EXAM   CE/AE/EnSci 524A  Name…Dr van SOLUTIONS
1. The engine and transmission sounds in a specific truck amount to 75 dB at cruising speed.  Tires add 70dB.  If the driver elects to play her radio at 75 dB to “drown out” the noise, what sound level will she be exposed to? (2)
The driver will be exposed to 78.2 dB (answer f).
This can be calculated as follows Lp  =  10 log [ 1075/10  +  1065/10   +  1075/10]   = 78.22

Of course, an obvious shortcut would be to observe that 75 dB twice = 78 dB.

2. A road (one lane each way) has an average traffic flow rate of 2000 vehicles/h (both ways total).  This results in a mean sound level of 70 dBA at a distance of 30’ from the center line at ground level.  (9)
a) How many vehicles per mile at 40 mph?

(2000 veh/h)/ 40 mph  =  50 vehicles per mile

b) The sound level in a building 80’ away and 60’ high.

Distance to top of building = 100 ft  (from 3:4:5 triangle)
[Can also be derived from (802  +  602)1/2]
Sound level  =  70 dB  -  20 log (100/30)  =  70 – 10.45  =  59.6 dB

c) The sound level in this building at peak traffic levels, which is double the average rate?

Double the noise   =  73 dB  -  20 log (100/30)  =  73 – 10.45  =  62.6 dB

OR  just    59.6  +  3  =  62.5 dB

d) List the assumptions you had to make to do this calculation.

Double traffic = double the sound, not influenced by vehicle spacing

(If the noise is mainly due to individual cars, more cars would not increase noise level.)

The noise distributes along a hemisphere.

Noise reduces proportionally to the square of the distance from source.

There is no interference from other structures or any amplification or damping by the building itself.

NOTE:  Both (b) and (c) could have been calculated from the empirical relationship used in Ontario: 




Leq =  42.3  +  10.2 log (Vc  +  6Vt)  - 13.9 log D  +  0.13S  ~ 64 dB
This gives a value which is high compared with the fundamental approach.

Ldn =  31  +  10.2 log (AADT  +  T%AADT/20)  - 13.9 log D  +  0.13S,

based on the annual averages gives a better value, because of the lower constant.

3.  Which six mechanisms are responsible for particulate collection under varying circumstances?    (12)
	Collection Method
	Circumstance

	Gravitational settling


	Equipment only utilizing gravity as a method is the gravity settling chamber. This collector is generally meant to filter out larger particles (D> 50 μm) with settling velocities > 25 ft/min. This Collection method is low cost, but has a large volume (so a large space must be available).  

Gravity, as a process, is paired with other methods in the all other PM collection equipment operations.  



	Centrifugal impaction
	Equipment utilizing this method includes the cyclone separator and the cyclonic spray tower. The cyclone separator is efficient at removing particles greater than or equal to10 μm in diameter.  Like the gravity settling chamber, it can be used as a first stage collector in removing larger particles.  



	Inertial impaction
	This process is most common in collecting larger particles.  Inertial forces do not allow for larger particles to diverge and pass around an inceptor (as w/ the case for smaller particles).   All five major equipment (gravity settling chambers, cyclone separators, wet collectors, fabric filters, and electrostatic precipitators) depend on inertial impaction.



	Direct Interception
	As stated above, smaller particles follow streamlines diverging around the inceptor; however, they can still be collected at the edge of the inceptor where contact is most likely.  The same equipment as stated above utilizes direct interception.  



	Diffusion 
	This method targets the smallest particles (1 μm or less).  These particles, through random motion/diffusion, land on the collector.  Often, to maximize the efficiency of these collectors, the inceptor is coated to promote adhesion (to ensure the small particle does not bounce off).  Wet scrubbers, fabric filters, and electrostatic effects (all highly effective at collecting small particles) utilize diffusion as a process.



	Electrostatic effects
	Very effective at removing small particles with a given charge; however, cannot be used around explosive gasses.  Electrostatic precipitators use this method for collecting PM.




4. A coal with an ash content of 5% is burned in an underfed stoker.  The heating value is 11,000 BTU/lb.  What is the collection efficiency required to meet a standard of 0.1 lb/106 BTU for particulate matter? (based on an average emission factor)? (3)
From Table 5-4 underfed stoker fits into the category of ‘other stokers.’  Therefore:

PM=9-17 lb/ton coal burned.  I will use the upper limit (17 lb/ton) in calculations.
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Standard: 0.1 lb/106 BTU

Removal Eff.: ((0.77-0.1)/0.77)*100= 87%  

5. The maximum atmospheric mixing depth for a given day is 230 m.  The normal temperature is 27ºC.   The adiabatic rate for the given day is +0.025ºC/m.  What is the actual temperature at ground level? (5 pts)
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6. How are concentration levels for NAAQs determined (2 pts)?

The primary standards- those enforced by the EPA- are set to ‘protect public health’ (66, Davis, Wark and Warner).  In other words, concentrations NAAQ Pollutants above the primary standard may have negative health effects on the population – specifically the elderly or those with lung/breathing problems such as emphysema or asthma.  Secondary standards, which ‘protect public welfare’ (i.e. visibility, damage to animals, crops, vegetation, and buildings, www.epa.gov), are equal to the primary NAAQs, or not enforced in some cases (such as carbon monoxide).  

Under the current process, each NAAQS is reviewed every 5 years. In this review, many types of information and analyses are considered. The EPA does not use a specific formula to determine a NAAQS. If after review, a change is thought necessary by EPA, they publish a proposed rule. The public (e.g., scientists, pollution generators, and the general population) has an opportunity to comment. Based on new data that the commenting period may reveal, the EPA can decide whether to revise the NAAQS or promulgate a new standard. If the standard is revised, an implementation timeframe is established. ("National Ambient Air Quality Standards (NAAQS) | Air and Radiation | US EPA." US Environmental Protection Agency. Web. 20 Feb. 2011. http://www.epa.gov/air/criteria.html)
Of course, much more could be written here, but these are the basic principles behind NAAQs.

Of course, at the lower level, the efficiency will be lower.











