receiving 
the first load, waits under the 
tower for a minute until the 
next load is dumped. A 
small truck like the one in the 
photograph (6-wheeler) is 
filled with just 2 dumps. A 
larger truck, a 10-wheeler or 
an 18-wheeler, would hold 
more dumps.and would have 
to wait longer under the 
batch tower, emitting carci- 
nogenic VOCs during that 
time. 

Photograph 2 shows the truck 
during this waiting period 
where the first load continues 
to emit VOCs. (Elapsed time 
is about 30 seconds). 



Photograph 3 shows the truck 
just after the second load is 
dumped. The fumes are very 
thick again. (Elapsed time is 
-1 minute to 1 minute 5 sei-  
onds). 

Photograph 4 shows the truck 
moving towards the weigh 
station. The photo shows 
that the fumes are still com- 
ing off the truck but are not 
as dense as before because 
the truck is moving and the 
air is dispersing these VOCs. 

2 



The truck then drives to the 
weigh station and the driver 
goes inside to complete the 
paperwork. After he comes 

'-out, he covers the loaded 
truck and drives off. Photo- 
graph 5 shows the driver in 
the.process of covering up 
the loaded truck. There are 
still significant emissions off 
the truck. (Total elapsed 
time 5 to 5.5 minutes). 

Photograph 6 shows two 
important points. In the 
background, you can see the 
entire plant. THE PLANT 
STACK IS CLEAR. Unless 
you know the plant design, 
you would not be able to 
locate the stack based on this 
picture. YET, THE MASS 

TAL PROTECTION P E P )  
ACCEPTS THAT THE 
VISIBLEFUMES ARE 10% 
O F  THE INVISIBLE 
STACK EMISSIONS. 

DEPT. OF ENVIRONMEN- 

In the foreground, the photo- 
graph shows a water truck 
spraying the roadways for 
dust control. 

3 



July 5, 1996 

Mr. J .  David Mobley, Leader 
Emission Factor and Inventory Group 
United States Environmental Protection Agency 
Research Triangle Park N C  2771 1 

Dear Mr. Mobley: 

.* 

I am writing this letter in response to the four comment letters that you sent Lloyd.Fillion and me 
with your letter of April 16, 1996. I had been waiting for EPA's response to my two letters of 
October 25, 1995 and November 16, 1995 to Ronald Ryan. Since it appears that there will be no 
technical response from the EPA to these letters, I will comment on the other letters and on other 
data uncovered in the interim. 

Overall, I am disappointed that neither the EPA nor any other commentator has responded to my 
two letters mentioned above and their technical content; particularly because they showed that my 
original calculations of emissions of polynuclear aromatic hydrocarbons (PAH) were 
supported by data collected in EPA labs. In addition, I have uncovered information from the 
National Asphalt Pavement Association (NAPA) and their affiliates which also supports these 
emission numbers. This new information will be presented here in section A. The information 
in these various sources leads to the same conclusion, i.e. a) Ihc vapor pressu re of asp halt is 
slenlficant and b) w r y  has avoided re- o-ulatorv scn itinv ' bv not Teuo rting these fuF - itive 
emissions. I am particularly concerned that EPA appears to be headed in  the direction of having 
NAPA measure these fugitive emissions. Since NAPA has considerable self-interest in the 
outcome of these tests, i t  is very important that these tests be designed with citizen input. The 
actual full-scale tests should be preceded by smaller-scale, laboratory tests where more control and 
better sampling is possible. Also, the full-scale tests and sampling should require appropriate EPA 
and third party supervision. 

. .  

The format of this letter will be to discuss this new data first and then discuss the four lelters you 
received, one by one. 

A. New data supports vapor pressure used for original calculation of PAH emissions 

We have found a letter written on August 11, 1994 by Thomas E. Brumagin of NAPA on the 
subject of vapor pressure of asphalt. (Exhibit A). The scientific basis for the assertions in this 
letter is extremely weak and is contradicted by the information attached to the letter. In fact, it 
proves my point that the vapor pressure is at least 30 mm of Hg. 

The first two paragraphs are incorrect. While Mr. Brumagin is correct that the Reid vapor 
.pressure method, a rapid measurement technique, is not applicable for the measurement of asphalt 
vapor pressure, his conclusion that "there is no current test method to determine the vapor 
pressure of asphalt materials" is wrong. Vapor pressure is a thermodynamic property and 
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techniques for the measurements of these properties over a very wide range are available i n  any 
standard book on thermodynamic measurements. For example.the Langmuir or Knudsen methods 
can be used as suggested in my letter to Ron Ryan of November 16, 1995 on page 3, paragraph 
3. 

In the third paragraph of his letter, Mr. Brumagin states: 

"I have attached a figure from which can be utilized to 
extrapolate a vapor pressure for asphalt cement at a temperature of 300' F. I have 
connected the material's temperature of 300'F to an initial boiling point for asplialt of 
750'F. The nomograph yields a vapor pressure of less than 0.5 mm of mercury, or less 
than 0.01 psi." 

' 

In the Supplemental Draft Environmental Impact Statement (SDEIR) on Todesca's proposed plant 
in  Boston, this basic information was amplified by Tech Environmental to read as follows: 

! "research data collected by the National Asphalt Pavement Association reveals this 
assumption (that the vapor pressure was 30 mm. of mercury) to be in error". 

No such research data was ever presented by Tech Environmental, unless information from a book 
labeled "Esso Research and Engineering Company" (see page 206 in Exhibit A) has become 
"research data collected by NAPA"; which appears to be the case. 

The SDEIR (see relevant pages in Exhibit B) goes on to state: 

"Figures from Perrokum Rejnety Engineering can be used to extrapolate a vapor pressure 
for asphalt cement at a temperature of 300°F. The actual boiling point of asphalt cement 
is typically between 900' F and 1000° F. Assuming the lower end of the scale to be 
conservative, the vapor pressure of asphalt cement is actually less than-0.Ql mm of 
mercury, or less than four orders of magnitude than the commenter's assumption." 

The second page of Mr. Brumagin's letter, page 206 from "Perroleurn Refinery Engineering" 
(author and publisher unknown), provides the diagram which has been used to support both sets 
of comments. Since the temperature of asphalt in hot mix at load out is at least 300' F, we are 
looking at different positions along the vertical 300 degree line on page 206. If the reader knows 
or assumes an iniciul boiling point for the hydrocarbon product under consideration, the vapor 
pressure can be read on the vertical axis on the left. Mr. Brumagin assumed an initial boiling 
point for asphalt of 750' F and thereby obtained a vapor pressure of 0.5 mm mercury. Tech 
Environmental assumed an initial boiling point of over 900' F and thereby stated "the vapor 
pressure of asphalt cement is actually less than 0.01 mm of mercury". This same figure also 
reveals that for asphalt to have a vapor pressure of 30 mm of mercury (as I had calculated), the 
initial boiling point would have to be about 525' F. Thus, the issue at hand is to determine 
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whether asphalt as shipped to a hot mix plant from a terminal contains a blending agent 
which has an initial boiling point under 525' F. . .&. . . .- 

All petroleum products are mixtures of many different types of hydrocarbons. At any particular 
temperature, the lighter compounds boil over into vapor while the heavier compounds stay in the 
liquid. This is the reason for considering the initial boiling point as the relevant parameter as was 
done correctly by Mr. Brumagin, rather than use the average boiling point as was done by Tech 
Environmental. Exhibit C contains 4 pages from Chemical Engineers' Handbook, 5th Edition, 
McGraw-Hill, 1973, which succinctly present many details about the entire range of distillate and 
residual petroleum fuels and products. Residual fuels are discussed in the second paragraph on 
page 9-10 in the first column. It describes how different grades of residual fuel are produced by 
blending distillation-tower bottoms with distillates. The same blending occurs at a terminal with 
respect to asphalt cements. Asphalt cements are sold in various grades with different viscosities; 
for example, AC-5, AC-10, AC-20 and AC-30, etc where the number is the viscosity in centipoise 
at a reference temperature of 140' F. The various grades are produced at the terminal by blending 
the appropriate amounts of diesel or No. 2 fuel or lighter distillates such as naphtha with residuum 
or tower bottoms. The boiling ranges of these blended ingredients are shown in Figure 9-2 on 
page 9-8. This figure packs a lot of interesting information. It can be seen that the initial boiling 
point of fuel oils from No. 1 to No. 6 is the same. This initial boiling point is 300'F, which is 
well below the required 525' F for the blend to have a vapor pressure of 30 mm of mercury. This 
commonality exists because all fuel oils use the same grade of distillate (naphtha) for blending, 
using more of i t  for No. 1 oil than for No. 6 oil. (Except that the lighter grades do not contain 
tower bottoms.) Thus, regardless of the specific blending ingredient used, from naphtha to No. 
6 fuel oil, the initial boiling point for asphalt will be about 300' F, close to the initial boiling 
point of the light component. Figure 9-4 shows how viscosity of these blends changes with 
temperature. The vertical axis is kinematic viscosity (viscosity divided by density). The density 
of asphalt cement is 1.04, and for this reason, the graph can be read directly in viscosity units 
(centipoise) for asphalt without much loss in accuracy. It can be seen that the viscosity range for 
No. 6 fuel oils is 6 to 18 centipoise, which basically covers the range of - viscosities ._ of 
commercially available asphalt cements. In other words, there is little essential difference between 
No. 6 fuel oil and the asphalts sold for hot mix. This shows that the comments of NAPA and 
Tech Environmental were based on an incorrect reading of the information in the reference. A 
correct reading of this information would show that a vapor pressure of 30 mm of mercury is 
correct and may be even a little conservative. This high vapor pressure is, of course, also 
supported by visual observations of hydrocarbon clouds during load out. 

