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The information contained in this report was compiled excluaively for the
use of the Michigan Department of State Highways. Recommendations contained
herein are based upon the research data obtained and the expertise of the re-
searchers, and are not necessarily to be construed as Department policy. No
material contained herein is tobe reproduced—whelly or in part—without the ex~
pressed permission of the Engineer of Teating and Research.




This report presents air quality information forthe final environmental
impact statement for proposed I 696. It is a modification of the August 1971
Research Report R-784 (EV-15) which was submitted for the draft environ-
mental statement. The updating was undertakenbecause of a change in es-
timated opening date of the project from 1975 to 1980. Refinements of the
pollution estimates include the effect of weaving lanes, revised pollutant
build-up factors under parallel wind conditions, and more detailed traffic
estimates.

GENERAL CHARACTERISTICS OF THE PROJECT AREA

The proposed projectis located in southeastern Qakland County, which
along with Wayne, Macomb, and St. Clair Counties make up the Detroit
Metropolitan Air Quality Control Region.

Topography

This air quality control region is part of a flat plain that rises gradu-
ally from approximately 600 ft above sea level to 800 ft above sea level.
The only hills in the region are in western and northwestern Oakland County
where the gently rolling land rises toabout 1,200 ft above sea level. There
are no terrainelevation differences that wouldhinder the dispersion of pol-
lutants.

Demography

Oakland County's population of 908,000 is 90 percent urban, with a
population density of 1,046 per square mile. Only 59 percent of the em-
ployed workers who live in the County also work there.

Meteorology

Michigan lies in the normal track of migrating high and low pressure
centers at all times of the year. This results in great variations in day to
day weather. While prevailing winds are from westerly directions, fre-
quent changes in wind speed and direction are experienced. Figure 1 shows
wind speed and direction occurrences on a 36-point bar graph for Detroit
City Airport, the weather station nearest to the proposed project. A one
day in nine day sampling of hourly data was averaged for the years 1967
through 1970, It can be seen that pollutants from a single source will af-
fect a specific receptor only about 6 percent of the time, even though the
receptor may be downwind in the prevailing direction. Figure 2 is a con-
ventional wind rose obtained by condensing the 36-point wind data to a 12-
point rose.
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Figure 2. TFrequency of wind direction and speed, percent (calms distributed).
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On those occasions when atmospheric inversions restrict the vertical
dispersion of pollutants, horizontal ventilation generally continues freely.
Figure 3 shows the overall distribution of wind speeds. Over 95 percent
of the time wind speed exceeds 4 mph. The most probable wind speed dur-
ing7 to 9 a.m. peak trafficand 4 to 6 p. m. periods was found to be 10 mph.

The potential for air pollution episodes is related to the incidence of
stagnating anticyclones (high pressure areas) with associated inversions
that linger a few days. A study of weather patterns for the 30-year period
1936 through 1965, found that stagnating anticyclones lasting four days or
more occurred in the Michigan area on an average of only once every two
years! It is concluded that the geographical area of the proposed project
has meteorological conditions which lead to rapid dispersal and dilution of
air pollutants.

EXISTING AMBIENT AIR QUALITY

Air guality datafor the proposed I 696 corridor were not available from
the Michigan Department of Public Health or any city or county agency.
Wayne County Health Department datawere obtainedfor 1970 and 1971 cov-
ering carbon monoxide and nitrogen dioxide levels at selected locations in
the City of Detroit. No data were obtained from a City of Detroit agency
because Wayne County handles air pollution analysis for Detroit. No hy-
droearbon data were available since little analytical work is currently being
done on hydrocarbon levels in Michigan.

A limited number of air quality measurements were made by the De-
partment’'s Research Laboratory in the area of the proposed construction
corridor and in metropolitan Detroit near existing freeways. The air qua-
lity data obtained are presented in the three following sections. Section 1
presents data obtained by Research Laboratory personnel in or adjacent to
the proposedI 696 corridor. Section 2 presents Research Laboratory data
obtained near existing Detroit freeways for background information. Sec-
tion 3 presents data from the Wayne County Health Department.

' Implementation Plan for the Control of Suspended Particulates, Sulfur
Oxides, Carbon Monoxide, Hydrocarbons, Nitrogen Oxides, and Photo-
chemical Oxidants in the State of Michigan, January 1972, pp. 1-2.




