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ABSTRACT
When the Hennepin County waste-to-energy facility (HERC) first began operation in
1989, the surrounding neighborhood was a mix of light industry and old warehouses. Due
to residential and commercial development in the area, County staff began monitoring
odors from HERC, to determine their impact on the neighborhood, and to determine if it
was necessary to institute odor controls.
Odors from HERC and the surrounding neighborhood were monitored daily at twenty-one
established monitoring points. Data showed that odors from HERC came from the tipping
hall and the ash storage building and that most of these odors were not detectable beyond
the perimeter of the property. Weather data for each monitoring day was also recorded and
analyzed. No correlations were found between weather conditions and the detection of
HERC odors off-site.
The tipping hall at HERC was designed to operate under a negative pressure to keep odors
contained within the building. Airflow tests conducted in the tipping hall when the
entrance and exit doors were open and when one and both boilers were operating showed
that air flowed out of the tipping hall through one of the exit doors. This airflow could be
responsible for odors migrating out of the tipping hall. The County researched the
installation of high-speed fabric doors on the entrance and exits to the tipping hall to
minimize odor migration and increase the negative pressure. The doors would be kept
closed except when trucks were entering or exiting the building.
The County also researched the use of odorants to neutralize or mask odors from the
tipping hall but decided to try more passive approaches to odor mitigation, such as the
installation of the new doors and management of the volume of waste in the tipping hall.
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INTRODUCTION
The Hennepin County waste to energy facility (HERC) is located in the Warehouse
District on the north side of downtown Minneapolis. Covanta Energy operates the facility
under a long-term service agreement with the County. HERC is permitted by the
Minnesota Pollution Control Agency to burn 365,000 tons of residential and commercial
solid waste per year, and to create steam to power a turbine generator and produce
electricity. The facility generates about 34 mega-watts of electricity annually. The
electricity is sold to Xcel Energy under a power purchase agreement.
When HERC first began operation in 1989, the surrounding neighborhood was a mix of
light industry and old warehouses. The neighborhood is now being redeveloped. The old
warehouses are being converted into residential housing and commercial space and new
condominiums and loft style apartments are being constructed within three blocks of the
facility. A parking lot just southeast of HERC is being considered as a site for a new urban
ballpark for the Minnesota Twins. (See Figure 1.)
Figure 1: Warehouse District Aerial Photo
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At times odors from the tipping hall and ash storage building at HERC have been detected
on and beyond the facility property. Odor migration from the facility has become more of
a concern as the neighborhood changes and becomes more residential. As a result, in
2004, the County, wanting to be proactive and a good neighbor, conducted a study with the
assistance of St. Croix Sensory, Inc. to monitor odors on the HERC property and in the
neighborhood and to develop methods of mitigating the odors from HERC.
The project included:
• Instructing team members in how to characterize odors and how to quantify odors
using a field olfactometer (Nasal Ranger®),
• Documenting the individual odor sensitivity of each team member assigned to do
odor monitoring,
• Developing baseline information on the types of odors from HERC and the
surrounding neighborhood and their frequency and intensity by conducting daily
odor monitoring at select points on the facility property and throughout the
neighborhood,
• Determining if odors from HERC migrate into the community and if so, how far,
• Quantifying and qualifying the odors from HERC that are detected at these
monitoring points,
• Determining the factors (amount of waste in the pit, composition of the waste,
negative pressure in the tipping hall, weather, humidity, wind) that contribute to
these odors and their migration, and finally
• Developing methods for mitigating or controlling HERC odors.

ODOR MONITORING BACKGROUND
The County contracted with St. Croix Sensory, Inc., “an odor testing and training
company,” to assist in choosing the methodology for monitoring odors on the HERC
property and in the neighborhood. St. Croix Sensory, Inc. conducted an “ODOR
SCHOOL” ® for the County odor team, staff from Hennepin County and HERC. During
the school, the odor team was instructed in the science of odors, how the nose detects
odors, the procedure for testing individual odor sensitivity, odor characterization, how to
use the Nasal Ranger® (www.nasalranger.com), a field olfactometer for measuring the
“dilution-to-threshold” (D/T) of an odor, establishing a monitoring route, and field data
collection.
A monitoring route consisting of 21 odor-monitoring locations was established (See Figure
2):
• Five sites (100, 110, 120, 130, and 140) were on the HERC property (Zone 1),
• Seven sites (200, 205, 210, 220, 230, 240, and 250) were located around the
perimeter of the facility (Zone 2), and
• Nine sites (300, 310, 320, 330, 340, 350, 355, 360, and 365) were located in the
neighborhood within about 5 blocks of the facility (Zone 3).
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Figure 2: Odor Monitoring Locations