B. Response to comment letters 

from Minnesota 

I fully agree with coinments by Paul Kim. Specifically, I agree that "the fact the VOC emissions 
may be substantial, but have not been quantified is disturbing. ..... this issue is definitely worth 
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pursuing as a part of future research" 

The comments of Mary Jean Fenske include a lot of questions which I will answer here. 
4 .- - 

1. In comparison to plants in Massachusetts, the average plant size in Minnesota appears to be 
small. The figure used in my calculations is based on producrion capacity of several plants 
recently permitted by the State. The hourly capacity is generally around 300 to 400 tons per hour 
and thus, the maximum potential output is much larger. I have found the proposed batch plants 
to be somewhat smaller than the proposed drum plants. Thus, it is possible that the plants in 
Minnesota are predominantly of the batch type. It is also possible that the median plant size in 
Minnesota is larger than 100,ooO tons/year. In a segmented market, the smaller plants often serve 
the home driveway market, while the larger plants sell the bulk of the hot mix sold in the State 
and are involved in selling hot mix for repaving of the state and Federal roadways. 

2. The ratio of asphalt cement in hot mix that I used was taken from the permits that I have 
reviewed. I have seen higher numbers; for example, the Todesca plant's permits state that their 
asphalt cement consumption will be 10%. 

3. The calculation shown is correct. However, batch plants tend to emit more hydrocarbons per 
unit  of output because a truck waits uncovered under the mixing tower for a long time as several 
batches are mixed and dumped into the same truck. In contrast, a drum plant's silos unload 
continuously and the truck is loaded faster. For a batch plant with 100,000 tpy capacity, I believe 
that a range of about 40 to 65 tons per year would be an appropriate figure for fugitive emissions 
from loadout. The only reason why this number is less than that derived by me for Massachusetts 
is because of the lower average plant capacity in Minnesota. 

4. There are two methods available to control these emissions of hydrocarbons. The first is to 
totally enclose the truck loading area. This can be done through an enclosure that has four sides 
and a roof. This enclosure is exhausted either to the bag house directly or to the bag house after 
some of the condensible organics have been removed with an electrostatic precipitator such as the 
"Smog Hog". This device is specifically sold to the asphalt industry by its equipment suppliers 
for removing condensible organics that lead to "blue smoke". Obviously, such an approach 
requires opening and closing of the doors to the enclosure each time a truck is being loaded. This 
can be avoided using the "air knife" technology that is used in the European mining industry to 
allow trucks to go in and out of buildings during winter. This approach places a curtain of high 
velocity recirculating air across the entrance or exit so that outside air does not have free access 
into the building. In Boston, a particular proponent has proposed an open shed, open in front and 
back, as an alternative and such a shed has been in operation in their Rochester, MA, plant. 
Based on visual observations at the Rochester site by several individuals including the staff of the 
City of Boston Board of Health and Hospitals, this approach does not work. 

The second approach has been proposed by David Sprogis of Boston, a person with over 30 years 
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of construction experience. He says that the best approach is to have portable plants that are 
located at or near the place where the pavement b laid down. - This way, a particular 
neighborhood does not have to endure the fumes all the time. I believe that the State of South 
Dakota has already embraced this approach. 

Wiscnnsin 

The first three paragraphs under "Asphalt Cement" deal with properties of this material. 
Information presented in  Section A of this letter refutes the statements made here. 

I find the fourth paragraph confusing. While my letter clearly dealt with fugitive emissions 
released during truck loading and truck travel, this paragraph deals with what happens inside the 
drum and with stack emissions. I have never disputed EPA's AP-42 numbers for stack emissions. 

Under "Moisture"the contention is that the visible emissions are probably moisture. 4 s  stated in  
my  letters, i f  this were so, one would expect the steam to dissipate with a clean edge and not 
spread out in a cloud of blue smoke with no distinctive boundaries. I am very familiar with EPA- 
suggested protocol on observing stack emissions and the Ringelmann technique. The author 
assumes that the residual moisture evaporates to steam during truck loading. It is more likely taht 
this would occur when the asphalt is sprayed onto the hot stone and gravel and that this 
evaporation occurs in the mixing drum and is captured by the control device for the mixing drum. 
Nevertheless, by using the volume of the cloud created during this step, as measured off 
photographs, it can be shown that the moisture in the cloud would not reach saturation and 
therefore would not be visible. This calculation is presented in  the response to the Cambridge 
Environmental letter. 

The release agents in use today are mainly water-based, detergent-rich foamy materials. I have 
never attributed VOC emissions to this source. 

I agree with the comment that emissions increase when recycled asphalt pavement is used. 

The issue of asphalt content of hot mix has already been addressed. - 
It is interesting that NAPA has already concluded that "We also believe that we are dealing with 
a relatively minor source of air emissions from the typical asphalt facility". I am also not sure 
what NAPA means by "avoiding action that might further inflame the local situation in 
Massachusetts". 

- -. 

. 

These comments lend weight to my concerns that critical tests to measure fugitives are being 
designed by an industry group with a considerable financial interest in the outcome of the tests. 
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Overall, I have serious concerns of how the EPA, the regulatory Agency, can allow "the fox to 
guard the chicken coop". . A  .- 

from m e  Environmental 

This letter was a result of work done by Cambridge Environmental for the Town of Uxbridge, 
Mass. In a public meeting in Uxbridge, Dr. Zemba, the principal author of the letter, reversed 
his position and stated that he now believed that the calculations are in the correct range, or only 
modestly overestimate the actual emissions. Specifically, he said, " When I originally looked at 
the calculations, I thought that these were grossly overestimated. I can see your point though and 
they might not be overestimated by as much as I originally thought." He also admitted that he had 
not studied my two 1995 letters to the EPA until after the report draft had been submitted. Thus, 
my critique of his work will be relatively short. 

His critique of the use of mass transfer equation is that there needs to be adequate interoal mixing 
within the liquid. It can be shown, assuming that molecular mixing, the slowest possible process, 
is rate controlling, that the flux of molecules of the volatile fraction to the evaporating surface can 
be sustained. 

Before presenting this calculation, I want to reiterate the mechanism of mass transfer. 

1. The first step is the diffusion of the light fraction through the bulk of the asphalt liquid to 
the evaporating surface. The asphalt is hot, at 300 F, and has a viscosity of about 2 
centipoise at this temperature, very close to that of water. It is present as a coating on the 
particles of crushed stone and the evaporating surface is the total surface of the stone or 
a slightly smaller surface area because of agglomeration. 

The light fraction evaporates from this surface. 

The vapor is removed from the interstices because of its buoyancy and because 2 air flow 
across the top surface of the loose pile of hot mix in the truck, which creates a draft and 
"pumps" the vapor from the interstices. 

2. 

3. 

The mass transfer equation calculates a mass rate of 21.1 g/s for the third step. (See page A-2 
of my letter of November 7, 1994.) Thus the question is whether the first step, molecular 
diffusion, is capable of supporting this rate of mass transfer. 

The integrated form of Fick's law can be used to address this question: 

mass rate (g/s) = D*A*M*AC/Ax 

where D = diffusion coefficient 

Ravindrii 1M. Nadkami, 340 Frenklin Street, Wrenthnm M A  02093 
(508) 384-7889 EMiiil: nedkarni@gis.net 
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A = area 
M = molecular weight of light fraction . .~ 

AC =concentration gradient 
Ax = thickness of boundary layer 

.- .- 

The diffusion coefficient for water is 2*lO.' cm2/s. Assume that the diffusion coefficient for the 
light ends in hot asphalt is Based on data on diffusion in polymers', this assumption appears 
reasonable and conservative since the viscosity of asphalt at this temperature is about the same as 
that of water. 

The area of the evaporating surface, based on an effective diameter of 2" (consistent with Tables 
2 and 3 of my letter to Ron Ryan of November 16, 1995) is 107cm2. 

The molecular weight of the light fraction is assumed to be 150. 

The concentration gradient is C,, - CNrfacc. Since the material is evaporating at the surface, CsudaaFs 
is zero. C,,, can be estimated at 0.1 g/cm3. This is probably a low estimate since EPA 
measurements* would indicate that the VOC content of this material would be about 29% or the 
concentration could be as high as 0.29 g/cm3. 

Finally, the limiting film thickness under agitation, the Nemst layer, has been estimated3 to be lo3 
cm. Since there is little or no agitation in  this case, the film thickness can be increased by two 
orders of magnitude to 0.1 cm. 

Based on these parameters, the mass transfer rate is 150 g/s which is more than adequate to sustain 
the mass transfer in the third step. Also note that in this calculation, every parameter used was 
valued conservatively and this shows that molecular diffusion is not a slow step under these 
conditions. 

In the second paragraph on page 2, the authors present two footnotes that piovihe global 
conclusions, yet the conclusions can't be verified since these are not real references but their 
opinions. Similarly, in the second half of this paragraph, the authors miss the point that hot mix 

1. Sherwood, Pigford and Wilke, "Mass Transfer", McGraw-Hill, 1975, page 46. 

2. "EVALUATION OF VOC EMISSIONS FROM HEATED ROOFING ASPHALT by 
Accurex Environmental Corporation, EPA-60012-91-061. November 1991, Tables 3 to 11. 

3. G.F. Kortum and J. O'M. Bockris, "Textbook of Electrochemistry", Vol. 2, 403 - 
405, Elsevier Publishing Co., Amsterdam, 1951. 

Ravindra M. Nadkarni, 340 Franklin Street, Wrentham M A  02093 
(508) 384-7889 Ehlail: nadkurni@gis.net 
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in a truck is a loose pile which has a large surface. The authors also misstate the viscosity of 
asphalt. The viscosity of water is 1 centipoise while th$ of asphalt cement at 140' F, depending 
on the grade, varies from 5 to 30 centipoise, as given in specific Material Safety Data Sheets, and 
drops rapidly with increasing temperature, so that it is in the range of 2 to 4 centipoise at 300' F. 
Nowhere have I seen it to be 50 centipoise at the operating temperature. 