TABLE 1

WEATHER DATA FOR DAYS WIHEN
ATR ANALYSES WERE MADE
(From Detroit City Airport)

Sky WwWind
Date Hour | Cover, ‘huigmn(if t VI:::;H:Y' Weathar® Te;n ? Mbirec- Speed,
tenths 8- e tion mph
1 0 200 13 59 34 6
4 0 200 7 57 35 8
7 0 200 7 80 07 4
10 3 200 7 72 09 10
—16-71
8-16-71 4 0 200 7 75 08 160
16 0 200 10 77 10 8
19 0 200 8 75 12 8
22 0 200 8 67 19 8
1 0 200 7 63 33 5
4 0 200 10 61 28 4
7 0 200 7 63 30 4
10 0 200 8 K 75 35 5
-17-71
8-17-71 5 0 300 7 82 09 9
16 0 260 7 3 12 10
19 0 200 7 79 16 10
22 0 200 7 72 24 4
1 0 200 8 H 86 07 4
4 0 200 5 H 64 00 0
7 2 200 2 GF,K,H 65 00 0
10 3 200 2 K, H 80 13 8
8-18-T1 45 0 200 5 KH 86 17 13
16 0 200 4 K,H 86 16 13
19 0 200 1 K,H 82 19 14
23 0 200 8 K, 0 76 19 8
1 0 200 5 K,H 72 22 8
4 0 200 5 K, H 69 26 5
q 1 200 2 K, B 69 23 4
10 6 50 4 K,H 80 26 10
8-16-71 6 50 4 KH 8 23 19
18 5 50 4 K,H 89 23 18
19 8 100 4 K,H 85 23 18
22 10 50 3 RW,K,H 76 24 15
1 10 50 3 K. H 75 22 14
4 5 200 6 K,H 13 24 14
7 2 200 2 K, H 73 25 13
10 B 35 4 K, H 81 27 13
8-20-T1 o 7 30 5 K,H a5 29 13
16 @ 56 7 89 28 13
19 2 200 10 87 27 13
22 8 80 i0 84 24 ]
1 10 100 7 68 14 13
4 10 17 7 70 21 13
7 8 5 4 K,H 70 23 13
10 4 200 7 75 34 15
8-25-71 14 2 200 7 82 31 15
18 4 200 13 83 31 8
19 5 200 13 78 10 9
22 2 200 13 73 13 10

1K = smoke; H = haze; GF = ground fog; RW

-

= rain showers.




SECTION 1. Air Quality Data Obtained Adjacentto the Proposed 1696 Cor~
ridor ‘ '

Sampling stations are shown on portions of a strip map for the proposed
corridor (Figs. 4 and 5). All of the samples were taken between 6 a.m.
and 8:30 p.m. Table 1 shows typical weather conditions duringthe sampling
period. Carbon monoxide was determined by the NBS indicator tube meth-
od. Nitrogen dioxide was determined by the Griess Saltzmanmethod, using
sample collection periods rangingbetween one-half and two hours at a flow
rate of 200 ml/min.

Station Locations

Station A - Station A is located in a sparsely settled subdivision, as
shownin Figure 4. The fewhouses near the sampling site are indicated by
small rectangles. Open land area around the houses is covered by brush
and tall weeds. Analyses were made during off-peak traffic periods.

Station B - Station B is located within 100 ft of the proposed right-of-
way as shownin Figure 5. The area east of Woodward Ave along Ten Mile
Rd is a general business area that merges into a well maintained residen-
tial section. Sampling was done along Main St which carried a steady flow
of traffic that moved well on the occasions 1t was observed. Analyses were
made during peak traffic periods.

Stations C and D - Stations C and D are also shown in Figure 5. Sta-
tion C is north of Station B, within 200 ff of the proposed right-of-way.
Station D is north of Station C, within 600 ft of the proposed right-of-way.
Analyses were made during peak traffic periods.

Station E ~ Station E is located east of Station D as shown in Figure 5.
This area was sampled to check a district along the railroad indicated to
be "industrial' onthe map of existing land use along the proposed corridor.
The areaactually contained mostly warehouses and shipping docks and ap-
peared to be little used. Analyses were made during off-peak traffic per~
iods.

Federal air quality standards for carbon monoxide and mtrogen dioxide are:

Carbon Monoxide - (a) 10 mg/cu m maximum 8-hr concentratmn not
to be exceeded more than once per yvear.
(b) 40 mg/cu m maximum 1-hr concentration not
to be exceeded more than once per year.