Members of the odor team monitored the sites on the route once a day. Team members
alternated days so each member conducted the odor monitoring about once a week.
Before the team members could begin monitoring the individual sites for odors, their
individual sensitivity to odor had to be determined. People have varying sensitivities to
smell with some being anosmic, having a very low sensitivity to smell, and others being
hypersensitive. People falling within these two groups do not represent the average person
in a community and should not conduct odor monitoring. St. Croix Sensory, Inc. provided
the County with a “Sniffin’ Sticks” odor pen test kit, 14 felt tip pens containing increasing
concentrations of n-butanol and 2 blank pens, for use in conducting the odor sensitivity
tests.
The sensitivity tests were conducted once a month. The procedure consisted of
blindfolding the odor team members and exposing them to the n-butanol pens in increasing
concentrations until they correctly detected the solvent smell. Each segment of the test
was comprised of three pens, two that were odorless and one that contained n-butanol.
These tests were done in triplicate to decrease the chance of false positives. The team’s
group odor sensitivity was 7.03, which compared favorably to a study by St. Croix
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Sensory, Inc. which found that the average odor sensitivity of a group of 39 odor
inspectors from a regulatory agency was 7.33 (Lay and McGinley 2004). 1
Members of the odor team used the following procedure when monitoring odors at each
sampling location:
• When they reached a site, they breathed through a half mask, carbon cartridge
respirator for one minute to clear their nasal palette of any odors.
• They then faced the direction of the wind and breathed in using a sniffing technique
to increase the number of chemical molecules directed to the top of the nasal
cavity.
• They then recorded the time, the presence or lack of an odor, and the type of odor
using the odor characterization descriptors learned in the odor class.
• If an odor was detected at a site the odor team then used the Nasal Ranger® to
quantify the odor by assigning a Dilution Threshold (D/T) value. The higher the
D/T value the stronger the odor.
• When all the sites had been tested, the team recorded the weather data from the
website weather.noaa.gov/weather/current/KMIC.html for the Crystal Airport,
Crystal, MN. The Crystal Airport was chosen because it was the closest weather
station to the facility. The temperature, relative humidity, barometric pressure,
wind speed, wind direction, cloud conditions, and precipitation were recorded from
this site. The pit inventory in the tipping hall was also recorded.
• Finally the data collected was entered into an Access database and mapped using
GIS software.

ODOR MONITORING RESULTS AND DISCUSSION
The County odor team conducted the odor monitoring from 3/2/04 to 11/30/04 for a total
of 241 days. Odors were categorized as either coming from HERC or coming from the
neighborhood. Odors coming from HERC were characterized as garbage, ashes, smoky,
burnt, sulfur, musty, and musky. Odors coming from garbage trucks were not included in
this category. Examples of odors generated by activities occurring in the neighborhood and
not from any of the processes at HERC included odors characterized as sewer, burnt wood,
lilac, oil, and tar/asphalt. These smells were attributed to neighborhood businesses, local
traffic, the local storm sewer system, and the Metro Transit Bus garage. The odor data was
mapped using GIS software.
From a map showing the number of times HERC odors were detected at each monitoring
point (see Figure 3), the team determined that odors from the facility were detected at the
perimeter of the facility (Zone 2) about 14 times per 241 days tested, and in the
surrounding neighborhood (Zone 3) about 3 times per 241 days.
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Figure 3: Number of times HERC odors were detected at each monitoring point.

Additional analysis showed that the HERC odors migrating offsite were not very strong.
Odor strength, measured with the Nasal Ranger®, showed a testing range of 2 D/T
(Dilutions-to-Threshold) to 60 D/T. For our study, seven was the highest D/T value
detected off-site for a HERC odor. Most of the recognized odors from HERC were not
detectable using the Nasal Ranger®.
The odor team also found that most of the HERC odors were not detected at the same
monitoring point for consecutive days in a row. In Zone 2, there were only two occasions
when odors from HERC were detected at specific sites (210 and 220) for three consecutive
days. In Zone 3 there was only one occasion when odors from HERC were detected at a
specific site (355) for two consecutive days. In Zone 3, one was 14 times more likely to
detect a neighborhood odor than a HERC odor. (See Figure 4.)
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Figure 4: Number of times neighborhood odors where detected at each monitoring point.

The data was also analyzed to find correlations between the weather data, waste storage pit
inventories, and odors observed. Correlations could not be found between the weather and
the presence of HERC odors either on or off site. The data, collected from the Crystal
Airport web page, might not have been representative of local weather conditions. The
airport is located 6.44 miles away from HERC. In the downtown area, buildings create
changes in wind direction, wind speed, and temperature.
From the GIS maps, we also determined that the point sources for most of the HERC odors
were the tipping hall and the ash storage building. This was determined by the number of
times garbage odors were detected outside the tipping hall at site 110, and the number of
times ash odors were detected outside the ash storage building at site 130. From this we
decided to perform airflow tests in the tipping hall.