On pages 3 and 4, Cambridge Environmental calculate the cooling of the surface based on heat 
transfer to the air. These calculations are summarized in Table 1 on page 5. The numbers in the 
Table show that there is something seriously wrong with their calculations. This problem might 
be the result of their not understanding the nature of the actual surface at which the light ends 
evaporate. In Massachusetts, the minimum temperature of hot mix at the delivery point, as 
defined by Mass Dept of Highways' regulations, is 275 9. Colder hot mix is rejected. The table 
shows that any truck could never leave the plant doors since it would cool down to below this 
minimum delivery temperature in one minute. In reality, while the total evaporating surface will 
cool down because of evaporation, heat transfer from the heated stone and gravel to the surface 
keeps the temperature more or less constant. This is the reason why asphalt trucks can deliver hot 
mix to a site as far as 50 miles away. 

I will not discuss their nitpicks about vapor pressure since this has been dealt with in Section A 
of this letter. 

In the third paragraph on page 7, they discuss the mass balance calculation. I am afraid that the 
authors make several claims that are incorrect. For example, they state that "the fume 
concentration .... was taken in a study of asphalt fumes generated at much higher temperatures 
than those of interest to an HMA asphalt facility". This statement is not quite correct. The 
Hansen paper4 only mentions the temperature at which the asphalt mastic is transported in a 
closed, heated container; not the temperature at which it is applied after it is transferred to the 
work site in small buckets. 

, In  Hansen's work, the concentration of hydrocarbons was measured as condensed pa;tic;lates with 
personal monitors. Even if water vapor were present, it would not have been measured. Thus, 
they measured only hydrocarbons and not hydrocarbons plus water. Thus, their statement that "a 
portion (perhaps substantial) of the cloud may be water vapor and not condensing VOCs" is 
incorrect as is their conclusion. 

Finally, it can be shown that the visible emissions are not water, based not only on visual 
observations of the absence of a disappearing cloud of steam but also on calculations which show 

4. E. S. Hansen, "Cancer Incidence in an Occupational Cohort Exposed to Bitumen 
Fumes", Scandinavian Journal of Work, Environment and Health, Vol 15, No. 2, (1989) 
pp. 101 - 105. 

Ravindra hl .  Nadkarni, 340 Franklin Street, Wrentham MA 02093 
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condensation under conditions when such clouds have been observed. If 10 lb of water are present 
in 5 tons of hot mix, (page 7, paragraph 3) and the vdume .of the cloud-is 510 cubic meters or 
18,000 cubic ft. (see page A-5 of my letter of November 7, 1994), this moisture increases the 
humidity of ambient air by 0.008 lb. water per 1b.of dry air. A review of any psychrometric chart 
will show that this incremental amount of moisture would not lead to visible condensation of 
water, except perhaps on a very humid July day. These are not the conditions when such 
emissions have been observed and photographed. 

Finally, the authors quote an EPA emission factor for pug mills in batch plants to attempt to 
discredit the calculations. They conclude that the EPA emissions factor is "about an order of 
magnitude smaller than Dr. Nadkarni's estimate for truck loadout", or my calculations are too 
high by an order of magnitude. The pug mill area in a batch plant is totally enclosed therefore 
the conditions under which the organics are removed from this enclosure are quite different 
compared to truck loadout, where there is a high relative velocity between the hot mix and air. 
Second, my calculation has focused on total organic emissions, not just VOCs. Since EPA 
analysis of asphalt fume2 seems to indicate that VOCs are only about 29% of total emissions, it 
would appear that the EPA emission factor, when adjusted in this fashion for total organics is 
within a factor of 3 of the numbers calculated in my original paper, even under these poor 
evaporative conditions. 

Please call me if you have any questions 

Ravi Nadkarni 

cc: Ronald Ryan, OAQPS (MD-IO) 
Senator Edward Kennedy 
John DeVillars EPA Region I 
Rep. Peter Blute 
Lloyd Fillion 
Norma Marshall 

John Seitz, OAQPS.(MD-14) 
Senator John Kerry 
Rep. Joseph Moakley 
Rep. Joseph Kennedy 
Konrad Schultz 

Rnvindn M. Nadknrni, 340 Franklin Street, Wrentham MA 02093 
(508) 384-7889 EMnil: nndkami@gis.net 
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7.20 Ravindra M. Nadkarni, P.E. 

Received from: 

Date: October 20, 1994 

Ravindra M. Nadkami, P.E. 
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7.20.1 Emission Sources 

available. a calculation of vapor pressure has been developed. Figures 
from Pefm[eum Refinery Engineering can be used to emapolate a vapor 
pressure for asphalt cement at a temperature of 300°F. The actual 

Figure 11. Potential Air Emission Points, is reproduced from the EPA 
publication AP-12 and indicates all potential emission points at the 
facility. A complete list of these points, both fuel combustion and 
process fugitive, is included in Section 5.12, Source Emissions and 
Stack Data. 

Quantifying fugitive emissions is difficult, at best, as demonstrated by 
the lack of estimation techniques published in the Hot Mix Asphalt 
section of AP-42. Where possible, howeve:, these sources havk been 
estimated (see Section 6.1.3, Fugitive Emission Estimates). More 
important are the controls to mitigate any effect from these fugitive 
sources. Tne proponent has proposed an extensive list of fugitive 
emission controls in Section 6.1.2 for each.possible PM,, or VOC 
fugitive source at the facility. 

7.20.2 Fugitive VOCs from Asphalt Trucks 



exposed to the air really has the opportunity to participate in VOC 
emissions. The analysis done by the cornenter assumes there is 
unlimited supply of these light end VOCs at the interface surface. This 
is not SO. 

No emission estimation techniques have been developed by DEP or 
EPA to quantify the fugitive VOC emissions from asphalt trucks. 
However, the most recent edition of AP-42 (July 1994) does state “there 
may be slight (emphasis added) fugitive VOC emissions from transpon 
and handling of the hot mix from the drum mixer to the storage silo and 

.- also from the load-out operations to the delivery trucks.” The evidence 

.- - * 

e rather far-fetched emission gue- 

7.20.3 MEPA Review Thresholds 

See Response to Comment 7.20.1. 

- 

7.20.4 Lowest Achievable Emissions Rate (LAER) 

LAER is applicable to new, or modified, major sources of pollution in a 
non-attainment area. X major source ofNO, or VOC in the Boston area 
is one with potential emissions greater than 50 tom per year (tpy). 
Potential emissions of this plant are 6.5 tpy of NO, &d 0.081 tpy of 
VOC; hence, LAER is not applicable. 

7.20.5 Air Toxics 

This analysis has been-conducted. See Section 5.1.4.4 within the Air 
Quality Modeling Assessment section. 

7.20.6 Emission Sources 

Emission rates from a drum mix plant are different than those for a 
batch plant, as demonstrated in - 3 2 .  The correct emission rates for 
the site’s drum mix plant continue to be used in the SDEIR. 2 

7.20.7 Truck Washing Facility 

Truck bodies will be sprayed with an asphalt release agent prior to 

the truck body. The release agent will be POLY-SLIP, which is a non- 
loading wi th  hot asphalt to prevent bonding of the paving material to 

petroleum aqueous-based release agent. There will be no truck washing 
on-site. 

- 

- 
R l z z o  A S S O C I A T E S ,  I N C .  

, 
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9-8 FUELS 

Table 9-8 .  Approxirnde Woighli end Heating Values p r  Cord of 
Fuel Woods' 

.+VliilbiC 5e.r :qu,.aicnt in 
~ !Vtqbt per ilniu per iord. : i c i t  value to 

c o d .  Ib. million B.:.c. :ON of ~ m l i  
I 

\ . h e r )  oiivood ' Green .+ir dry Green .AI: ~ C:em ' .+ir dn. 
i s h .  white.  . . . . .  1300 . 38W 19.9 20.5 6.:: . 0.79 

. B e d . .  . . . .  . j  mo 3903 19.: . 10.9 . .Ti ~ .80 
Birch yellow . .  .: 5 l W  1wO 19.4 30.9 .T5 : .60 
Chermur . . .  .: 1900 : 2700 12.9 l5.6 .3 ' .so 
Cononwood . . , .: 4200 ' rn 12.7 i5.0 .19 ' .58 
E h r h i i a  . . .  .I +100 3100 15.6 . 17.: . .61 . .66 
!iickoF . . . . . .  i 5 7 W  1EQa 33.1 11.5 . S 9 .  .95 
)Irplc. m p ,  . .  .: 5ow 39w 10.4 21.5 .:5 I .81 
Maple. red . , . .: 1700 : 32W 1 3  19.! .65 . .73 
Oakred . , . , .: 5sw ' 3w !9.6 
Oak whte  . . .  . !  5 6 w  4300 21.4 
pine. yciIow . . .  .! . . . . . . . .  ?!.I 
Pinc.white . . .  .I . . . . . . . .  !1.9 l i .2  

. .  .: . . . . . . .  . . TI . 

LIQUID PETROLEUM FUELS 

Tbe principal liquid hclr arc made by kactioml distillation of 
petroleum icmde oil). which is a mixture of hydrocubom and 
hydroearban derivatives rangjng in molecular weight hom methane 
to hem). bitumen. As many as h d i  the molecuier in cmde may 
contain nrlfw atoms: and some Contain nitrogen. ox).zen. ~ n n d i u m .  
nickel. or arsenic, depending on the cmde source. Desulfurization. 

hydrogenation. cracking 'to iowcr nralccdar u-eisbt!. m d  other 
reanin$ pracesrcr may be p e k m e d  on selected hactions before 
they are blended and markc:rd a helr. i?ieorir).-~avity.boil. 
in$ range relationships o i  the more common hielr are shoxn in 
Fig. 9-2. 