Nitrogen Dioxide - 100 pg/cu m annual arithmetic mean




Data Obtained From the Sampling Stations
(When no average is reported a single measurement is indicated)

. Carbon Monoxide, Nitrogen Dioxide,
Station mg/cu m te/cum
less than &

A 1.0 avg 60

B 4.4 avg 140 avg

C 3.3 avg 140 avg

D 3.3 avg 200 avg

E 1.1 avg 120

Carbon monoxide levels are currently estimated to average 1.4 mg/cum
for most of the proposed corridor, which is bordered by residential areas.
The lowest values measured were raised somewhat to correct for the fact
that analyses were conducted during off-peak traffic periods. In the area of
woodward Ave and Main St the area is more commercially developed and
trafficis heavier, as reflected in the peak traffic measurements at Stations
B, C, and D. If allowance is made for off-peak periods, the average am-
bient carbon monoxide level in the Woodward Ave - Main St area is esti-
mated at 2.5 mg/cu m.

The short term nitrogen dioxide samples, with values higher than the
standards, donot include parts of the day when lower nitrogen dioxide levels
would be expected. It is also known that short term sampling may yield
results higher than the true long term average concentration. Ambient
levels of nitrogen dioxide will be estimated from data presented later.

Hydrocarbondata have not been included because no data which can be
compared with the Federal air quality standards are available. Also, hydro-
carbons at the concentrations encountered in ambient air are not hazardous
to health; and photochemical smog, which requires hydrocarbons to form,
~is not believed to oceur with any significant frequency in Michigan?

2 rmplementation Plan for the Control of Suspended Particulates, Sulfur
Oxides, Carbon Monoxide, Hydrocarbons, Nitrogen Oxides, and Photo-
chemical Oxidants in the State of Michigan, January 1972, pp. 1-1.
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SECTION Il. Other Data Obtained in the Detroit Area

Station Locations

Station F - Located on a service road shoulder on the east side of the
Lodge Freeway near Nine Mile Rd, adjacent to a depressed freeway with
light surface traffic. The Lodge Freeway heads in a northwest-southeast
direction in this area.

Station' G- - This station is located on the east service road shoulder
of the Lodge Freeway at Seven Mile Rd, adjacent to a depressed freeway
with heavy surface traffic,.

Station H and I - Station H is located approximately 200 ft east of the
Lodge Freeway on Seven Mile Rd, Station I is approximately 600 ft east of
the Lodge Freeway on Seven Mile Rd.

Measurements were made during off-peak afternoon traffic at Station
F. Measurements at Stations G, H, and I were made during morning and
afternoon peak traffic periods. No measurements were made at roadway
level for depressed freeway sections.

Data Obtained From the Sampling Locations
(Where no average is recorded a single measurement is indicated)

. Carbon Monoxide, Nitrogen Dioxide,
Station
mg/cu m pg/cu m
3 1.1 avg 1690
G 6.6 avg 140 avg
4.4 to 8,8 range 80 to 200 range
6.6 avg
H 5.5 to 8.8 range 180
; 4.4 avg 110 avg
3.3 to 5.5 range 100 to 120 range

No winds parallel tothe Lodge Freeway were observed during the per-
iod of air sampling. Even during rush hour traffic carbon monoxide levels
adjacent tothis existing freeway are observed to be well within Federal air
quality standards. Again, short term samples do not permit comparison
of nitrogen dioxide levels with air quality standards, which are based on an
annual average.

-11-




SECTION III, Data From Wayne County Department of Health

The following table presents carbon monoxide data obtained by the Wayne
County Department of Health near the Fisher Freeway (I 756) at 16th St in
downtown Detroit. The sample site is on the shoulder of an exit ramp of
I 75 between the freeway and Michigan Ave (US 12), a heavily travelled
highway. Both the freeway, which is depressed, and Michigan Ave travel
east-west in this area, making the location comparable to the bulk of pro-
posed 1696. The data show that this existing area adjacent to a freeway
and heavy surface traffic, resulting in a heavier combined traffic volume
than would be expected anywhere along proposed I 696, is well below the
Federal requirement for levels of carbon monoxide.