AIR FLOW MONITORING BACKGROUND
The tipping hall at HERC was designed as a negative pressure environment in order to
keep odors contained within the building. Two forced draft fans (located at points #1 and
#2 in Figure 5), one for each boiler, were designed to maintain this negative pressure by
pulling air from the tipping hall and using it as under fire or primary air to feed the boilers
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and aid combustion. If one of the boilers is not operating, the pressure differential on the
tipping hall can become more positive.
Two airflow tests were conducted in the tipping hall to determine how effectively the
forced draft fans maintained a negative pressure in the building. One test was conducted
on 12/10/04 when the entrance and exit doors were open and both boilers and forced draft
fans were operating. The second test was conducted when the entrance and exit doors
were open and only one boiler and one forced draft fan was operating. During each test the
airflow was evaluated at 14 different points in the tipping hall using smoke sticks to show
the direction of air at a particular location. (See Figure 5.)
Figure 5: Airflow monitoring locations
FD

At each monitoring point a smoke stick was held at ground level and at a height of nine
feet and the time and the direction of the smoke were recorded. Airflow through the
entrance and exit doors was tested at 5-foot intervals of height. Again, the time and smoke
direction were recorded. During each test pressure differentials were also checked at the
entrance and exit doors. Weather conditions were also recorded for each day.
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AIR FLOW MONITORING RESULTS AND DISCUSSION
The test on 12/10/04 showed an eddy effect near the load out entrance to the tipping hall
and air from the center of the tipping hall being drawn up to forced draft fans. Air
continuously flowed into the tipping hall through the entrance door and exit door #1 and
continuously flowed out of the building through exit door #2.
The second test on 1/1/05 with one boiler and one forced draft fan operating showed air
from the center of the tipping hall being drawn toward exit door #2. As in the first test, air
continuously flowed into the tipping hall through the entrance door and exit door #1 and
continuously flowed out of the building through exit door #2.
Results showed that during each test, air flowed out of the tipping hall through the same
exit door (exit door #2). This airflow could be responsible for odors migrating out of the
tipping hall. Pressure differentials recorded during each test were inconclusive. Also,
wind blowing in the entrance door from the southwest could affect the ability of the forced
draft fans to maintain a negative pressure in the tipping hall.

CONCLUSION
The odor monitoring data showed that most of the odors from HERC came from the
tipping hall and ash storage building. These odors remained on site (within Zone 1) and
were usually not detectable by the time they reached the perimeter of the facility (Zone 2).
When they were detected, they were weak in strength/concentration or could not be
detected at a specific monitoring location for consecutive days. In Zone 3 odors from the
neighborhood were more prevalent that odors from HERC.
No correlation could be found between odor migration, odor strength, and the weather data
collected. This could be due to the fact that weather data was recorded from the Crystal
Airport which is located 6.44 miles away from the facility, and not collected onsite. An
onsite weather station would give more accurate weather data at HERC and equipment
could be installed to measure local solar radiation. Solar radiation is the amount of energy
or radiation from the sun (ww.noaa.gov). Lower solar radiation results in cooler air.
Cooler air stays closer to the ground and concentrates any odors present. Higher solar
radiation results in warmer air. Warmer air rises and any odors present become more
dilute. A correlation between odor and solar radiation has been found in other odor studies
particularly in the area of agriculture.
The tipping hall airflow tests showed that with the entrance and exit doors open, air was
always flowing out of exit door #2, thus the forced draft fans were not maintaining a
negative pressure in the building. The odor monitoring results showed that HERC odors
were detected immediately outside the tipping hall. For each airflow test, the pressure
differentials at each of the three doors were also checked. Little or no pressure differential
was found. A more sensitive manometer may record pressure differential.
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Currently the tipping hall doors are kept open during hours of operation. The County
researched the installation of high-speed fabric doors on the entrance and exits to the
tipping hall that would be kept closed except when trucks were entering and exiting the
building. The use of these doors would minimize odor migration by minimizing the effects
of the wind blowing through the building, minimizing airflow, and increasing the negative
pressure. The doors would also reduce the visibility of the garbage to the public.
The County also researched the use of odorants to neutralize or mask odors from the
tipping hall but decided to try more passive approaches to odor mitigation, such as the
installation of the new doors and management of the volume of waste in the tipping hall.
The high-speed fabric doors are scheduled to be installed this spring. Odor monitoring will
continue to be performed in all three zones, although monitoring was limited to Zone 1 for
the winter. Additional testing of the airflow on the tipping hall is being scheduled to
monitor the airflow under varying wind directions and speeds, when the tipping hall
louvers are open and closed, and when the new doors are installed.
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