The  highly viscous oil that k joireit-ea;acwd irom tar ran& 
on a limited commercial scde is alsa a gade of cmdc petroleum. 
By hyd-agenation and svbscqucnt refining. i t  is mnvencd into 
conventional petroleum p r d u r d .  

Specifications. Broad specif.cations developed by the .+merim 
Society for Testing and Materids are widely used in the G'nited 
States to clarsik fuels into types. Taajie 9-10 show- .+.S.T..\I. Burner 
Fuel Specification D 396. Some loa--rulhu residual l e k  of his! 
wa.. content do not c o d o m  to the .i.S.T..\I. categories because they 
require heated storage and handling Like So. 6 but. when warm. 
are in the So. 5 viscosity range. Some indurtrul helr fall bcween 
S o .  2 and So. 4 in g'avicy ana viscoiity and u e  covered by agee. 
mentr esrdulished between seller and purchaser. 

Equipment manufactures and large-volume users : m i l i t q  
services. government agencies. ziiiincr. utility companies. corpora- 
tions) often write their own Sei  spccificarions to suit paniollar 
equipment. operating conditions. and economics. Son-standard test 
procedures and restrictive test limits should be iroided in rpecifiea- 
tionr: they reduce the availability of he1 and increase its cost. 

In drawing contracts and m a h g  acceptance tests, n is aRisable 
to refer to .\.S.T.hl. Standards. Pans 17 and 18 i.herican Socie- 
for Testing and hiatenah. Philadelphia annual!. Pan IT contains 
most of the pertinent t a t  me&& and also mntains specifications 
iclassifications) for fuel oil. motor and miation guoline. diesel fuel 
oil. aviation and gas-turbine fuel. Pan 16 contains additional p m  
cedures. including A.S.T.hI. D 270. .\lethod of Sampling Pctrolewn 
Products. with detailed sampling procedures for bulk oil in tank. 
barges. etc. 

\rood. . . . . .  
A i = .  . . . . .  
G.rb.pc . . . . . . . . . . . . . . .  
C o m d  iabiw-wiihei . . . . . . . .  
C o a r d  Icll-"ln?l . . . . . . . . . .  
Coatrd bbrir-wn?l . . .  
P>lrcLhrlcnc sim . . .  
io,m--rrrp . . . . . . . . . . .  - rrpe--rrrwrovc:cd glrrr . . . . . . .  

. . . . . . . . . .  

64.9 
93.6 
532 
812 
60.67 
61.06 
99.02 
75.73 
15.06 

1W.W 

20.0 

. -.O 1o.n 

i.n4 

0.15 

-1 

1 . 3  
1.45 

9.7' 
0.51 
1 . 2  

1.0 ., j 

16.0 

11.39 
6 . S  
1.19 

25.x) 
58.:; 
0.13 

-. 

I, I 

0.05 
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Chemical and Physical Properties. Pwoleum fuels consist pri- 
muily of pmffins. hopamifins. 3romit:c1. and ndphthener. plus re- 
lated hydrocubon denvativer of su*c. oxygen. and nitrogen that 
were not removed by rehing. OI~LIS are absent or nezligble 
except where created by cnckiing or xher  severe refining. Vans- 
dium kind ntckel compounds arc l o ~ v  5 volatility and do not distill 
into the So. 1 and Xo. 2 fuel oil hc:icrd. Vacuum-tower distillates 
with a final boiling point equivalent :o YO to IEO'F. at atmos- 
pheric pressure are wcuionally ~ v a i h o l e  z fuel not conforming 
with .LS.T.lI. rpecihtions and may contain 0.1 to 0.5 p4.m.  
vanadium and nickel. 

The black. viscous distillation-towe: bottoms (residuum') may b e  
taken directly from the still and bur& as industrial fuel witbout 
cooling below 45O'F.. or may be blcnded into the residual fuels 
ofcomme:cr. Diluted with .j to 30 ; t distillate this becomes 
So. 6 %el 011. or it may be cut back to 30 per cent distillate 
to make So. 4 and 5 fuel bilr  Lor c rcid use. as in schools 
and apartment houses. Dirtillate.reildual blcndr are rlio used as 
diesel h e l  in Iar:: irationay and IC-W enenes. Hawcvcr. distil- 
Ihtes w i t h  imdequate soivent pow:: :rill precipitate dsphaltener .. and other h i ~ ~ - m o l e ~ u l a r - , . e i ~ ~ t  c om "visbroken" iseverely 
heated! :eriduilj. .i biotter tert. D 1731. cm be used to 
detect sludge in pilot jlends. Ce tests. fiitiatian tests, and  
microscopic esamimtion have also lcto used. 

So. 6 fuel oil contains I O  to jni 3.p.m. vanadium and nickel 
in complex organic molecules. pnnciylly porpiiWn~. which cannot 
econamicall,v be rehned out of b e  xi, Salt. sand. NS:. and dirt 
may also be present. avinq So. 6 1 3vical ash content of 0.01 to 

sponding bailer slag. 
H?-dro:en content of petroleuni 5 k s  conTe!ates appro.-ately 

with spec& r a i i t y  and can be riculated ?om the folloutng 
iomull. ir-hich is m u r m  to c i t i l o  h u t  1 per cent for petroleum 
liquids :hat contain no ruifur. watt. or ash: 

H = 26 - 1% (94) 
where H = per cent hydrnqen. 2nd I = specific B a n N  at 
W'i60'F. Schmidt ;'Fuel Oil \ l dmd ."  3d ed.. Industrial Press. 
Sew Yo&. 1969) improves the prcc3on of the formula by replacing 
26 with 34.50 for fuels of 0 to 9'.4..P.I. gravity. 5.W for 10 to 

Tobl. 9-12. Tvoicd Slaa horn Boil., Fired r i l h  Nd. 6 fuel Oil' 

Superheater I Oil an. deposit. 
"I c. 

!O'.i.p.I. p v i v .  5.20 for 31 to 3O'.i.P.I. >gavi& and 5.43 for 
11 :o G'.i.P.I. p v i t y .  

Cra\ity is usually 6c:cmined at  zcbient temperature with spe- 
:ialired hydrometerr. corrected to WF. .  and e.~~prerred % degcer 
\ .P.I..  a scale that b reiated inw-.ciy to rpecifrc p v i t y  s at 
3'iW'F. Y follo~vi s t '  ilso the abs:Sra scale of Fiq. 9-31: 

(9.9) 
,I' j 

De-eer .i.P.I. = - - 131.5 
s 

The hydroeen con!e?t. heat of cmbustion. thermai cparuion. 
ipccific heat. and h e m a l  conducti\i;: data herein WCIC Abstracted 
Lorn Bur: Standard3 Jlirc. P u l l .  rrmal Properties of Petrc. 
lcum Products. T'hnc data are reproduced and used. al- 
thou& the ori=nal bullrtin har been oat of print more than 3 
ycm. and althuqh ?ewer conelatiom have appeared. notably that 
by Linden and O t h e r  [Clwm. €n& 544.5). April and )lay. 1947j. 

Heat of combustion also correlates with fuel gravity and can be 
estimated to within I per cent from Fie 9-3. Corrections for water 
and iedimcnt m u t  be applied ior reridual fuels. The cancctionr 
arc generally insi@xmt for the direilatc fuels bemuse oi the low 
concentration of there impwities. 

Vicority.tempcnhue relationshipr for typical petroleum fuels u e  
shown in Fig. 94. Prtmleum bels henvecn the tempenme limit5 
of solidification nnd npodzation and at pmrures of l eu  than 1Mx) 
Ib./sq. in. are pnctiull? mewtonian liquids. But at'low tempera- 
olm where solids be& to repantc. pcmlcwn fuels bemme non- 
n e w m i a n  and the ,%carity b dependent on the n t e  of shear. 
Pour point rmgs from < - W'F. for some kcmsenc-ppcjet fuels 

to > i ll5.F. for warr. So. 6 fuel oils. and the viscosity.tempenture 
relationships in Fig. 9 4  are mot valid at tcmperaolra n e u  the pour 
point. 

The b o p  in viscosity with increarinq tempenolre h conriderably 
steeper for some furh than for 0the.s. Centralized viscosity c h a m  
become less reliable at tempenolra substantially removed From 
the specification tcmpnhtres of IW or 12.F. 

The earlier marine dnignntions of Bunker Fuel OiL are being 
abandoned in the United Statu. Biinker C b no'w conridered an 
alternative "me foor So. 6. Orignrlly. Bunker C and B were fuelr 
in the upper and lower viscosity m g u .  respectively. of the So. 6 
clssificntion: and Bunker A was a So. 5 fuel. 

Fuel systems foor So. 6 fuel oil are urually designed to preheat 
the furl to So to EO'F. to reduce the viscosity for handling and 



5 

OJ ~ . \  \ A  I 
-30 0 30 'C: ' 5 :  !:O !:C iT 

- I - : r : . . . l . .  .F 

ho. 9 4 .  Vircorityrsmpcnmrr tclndo,mi.:;, i:: wpieri perm 
IrYm fuuell. 

to heat the furl to 16j to LOO'F. to :.we the viscosity funher 
for proper -Ltomiation Stcnm oc e!c<:T.c heating of liner is em- 
ployed as required >? climatic~con2lisr~. length of line. and frc- 
quene! of "EL Fuelr oi So. 1 g~?? ii li$ter are not' usuolly 
preheated: one ewepi(ao is that i n d m : 5  gli turbines often require 
preirentiny So. 1 fuci 3ii io a siscm;;: ;i !2 centirtoker or less for 
cold starts in \vimer. 