WAYNE COUNTY DEPARTMENT OFF HEALTH
DATA FOR CARBON MONOXIDE
(Fisher Freeway - 16th St)

Max. Avg. all Max. 8-~hr
Hours
Date . hour hours avg.
sampled
mg/cu m mg/cu m mg/cu m
Sept. 1970 384 12.14 4.6
Oct. 1970 360 12.1 4.1 8.2
Nov. 1970 720 8.8 3.2 5.3
Dec. 1970 528 11.5 3.7 7.3
Jan. 1971 744 9.3 2.4 -—
Feb, 1971 76 12.1 ——— 8.9
Mar. 1971 552 7.6 -—— 5.9

The nexttable presents Wayne County Health Department datafor nitro-
gendioxide ata downtownDetroit location. The cumulative average for this
data is 50 pg/cu m, This figure may be taken as the existing average am-
bient nitrogen dioxide level in the Woodward Ave -~ Main St area. The re-
mainder of the proposed construction corridor, being less commercial, is
estimated tohave an average ambient nitrogen dioxide level of 25 ptg/cu m.

-19-




WAYNE CNUNTY DEPARTMENT OF HEALTH
DATA FOR NITROGEN DIOXIDE
{(Measured at 1311 E. Jefferson Ave., Detroit)

Date 24-hr avg.,
ug/cum
Aug. 31, 1970 50
Sept. 8, 1970 50
9, 30
10, 40
15, 40
16, 40
18, 100
19, 60
21, 50
25, ‘ 40
Oct. 19, 1970 40
20, 40
22, 40
23, 40
26, 40
28, 50
30, 50
Nov. 6, 1970 50
9, 50

Cumulative Avg. = 50

CALCULATED POLLUTANT LEVELS

An analysis was made to estimate ground level concentrations of traf-
fic-emitted pollutanis (carbon monoxide, nitrogen oxides) under varying
conditions at several distances from, and normal to, the shoulder of the
roadway. California's generally unvalidated highway line source disper-
sion model was used. This model was recommended for use at a workshop
given by the Environmental Protection Agency at Durbam, North Carolina
during May 1972. It includes meteorological conditions, traffic volumes,
traffic emission factors, and highway design as variables.

=13~




The basic method of calculation is derived from a general form given
in EPA's '"Workbook of Atmospheric Dispersion Estimates, !’ AP-26, by
Turner (1970). Assumptions used in this approach to atmospheric disper-
sion estimation include the following: the plume spread has a normal dis-
tribution in both horizontal and vertical planes, total reflection of the plume
at the earth's surface, uniform wind flow field, atmospheric stability clas-
ses representative of open areas, roadways as continuous infinite line
sources, and continuous emission from source vehicles for the time period
analyzed.

Meteorological data (hourly observations) recorded at Detroit City Air-
port were summarized over a four-year period from 1967 to 1971 based on
a one day in nine day statistical sampling with a random start each year.
The data were obtained from the National Weather Records Center at Ashe-
ville, North Carolina on microfilm and were the best data available at the
time for the proposed 1696 highway corridor. '

Emission factors were obtained from the U.S. Environmental Protec-
tion Agency, Office of Air Programs Publication, "Compilation of Air Pol-
lutant Emission Factors,' No. AP-42, Table 3-1. The 1375 emissions
were adjusted for vehicle speed according to Figures 3-1 and 3-2 of the
same publication inorder tofit the peak and off-peak average traffic s peeds
for this project. These speed adjusted emissions were used as a base and
further adjusted for future years according to projected national urban emis-
sions from motor vehicles as shown in Figures 1-3 in the August 14, 1971
Federal Register. The emissionfactors soderived and used for this study
are:

Emission Factors, g/mi

CcO

Year NOx
30 mph 50 mph
1980 20.5 13.4 2.6
1982 14,7 9.6 1.8
1985 8.2 5.4 1.2
1990 5.1 3.3 0.6
1985 5.1 3:3 0.6
2000 5.1 3.3 0.6

14~




Novariation inthe NO, emissions with speed appear since AP-42 states
that, '... nitrogen oxides are independent of speed." and hence no speed
adjustment graph was provided.

Pollutant concentrations were estimated for:

1) Each section of the freeway between interchanges

2) Carbon monoxide and nitrogen oxides (as NOg2)

3) The years 1980 (estimated opening), 1982, 1985, 1995, and 2000
4) Distances of 40, 60, and 100 meters from the edge of the roadway.