The thermal expansion of petrole::: ?~e lr  can be estimated by 
the use of the followky coeficienrs. ::T;rtrred .LS volume change 
per unit volume per 'F.: 

,A.S.T.>i..I.?. Pctroleiim \leasiirezic:.: Tables ;.4.S.T..\.i. D 1 2 3  
or I.P. ?oOt. pihiirhed by .America> .'x:ety for Terting and >late- 
611s. should bc used ior volume czr1;:ions in commercial mans. 
actions. Pressure re!icf rmngemen:j m y  be required on sections o! 
heated pipe lines where bel  could ?.e -advertently closed between 
valves. Fuel ciln crpmd revenl per cent between €0 and 2 E ' F  

The specific heat ai petroleum liq:iOr between 32 and 4OO'F., 
having a specific Twity of 0.i5 to 0.H ilt 6o'/W'F.. can be  cnlcu. 
lated within 2 to i per cent of the e\?crimcntal values kom tht 
foliowing qua t i an :  

(9-10 

where c = specific heit. B.t.u./:lb.' :F.: or cal./lg.X'C.): t = tern 
peraturc. 'F.: and 3 = specific p\<y. €0'/M)'F. Specific hea  
varier u.ith temperamure. and an d b m c t i c  werase of the speciei 
heats a t  the initVal and final tempcrrrva can be wed for calcula 
lions related to the heating or cooling of oil. 

The thermal conductivity ai liquid petroleum pmducts I) 
B.t.u./(hr.!(rq. ft.!i'F./in) is givco in Table 9-13. Thermal 
conductivity coelfiuirntr for sphnl t  md paraffin wax in their soli, 
States are 1.2 and 1.6. rrrpcctivcly. :or tempemtura Zbcvc Z2.I 

Commercial Conridentianr. Furb are sold in gallons. and i 
multiples of the +?.sri. barrel mi. outside the United States. i 

0.m i n . I : ~ t  e =  
I 

JON-PETROLEUM LIQUID FUELS 

Conl.tar fuels are :n& 53m the %<k-hoiling irac:ions \aver 
bout +jO:F.: ai :hr i r d e  LAC produced by cake o*'enr and coal 
etorti at gas works T i c  sdilable  des range from liquidr of 
;I) rec. \ i smsi t?  A t  iWF.  Rcd~vood So. I! to il pulr-erirnble pitch. 
:hcmicoily they ace x r x e ,  ai hydroulrbonr. phcnolr. and hetetc- 
:yclic n i t ropn .  ox\-qtn. ind sulfur r:mpounds. They are much 
nore aromatic than ;croJic~um fuels and burn with a more iuminous 
lame. suihxr s: :?n:cntr are urudly low, Tie aih. unlike 
,rt:oieum Irh. is h i c  in ilkdine e1r.h elements and ussally free 
,f rawdium. T:?ir:i ilitimnte ansl?iar are shown in Table 9-14, 
l v e r  the temperaw- ::?re of RO to XO'F.. thermai ?ropertie5 

jpc : .a~  heat. 0.2 4): therm! conductivitv. O.@O to 0.W 
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Dr. Ravinda M Nadkami, P.E. 
340 Franklin Street 
Wrentham, Massachusetts 02093 

Dear Dr. N a d k e .  

. ._ . OFFICEOF 
AIR CluALllV PLANNING 

AND STANDARDS 

We have received your letter dated July 5 ,  1996 regarding the four comment letters 
which we received on your proposed method of estimating hgitive emissions from loading hot 
mix asphalt into trucks. We regret that until now we have not sent you a statement of our own 
position after receiving the comment letters. 

We do not have any specific additional technical comments beyond those contaihed in 
Mr. Ron Ryan's letter to you of September 5,1995. However, after reviewing your letters of 
October 26,1995, November 16,1995, and July 5,1996, and the four comment letters received, 
we continue to believe that there are significant uncertainties associated with some of the 
assumptions needed to apply a theoretical approach. Therefore, we feel that some bench-scale 
or full-scale testing is needed before we can consider endorsing an estimation technique for this 
source. Mr. Ron Myers of my staff is coordinating with the National Asphalt Paver's 
Association on this testing and can be reached at (919) 541-5407 should you have any questions 
or comments. As always, public review and comment is welcome at any stage of the process. 

Sincerely, 

Ad- # David Mobley 
Leader 

Emission Factor and Inventory Group 

cc: James E. Belsky, MA DEP 
John Courcier, USEPA Region 1 
Lloyd Fillion, Coalition Against Asphalt Plants in Boston 
R. Gary Fore, National Asphalt Pavement &sociation 
Ron Myers, EFlG (MD-14) 
Ron Ryan, EFlG (MD- 14) 
John Seitz, OAQDS (MD-IO) 
EFlG Emission Factor Team 
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Mr. LIoyd Fillion, Chair 
Coalition Against the AspMt plant 
563 Massachusetts Avenue 

. Boston, lliIassaChUSetts 02118 

~ DearMr.Fillion: 

.... ...,..,.. ......... 

- 
Enclosed per your telephone request of April 12, 1996 are copies of the four responses we 

have received from our February 8,1996 letter requesting comments on Dr. Nadkami's proposed 

"............. .................. 
...-................_...........-................... 

t method for estimating kgitive emissions from the loading of hot mix asphalt into trucks. In 

addition to comments from the three parties who were originally sent our request, we have also 

received comments from Mr. Stephen G. Zemba of Cambridge Environmental, Inc., who 

telephoned us on February 16 to request copies of the materials. Please contact Mr. Ron Myers 

of my staff at (919) 541-5407 for details on the proposed action plan by the National Asphalt 

Pavement Association 

Sincerely, 
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NATIONAL ASPHALT PAVEMENT ASSOCIATION 
NAPAButlding 5100 Forbes Boulevard = Lanham. Maryland20706-4413 = Tel (301)731-4748 Fax'(301)731-4621 

Mike Acon. President 

.- - 

April 1, 1996 

Mr. J. David Mobley, Leader 
Emission Factor and Inventory Group 
United States Environmental Protection Agency 
Research Triangle Park, NC 2771 1 

Reference: FEBRUARY 8, 1996, LElTER FROM MOBLEY, US. EPA TO FORE, 
NATIONAL ASPHALT PAVEMENT ASSOCIATION 

Dear Mr. Mobley: 

The National Asphalt Pavement Association (NAPA) appreciates the opportunity to 
provide input as requested in your letter of February 8, 1996. Your request and the 
attached documentation have been reviewed carefully by NAPAs Emissions Task 
Force. This is the same group which worked with Ron Myers and the Emissions 
Factor and Inventory Group over the past five or six years. Most recently, this group 
has worked with Dennis Beauregard and others to effect a credible and effective 
Emissions Inventory Improvement Guidance Document (EIIP). 

NAPAs Emissions Task Force is made up of Hot Mix Asphalt (HMA) contractors, 
HMA plant manufacturers, and other technical experts in the Industry who are close 
to the process and have a thorough technical knowledge relating to air emissions. 

After considerable discussion, we agree with the EPA that many parameters in the 
theoretical approach to estimating truck load-out emissions are subject to significant 
scientific conjecture. We also believe that we are dealing with a relatively minor 
source of air emissions from the typical asphalt facility. Regardless of these 
conclusions, NAPA is anxious to cooperate with the US. EPA to pursue more 
credible and cost effective ideas for estimating truck load-out emissions that are 
grounded in empirical data. This is entirely consistent with our long standing 
relationship with the U.S. EPA Emissions Factor and Inventory Group. Our goal would 
be to work with EPA on this project while avoiding actions that might further inflame 
the local situation in Massachusetts. 

- -. 



April 1, 1996 
- Page 2 of 2 
J. D. Mobley 

As you are probably aware, representatives from NAPA's Emissions Task Force met 
with members of the Emissions Factor and Inventory Group on March 13, 1996. As a 
result of that meeting, we have agreed to explore some cost effective ideas for using 
data based techniques to estimate truck load-out emissions. Our group has a 
planned meeting on May 2, 1996, at which time we will put our combined talents to 
the task of generating an action plan. We will stay in touch with the Emissiops Factor 
and Inventory Group staff for purposes of communication and coordination. 

Thank you for the opportunity to offer input and to work with EPA on this subject. 
NAPA values the long-standing partnership with your group and track record of 
mutual objectives accomplished. 

Sincerely, /' 

R. Gary $& 
Director Regulatory Affairs 

RGFIgmm 

Ron Myers 
Dennis Beauregard 
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Cambridge Environmental Inc 

March 29, 1996 

58 Charles Street Cambridge, Massachusetts 02141 
617.225.0810 FAX: 617.225.0813 E-mail:camenv58@aol.com 

. ,A. . . .  .. 

Ronald B. Ryan, P.E. 
Environmental Engineer 
Emission Factor and Inventory Group 
Office of Air Quality Planning and Standards 
US. Environmental Protection Agency 
Research Triangle Park, NC 2771 1 

Dear Mr. Ryan: 

Thank you for forwarding the additional materials on Dr. Nadkarni's calculations of volatde organic 
compound (VOC) emissions from hot mix asphalt (HMA) as it is loaded out onto trucks. We write 
per your invitation to submit comments on Or. Nadkarni's calculations. 

Our comments were developed as part of our work for the Town of Uxbridge, Massachusetts, for 
which we are sewing as a third-party reviewer of a proposed asphalt plant. We initially received 
Dr. Nadkarni's comments from the Town's Board of Health, who themselves received a copy as 
part of comments on the proposed asphalt plant. We have considered Dr. Nadkarni's 
calculations in some detail, and wish to submit these comments for your own consideration of his 
analysis. 

We appreciate Dr. Nadkarni's effort in attempting to derive emission estimates for this process. 
Based on our analysis, however, we believe that his emission estimates overpredict the actual 
levels of VOC emissions from HMA loadout (perhaps by a large margin). Both his calculations 
and our critique, however, are based on a simple analysis of a complex process. Uncertainties in 
these calculations are substantial. The best way, in our opinion, to quantify VOC emissions from 
this process would be to measure them in a well-designed field study or experiment. 

Please write or call should you have questions on our comments. 

Sincerely, 

Steohen G. Zemba. Ph.D.. P.E. Richard R. Lester 
Senior Engineer ' Staff Scientist 

enc. 
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Comments on the Estimation of Emission of Volatile Organic Compounds 
from Hot Mix Asphalt During Loadout onto Trucks 

Stephen G. Zemba, Ph.D., P.E., and Richard R. Lester 
Cambridge Environmental Inc. 

March 29, 1996 

4 

Dr. Nadkami has applied an empirical, but well-tested (in some applications) method to predict 
the emission rate of volatile organic compounds (VOCs). The equation he employs predicts a 
mass flux of a contaminant as the product of a mass transfer velocity and a concentration in air 
(the film-layer concentration) that would be expected to be found just above the surface of the 
liquid that is evaporating. The key to the calculations lies in estimating representative values for 
each of these parameters. The typical approach that Dr. Nadkami follows is to estimate the 
mass transfer velocity from an empirical correlation that considers (1) the physicaVchemical 
properties of both the contaminant and air, (2) meteorologic conditions, and (3) the size of the 
source (in this case, a truck bed). Similarly, he uses another typical assumption in which vapor 
pressure is used as a surrogate for the film-layer concentration. 

Dr. Nadkarni's methods have been employed by engineers in a multitude of applications. We 
have had experience using these equations in attempting to predict the rates at which 
contaminants evaporate from polluted surface water. The fundamental question, however, is 
whether the methods are appropriate for predicting VOC emissions from hot mix asphalt during 
loadout onto trucks. 

t 

Based on our experience and review, we believe that Dr. Nadkami's calculations overestimate 
actual VOC emissions during loadout, at least by a modest, and perhaps by a substzntial; 
degree. The two main reasons that the calculations overestimate are:. 

e the mass transfer correlation is applied to a physical situation quite different than what it 
was designed for, and does not account adequately for resistance to evaporation within 
the liquid phase; and 
the film-layer concentration is likely to be lower than that predicted by Dr. Nadkami 
because the surface temperature of the asphalt, which controls the potential vapor 
pressure above the liquid phase, is likely to be cooler than the bulk (center region) of the 
asphalt load. 

a 

Cambridge Environmental Inc 
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The mass transfer correlation derives from the results of experiments in which volatile 
compounds were evaporated from liquid pools. The equation assumes that molecules of a 
contaminant are available to evaporate at the surface of a pool. To provide this condition, an 
adequate level of internal mixing is needed in the liquid40 provide a fresh-source of molecules at 
the surface. In a one component system (e.g., pure liquid water), mixing is not an issue because 
all of the liquid molecules are the same (and hence some molecules are always available at the 
surface). The mass transfer equation was designed for such one component (pure substance) 
liquids. 

In other situations, however, the adequate mixing needed to supply molecules at the surface 
cannot be assumed. As an example, we attempted to apply the same methodology to a surface 
water impoundment contaminated with methanol, a fairly mobile organic compound.' The 
emission rate predicted by the mass transfer equation was ten times greater than that measured 
in field tests.' The mixing situation is even more difficult in the case of asphalt. HMA is largely 
solid aggregate material, and while sitting in the truck, only a thin coating of asphalt cement is 
exposed to air. Wind cannot penetrate the liquid portion of the asphalt to mix it and thereby bring 
new molecules of volatile organic compounds (VOCs) to the surface. To move from the center or 
bottom of the asphalt pile to the surface, VOC molecules would have to rely on molecular 
diffusion, a process that literally requires years. Thus, the bulk of VOCs present in HMA loaded 
onto trucks is simply not available to evaporate at the surface. 

One could counter that there is a sufficient mass of VOCS present solely in the surface layer to 
account for the evaporation rate predicted by Dr. Nadkarni (0.75 Ibs of VOCs for 5 tons of HMA). 
A second process, however, is likely to limit the mixing required for mass transfer in the surface 
layer. Specifically, liquid asphalt, even at a temperature of 300°F, has a viscosity roughly'50 
times higher than that of room temperature water (HSDB, 1996). This much higher viscosity 
inhibits the wind-blown mixing needed to bring new VOC molecules to the surface. 

' This methodology is in fact the one recommended by the U.S. EPA. 

Some of this difference may have been due to differences in meteorologic conditions 
assumed for the modeling and those present during the field trials, but we believe that at least 
part of the difference resulted from the fact that liquid-phase resistance (Le., the mixing 
necessary to bring contaminant molecules to the surface to evaporate) was not considered in the 
mass transfer calculations. 
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Another factor that suggests Dr. Nadkami's estimates of VOC emissions are too high relates to 
the thermal properties of HMA. Specifically, HMA is a relatively poor conductor of heat? which 
has two implications. First, it provides a sufficient amount of time to allow transport of HMA to a 
job site and application before it cools and hardens. -Second, and of importance to mass transfer 
calculations, the low thermal conductivity induces a significant temperature gradient from the core 
of the asphalt to its surface. This means that the surface temperature of HMA will cool faster 
than the internal temperature. A cooler surface temperature implies a lower vapor pressure, and 
hence a lower emission rate per Dr. Nadkarni's calculations. 

The temperature of the HMA leaving the batch tower is more or less uniform, so the rate at which 
the outer surface cools is of importance. Some sense of the rate of cooling can be obtained from 
basic heat transfer calculations. To do so, we apply the solution of transient conduction in a 
semi-infinite media. The asphalt is assumed to be at a uniform initial temperature of 300°F, and 
exposed to surface cooling by wind. A graphical solution to this problem is available from 
Incropera and DeWitt (Figure 5.16, p. 206). Estimating HMA surface temperatures as a function 
of time after loading requires (1) properties of asphalt andair and (2) an estimate of the 
convective heat transfer coefficient. The latter parameter can be estimated from the heat transfer 
correlation for a flat plate, which is directly analogous to the mass transfer correlation employed 
by Dr. Nadkarni: 

h X r  Nu = -= 0.037 Pri"[ ReTq5 - 15,500 ] 
' a  

where the terms are: 
Nu 
h 
ka 
Xr  
Re, 
Pr Prandtl number of air. 

Nusselt number (a dimensionless parameter); 
convective heat transfer coefficient (W/m2-K); 
thermal conductivity of air (Wlm-K); 
total length of the plate (m); 
Reynolds number based on the length of the plate; and 

The same values used by Dr. Nadkami for X, (10.67 m) and Re, (1.4 x lo6) are assumed. 
Typical values of Pr and k, for air are 0.7 and 0.03 W/m-K, respectively (Incropera and DeWitt, 
1981). Using these values in Equation (l), a convective heat transfer coefficient h of 6.3 W/m2-K 
is found. 

The thermal conductivity of asphalt is listed to be 0.062 Wlm-K, which (as examples) can be 
compared to the conductivities of glass (1.4 Wim-K), brick (1 Wlm-K), and water (0.6 W/m-K) 
(Incropera and DeWitt, 1981). 
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For the semi-infinite solid solution, the temperature difference between the interior of the asphalt 
(9 and the surface of the asphalt (T,), divided by the temperature difference between the interior 
of the asphalt and the ambient air (T,), is a function of time and properties of the asphalt: 

,:.a. . \ . .  . --  .- 

where the undefined terms are: 
t 
o! 

kh 
cp 
ph density of asphalt. 

time after HMA loadout onto the truck (s); 
thermal diffusivity, which is equal to thermal conductivity (k,) divided by the 
specific heat (cJ and density (ph) [a=k,/(cpph)] (m*/s); 
thermal conductivity of asphalt (W/m-K); 
specific heat of asphalt (Jlkg-K); and 

Values of 0.062 W/m-K, 920 W/m-K, and 21 15 kg/m3 are obtained from Incropera and bewitt 
(1981) for asphalt. These values yield an a value of 3.2 x 10 m Is. 

Table 1 lists asphalt surface temperatures derived from the graphical solution (Incropera and 
DeWitt, 1981), assuming 300°F and 70°F for temperatures of the internal asphalt and ambient 
air, respectively, and using the property values above. After a period of 30 seconds after 
loadout, the surface temperature is predicted to cool 23 degrees F, from the initial temperature of 
300°F to 277°F. After three minutes, the surface temperature is predicted to cool to 249°F (a 
decrease of 51 degrees from the initial temperature). Surface temperatures at additional times 

'are listed in Table 1. 

- 8 2  

A cooler asphalt surface has impottant implications to Dr. Nadkami's calculations, since he 
assumes that the film-layer concentration ( c ,  from his terminology) is equal to the asphalt vapor 
pressure, and the vapor pressure in turn depends on the surface temperature of theasphalt. 
Based on the discussion of vapor pressure below, one would expect c, values at a surface 
temperature of 300°F to decrease by factors of about 3 and 10 at surface temperatures of 275°F 
and 250°F, respectively. To calculate the effect of decreasing surface temperatures on Dr. 
Nadkami's emission rates, one must consider the integrated effect of surface cooling, since the 
asphalt surface temperature starts out at 3OO0F, but continually decreases after it has been 
loaded on the truck. We estimate (based on such an integral) that consideration of a changing 
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.. .,. . .*. .  

surface temperature would decrease Dr. Nadkarni's estimates by more than a factor of four over 
the first three minutes after loadout: 

.. 9 .  . 1 .  .- 

Table 1 ' ' Estimated surface temperatures of asphalt loaded onto trucks as a 
function of time after loadout 

Comments by the US.  EPA (Ryan, 1995) have raised a number of questions. Dr. Nadkarni uses 
a molecular diffusion coefficient of 0.093 cm% in air, which is appropriate for a relatively low 
molecular weight compound such as heptane. For a higher molecular weight compound such as 
anthracene, a value of 0.0324 cm% is more appropriate. If one assumes the latter value to be 
more appropriate for asphalt vapors, Dr. Nadkarni's emission estimate would decrease by a 
factor of two. 

Perhaps an even greater uncertainty is associated estimating the vapor pressure of asphalt. Dr. 
Nadkarni demonstrates three methods for estimating vapor pressure, and we, like the US. EPA 

- -. 

As a quick summary of this calculation, we assume that the vapor pressure is 113 its initial 
value after 30 seconds, and 1/10 its initial value after 3 minutes. If f is the fraction of the initial 

vapor pressure, the time-dependent curve is well described by the equation f = e-pJ r , 
where p is a value of 0.18, and t is  in units of seconds. Integrating this equation over a time 
period from 0 to 180 seconds (3 minutes), an average fvalue of 0.24 is found, which implies a 
four-fold lower emission rate than that calculated by Dr. Nadkarni. 
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(Ryan, 1995), have serious concerns over whether the methods are relevant. In particular, Dr. 
Nadkarni states (p. A-3, 2nd pgh.) that the logarithm of vapor pressure should be proportional to 
the inverse of absolute temperature. Such a plot is shown in Figure 1. In this figure, the three 
vapor pressure curves are drawn from the vapor press@ at room temperature (0.0001 mm Hg, 
or 1.32 x lo-' atm, at 70°F) to the various boiling points considered by Dr. Nadkami (1 atm [by 
definition of boiling] at 700, 800, and 900°F). Vertical lines are drawn at temperatures of 350, 
300, and 250°F. 

............................ ............................ .............. .................... ............................ ... ._ 

................... \\-\ ...... .... ......................... 

~~ ................................ Range at 350 F .̂ _____ __ .................................... ............. ................................ ....... .... ................................ ................................. ................................ 
~ ~ _-.___ _____ 
............................. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : : : : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

Range at 300 F rn ................................ .......... ............ rn 
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lT 0 m J  ............................ ~ Rmge a1250 F 

- ......... b a 

I 
/ > # D O  

ksDF p 
!E06 

pop . ....... --- 
lE-0, 
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gure 1 Asphalt vapor pressure (atm) vs. inverse temperature (lldegrees R). 

i 16 

In Figure 1, the points at which each vertical line intersects the vapor pressure lines represents 
the range of possible vapor pressures. For 300"F, the typical temperature of HMA, the range is 
approximately 3 x 10"' to 1 x lo3 atm, which equals 0.2-0.8 mm Hg. This range is considerably 
lower than the value of 30 mm Hg used by Dr. Nadkarni. As further evidence that Dr. Nadkami's 
estimate of vapor pressure may be too high, his own calculations (method 1) assume a 
temperature of 19O"C, or 374"F, which is significantly higher than the typical asphalt temperature 
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of 300°F. Extrapolated downward to 300"F, his own method would yield a vapor pressure on the 
order of 1 mm Hg. 

We suspect that part of the discrepancy between our simple analysis'(Figure 1) and Dr. 
Nadkarni's techniques results from the fact that asphalt is not a single compound, but rather a 
mixture of compounds that boil over a range of temperatures. To complicate matters, asphaltic 
concrete varies in composition and grade. Mixtures blended with lighter hydrocarbons may well 
exhibit vapor pressures on the order of 30 mm Hg. For example, HSDB (1996) provides a 
reference to a vapor pressure of 19 mm Hg at 300°F. Thus, it is difficult to estimate a vapor 
pressure appropriate for use in calculations of type made by Dr. Nadkami. 

The final method Dr. Nadkarni uses to support his emission estimate is a simple mass balance 
calculation based upon an assumed concentration present in vapor clouds that he has observed 
from above asphalt trucks during loadout. We have two comments regarding this method. First, 
the upper-end fume concentration of 260 mg/m3 was taken in a study of asphalt fumes generated 
at much higher temperatures than those of interest to an HMA paving facility? and thusmay 
grossly overestimate VOC concentrations present in vapor clouds. Second, a portion (perhaps 
substantial) of the cloud may be water vapor, and not condensing VOCs. The aggregate drying 
process is not 100% effective. If, for example, a residual water content of 0.1% remained in the 
HMA, 10 Ibs of water would be present in 5 tons of HMA, an amount that can be compared to Dr. 
Nadkarni's emission estimate of 0.75 Ib per 5 tons HMA. 

As a whole, we believe that Dr. Nadkarni's calculations overestimate the true levels of VOCs 
emitted from HMA loaded out onto trucks. As pointed out by the U.S. EPA (Ryan, i995), if 
fugitive emissions of VOCs were of the magnitude estimated by Dr. Nadkami, one would expect 
to see much higher emission rates of VOCs in batch plants that collect dust and vapors from the 
pugmill (mixing) area where the asphaltic cement is first introduced. The VOC emission factor 
listed in US. EPA (1994) corresponds to only 0.085 Ibs VOCs per 5 tons of asphalt - about an 
order of magnitude smaller than Dr. Nadkarni's estimate from truck loadout. 

All factors considered, we suspect that Dr. Nadkarni's emission estimates are at least IO times 
greater than actual emissions. There are, however, considerable uncertainties in both his 
analysis and our critique. The best way to resolve these uncertainties, as noted by Dr. Nadkarni 
and the US. EPA (Ryan, 1995), would be to conduct a direct, well-controlled experimental 
investigation that takes into account the critical factors related to asphalt loadout (e.g., HMA 
temperature, drying efficiency, grade of asphaltic cement, efc.). We would strongly encourage 
the US.  EPA, the National Asphalt Pavement Association, or other national agency to conduct 
such a study, since its results would be beneficial to all HMA plants. 

. -  

The study also involved a different process - indoor use of mastic asphalt. 
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State of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES 

Tommy G. Thompson, Governor 
George E. Meyer, Secretary 
Ruthe E. Badger, District Director 

Southern District Air Program 
2801 Coho Street, Suite 101 
Madison, Wisconsin 53713 
TELEPHONE 608-273-5600 

FAX 608-273-5610 
TDD 608-267-6897 .- - 

March 29, 1996 FILE REF: 4500 

Mr . J , David' Mobley , Leader 
Emission Factor and Inventory Group 
Office of Air Quality Planning and Standards 
US Environmental Protection Agency 
Research Triangle Park, NC 2771 1 

SUBJECT: Commenls on Estinlatioii of hg i t ive  Emissions from Hot Mix Asphalt Paving 

Dear Mr. Mobley: . . 

I have been forwarded your request for review of the potential fugitive VOC emissions from the 
production of hot mix asphalt (HMA). I have dealt with this source category for the previous 7 years 
involved in a technology transfer team consisting of representatives of the Department of Natural 
Resources and the industry. I would like to comment on some of the assumptions that Dr. Nadkarni 
has used to make his calculations. 

' Asphalt Cement 
Formation of asphalt occurs in still bottoms in very high temperatures. These temperatures are 

not seen in the dryer drum or the pugmill where the asphalt cement is added to the dried aggregate 
which produces mix at 300 - 325 degrees. 

Cracking of the asphalt would be seen in stack emissions tests & blue haze. In other studies on 
asphalt fumes, the temperature of the material would have to be elevated over 600 degrees to extract 
any fumes. The contention of loosing 1 % of the asphalt cement content to thermal cracking would not 
likely be acceptable to the design of the mix. _. ._ 

Blending two types of asphalt with different characteristics is common in the industry but the 
resulting asphalt cement is not blended with light ends such as naptha or kerosene for use at hot-mix 
plants. This is more likely to occur in the prodJction of cutback asphalts for sealants. These cutback 
asphalts would not be used in a hot mix plant. 

Location of the mixture point may have something to do with emissions of VOC's. A drum mix 
plant would have the higher emissions as the aggregate & asphalt are being mixed in the drum. Drum 
mix plants are constructed, however, to have veiling by aggregate rotating through the drum. The 
introduction of asphalt into the drum is shielded from contact with the flame by a veil of aggregate. If 
this would cause excessive organic compound emissions, you would see significant "blue smoke" from 
the stack . 

-; 

,I ,e 

. 

Moisture 

moisture may be released upon contact of,the hot material with the surrounding air. 
Inherent in aggregate, even dried aggregate, may contain I-2% moisture. Some of this 

In air - as hot gasses contact cooler air could cause steam plume (we see more often in the i 
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morning when first started up.) 

Release agents as a potential source of VOC's 
Plants had previously used #1 or #2 diesel oil sprayed into truck boxes (small amount) so that the 

material would not stick to the truck box. Advances in the state-of-the-art now gee other release agents 
being used k c h  as lime water. More information can be researched on these agents from our 
Department of Transportation if needed. 

Recycled Asphalt Pavement (RAP) 

RAP when there was sealcoating on the old road bed. 

Asphalt content of mixes 

5 - 6.3% rather than the 74% used by Dr. Nadkami. 

In summary, based on the physical information of asphalt cement and knowledge of the process, I 
would believe any significant emissions of VOC's would be seen from the stack. It is hard to 
determine where loo"+ tons of emissions would be created in the process downstream from the dryer 
drum where this material is colder than when mixed. Quantification of fugitive emissions from the 
truck loading may be dificult but could be undertaken with monitors placed above the load-in point. 
Some of the visible emissions witnessed by Dr. Nadkami may have been water vapor. 

Thank you for affording the State of Wisconsin the opportunity of commenting. If you need any 
further information, I can be reached at (608) 273-5600. 

.a. . . 

. 

We have seen an increase in the organic compound emissions.of HMA plants. when processing . 

According to industry representatives, the asphalt content of the mixes in Wisconsin range from 

t 

Sincerely, 

_ _  
Lynda M. Wiese 
Air Program Supervisor 
Wisconsin Department of Natural Resources 

cc: AM17 - Ralph Patterson 

, 
i 
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tidal Support Team (ATAST) conducted'm inves$gation 
at 1825 Jake Alexander Boulevkh: in Salisbury:,North 
ed upon rcquest by the MooresviSIe'jRegional Air b&ty 

a residential area northeast of &:facility. The prim@y 
e ambient. impact of BTEX Cberizene, toluefle.;ethyl 

an Asphalt temhal .  ATAST ,@mbers J i m  Eiowyer, 
gEcompanjed by Donna Coo&.&d Debbie:M&ng 

i: .Office and Larry Ettel of I n q  As@&. 
. .  , .  , . .  .. . .  . .  . .  . . .  ,:.bAm: F Q R / ~ G A T I ~ N  .. 

? 

. ,  

. .  
I . i 

suhgtteil ... to . . ATAST by Mike Landis, Mo4resVilk 

es.'induding..the s q h g  itinerary were 
&e.&istigation. me facility as well  
i o r & l  Air Quality Office prior ro our 

.30, ?998.:&ter several odor complaints w 

. :  . ( '  . :  
. ,  . , ,  . . ,  , . .  . . ,  . . . .  . - .  

. ,  : I ~ w E ~ T ~ ~ A ~ Q ~ ~ : ~ ~ Q ~ . D ~ R . E S  . , , : , ,  . . .  

Debbie MRnning of the Moorefiville Regional Air,Quality: ~ 

out '1030 on April 23, 1998: A brief meefhg 
halt was conducted up00 ATAST's arrivd.at.the ,: 
be facility maintained a, high level of coo&ifion 

kxted for air sampling includdan open liquid:'aip+lt . . . .  . 

during loading, an upwind site, a downwind sire..and 
SI: of the Organic Vapor Ana&zer (OVA), iopible 

at the selected locations. I. 
. .  
i:, ,, 

, .  

i n r y ~ ~ ~ ~ ~ ~ d ; ~ ' ~ ~ ~ ~  . . 

' Tbe fo1lowing~~~le:~spla~ys.  . . . . .  .; the dqqted BTEX concentrations for t h r e  of:.the five Sm.M 
c ~ s t e r . s J m ~ l e s ~ c o ~ ~ ~ ~ ~ u ~ g  . . ..! ii this &uestiga&on. :. , . Quantifeation of the. R&&P& (Tnmang2) and 

' d1e.Tank 15 YeGt :(&&33) S w  . :Cail i$t iI  hcunplcs could not bo"cun?'+te:D due to $olarilc 
Qrg&ic c~m~i&ijd~~.d~nc&tracions e s t ~ ~ a t e d  to be well above the calicration range &d the 
&dance oi$erkpp$ngpollutim .., . peaks: These samdes, delivered to the QAQ TOX~CS P+zctibn 
h&ratory c,nacrCh&-Of-Cu%tody, . .  W i r E  anaiyzed on' April 25, 1998 usiug,the:'F&igan Ma$num 
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: !  . .  . .  , 
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LOCATI~N 

Upwind - 1 EO 
East of RR 

- ~ 

Downwind 
Fenceline 

Residential 
234 West 
Colonial 

Benzene a.20 .:: : 
Toluene 

'. 
Benzene 4.20 
Toluene , ' 0.30 .: 
Ethyl benzene <0.20 ,, 

TotaIXvfenes; ~ . 0.16 ~ 

~~ ', , ' . .  
Benzene .' . . -0.65 /i 

Toluene " .  1.88 
Ethylbenzene' , , . <0.20 
TotalXylenes: : 0.52 :. 

oxic ,air &wants tentatively identified in the, fiie S U M  
is investig.ati&. As previously mentioned quantification of B 
.in the Lyrdhi~Z.ar~I  InrmurO3 samples could not &conducted d 

# over la~~g,peaks .  The other toxic airpoUutanti,'acetic acid an 
-levels in :&e upwind. downwind, and ,iesi&&al S& 
'due to k&k of i u ~  calibration standard. 

. . , .  . . .  . ,  
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ables &unarize Bm,X co-trations detected by the @rtabie GCIMS 
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' ,  .The following.,fa&displays results.&'f;ehe .Org&nic Vakr Analyzer.samples~coi~~ected duri 

, ,  . : . . . . ., . , : , .  . . , . .  .. . 
I investigation. ' / .  ' I  

, .  . . .  . .  
. .  . . ,  

. .  , .  . .. 
' . ,. 

, :; . ,  

. .  
, .  . .  

. .  . .  . .. . .  . . .  .., :: . .  

., . . .  
i .  ' CONCLUSIONS 

, .  , .  
, .  

. .  ,. . ' '  
. .  , .. . .  

Fa&y Assessment Summary . , .. 
. ,  .. . . .  
.I 

, . .  
. , .  , .  . . .  

: . kFAAST's , .  .. .gok . . .  of.&isessiig . ,  . ,he +bi&t &npact of emisgions from the Inma&pbdt Term&al.was. 
). ' me$ by perfo-g ~ ~ s & p l m g  thiougbithe use of SUMMA canisters, the pbrtable: . .  GC/MS,':&idthe 
j , 'Organic ! Va&~'knd~z&at several !locations in and wound the facility. iC&ntly. the&,ue no 

'devices in place::f& contmjling fugitive e&sions during railcar unloading, tanker truck load&g,.and 
ktorage tank fiIGng; . AT,GS.Trecom$en& that the Mooresville Regional Air: Quality Office assist 

. .,!the,Inman &ph&tTeh&h , ., .. In deveh$ng a'control strategy for these fugitive emissions. This 
j. , ~~omrnendation / .  fs e&qon the sigdficht emi,ssions of BTEX comp~d. . f rorn  the railcLiihatGk 
i L0.b rhc srorai ;= . :~~: . .~~: ,~c 'ne .  A&~c&& ++&lints n1ay warrant &c nee+ perfonn:cb~.puter 
,: , modeling. ... Theproxi$ty of the .p"perry boundaries to the emission souices may chall4nge the 
:. faiility duringia i~odeling.:.exer~~se.'~ During the investigation ATAST briefly met withkkveral 
;. j&'iden&, . ,  from &d ., '. &&hb&hood nodeast of the ' h m  Asphalt Terminal. Tk'midents expressed 
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t of a'VegetatiOQ buffer along Jake Alexahdkr.Boultvard:for the : 
tigatid;li as well as a&hetics. ATAST also/:&co&en& . . , ,  , &at the 

Ijty'OffiCe. examine the concept of a vegetation buffer in additionto 
i T e 4  ;&developing P fugitive emissions con&ol: strategy:; :These 
by Ctieryf.Bgehring. an Inman Asphalt Termih$con$ultant. . .  during.a 
ATAST:me&er.William Ste-inmeb. 

alityj c6hpiaints. ,. . , . . . 'against the hman ~ s p h a ~ t  
east of $efaCility. Thedore, complaints 
wind.cod,di&ns. :. . .. It. should:& noted that weah& conditions dddg this 
y and &tk&rly winds. Asphalt-l ikeo~o~s~~e~e:not enc&tered 
d oi th< hm& Asphalt Terminal during this %vks,tigarion. Hbwever, 
ors ,wek:enaount&d at the facility's downwinitfenceline.: Upwmd, 
e l e s ,  cdkcted by' the portable G U M S  in th&vIcinily of the kunan : ~ p h n l t  TM rcve&&estimatedben~nc, toluene, and xylene c o n c ~ t r ~ n k  below OiO2;pp@v, 

. I  . . . . .  . , , .. 

~~&ethyl .be i iene  :.. concentkitions . . re+di$g.0.04 ppmv. As previously mentioned. ethyl bee&ne.is 
i.:cu&t.iy not .hsted:as .a Nogh CaroljnaToxic.Air Pollutant and therefore 8-s not.bav& <:heah- 1. 
b & d  f e n c e l i n e . ~ & ~ ~ t  & shndard.or.AAL. (Acceptable Ambient LeveI).' !TbelSUMh4A &is@rs 
&kected at t$e~s.&el&arions (upwindidownwind. and residential) which:'+ere & a l y d  with the 

igk G:UMS res4ted.h. estimated concentration3 rangikg.,between <0.20:70.65. . .  

:30-1.%8 ppbv for.toluene. and 0.52-1.57 ppbv for total.xylenes. 
.; :: i . I .  .. . . .  

U A k p t a b k  Ambient Level (AAL) for: behzene .is 0.W'ppbv 
c&b.to the.Agency for Toxic Substan@&id Dis-ease Regi.stry 

ns in$&+ ai.r typically range from 2.8 io ZblppbV? Furt&more, 
B backgr&&rural air monitoring site associakd with. the Paw Creek , '  

b) average&.:O;22 ppbv from August 8, 1996 thro&gh August, 11,':1997. 
ebe&ne toncentration af0.65 ppbv encounte&h:af 234 West Cobni.al . .  

&e& 7 typic& of clean air. 
. .  , 

toluene is 1227 ppbv averag 
on Agency, toluene concentrations 

Thefore, tlie toluene concentrat 
typical for: urban and suburb 

. .  

. .  

':The Accept$t$e JhbIerif @vel (A&) 'for xylene is 610 ppbv averaged: over i 24-hoGperiod. 
.According to the hTSDijxylene con&tr&tions in the industrial areas aid cities.ofthe Uni&;States 
. .  

.. . 
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