Information used as the input to the mathematical model consisted of:

1) Peak a.m. (7 t0 9), peak p.m. (4 to 6) and off-peak traffic volumes.
Traffic estimates are shown in the Appendix. Off-peak traffic volume was
approximated by:

ADT - 2(peak hour)
22

2) Worst meteorological conditions and most probable meteorological con-
ditions. Worstmeteorological conditions were taken as a 3 mph wind paral-
lel to the roadway, under Atmospheric Stability Class D} Most probable
meteorological conditions (shown in data tables) were chosen for the time
of day involved, and Atmospheric Stability Class D (by far the most likely
in Michigan) was used.

3 Calculations were made for parallel wind under Stability Classes D and
F. Since pollutant levels were higher for Class D, the Class D values are
reported as the worst case. The California Division of Highwayvs has also
found highest pollutant levels for Class D in some parallel wind cases.

The Atmospheric Stability Class describes the amount of vertical move-
ment of airnear the earth's surface due totemperature differentials. Dur-
ing periods of bright sunlight (strong insolation) the earth's surface is
heated and warm air close to the earth's surface rises, carrying any pol-
lutants present with it., This is an unstable condition (Class A) which aids
in dispersing pollutants. When there is no upward movement of warm air
away from the earth's surface, the atmosphere is said to be stable (Class
F). A stable atmosphere tends to increase pollutant concentrations be-
cause dispersal of pollutants away from the source is impaired. In the
Appendix, Table 5 shows the stability classification system, and Table 6
indicates the meteorological conditions used to determine which stability
class prevails. The frequency distribution of stability classes for the
meteorological data used is shown in the Appendix as Table 7.

-15-




3) Depressed roadways 15 ft below ground level. The 15-ft plot of factors
for depressed roadways in the model was closest tothe actual average depth
of 16 ft. The roadway depth is 20 to24 ft inplaces, but the increase in pol-
lutant levels due to such depth over short distances was not judged signi-
ficant. Figure 6 relates carbon monoxide levels to roadway de pth for paral-
lel and crosswind situations.

4) Freeway widthwas taken as 50 meters (164 ft) except for the Lahser to
Evergreen section where a width of 46. 3 meters (152 ft) was used due to a
reduction in the amount of weaving lane planned for that section. Width
was calculated as follows:

Ten 12-ft lanes (including 2 weaving lanes) 120 ft
Two 10-ft shoulders 20 ft
One 24-ft median. 24 £t

164 ft

All estimates are intended to provide maximum one-hour concentrations
and are in addition to the ambient levels. Traffic estimates for the condi-
tion of notbuilding the freeway were not available, so future air quality for
the no-build condition could not be estimated. Deterioration of air quality
as traffic increases on existing roadways is to be expected.

Tables 2, 3, and 4 present the pollution estimates. Nitrogen oxides,
as nitrogen dioxide, are inciuded for information purposes. There is no
emission factor for nitrogen dioxide as such, so no comparison of the es-
timates with the air quality standard is possible. It will be noted that pol-
lutant concentrations near the freeway are higher for parallel winds than
for crosswinds, but that the rate of decrease of pollutant concentrations
with distance away from the freeway is much greater for parallel winds
than for crosswinds. This is because pollutants in the parallel wind case
are dispersing in a direction normal to the wind direction, which dictates

. that the concentration falls off with distance according to an exponential
factor. Pollutants in the crosswind case are being dispersed in the same
general direction as the wind is moving, so that the concentration falls off
in a rather linear fashion.

The tables present pollution estimates forboth worst and most probable
meteorological conditions as follows:

Table 2 - Peak morning traffic ( 7to 9 a.m.)

Table 3 - Peak afternoon traffic (4 to 6 p.m.)
Table 4 - Off-peak oraverage traffic

=18~
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The peak traffic data for carbon monoxide should be compared with the 40
mg/cu m maximum figure in the Federal standard. The data for off-peak
traffic should be compared with the standard's 10 mg/cu m requirement.

One special casefor potential elevated pollutionlevels was considered.
This was for a parallel wind from the west causing pollutant build-up from
Lahser Rd to the curve in proposed I 696 east of Southfield Rd, and having
this build-up spill out downwind (eastward) from the curve. This gituation
was approximated by calculating the carbon monoxide concentrationat road-
way level (for peak traffic conditions) justbefore the curve, then dispersing
that concentration downwind from a line source with length equal to 100
meters, twice the width of the highway. It was estimated that since the
wall at the end of the curve would direct the pollutants around the curve,
the effective length of the line source would be at least twice the freeway
width. Pollutant levels would be lower in proportion to any increase in the
length of the line source over which the pollutants are released. Results
are:

| co

3 mph wind 10 mph wind

40m downwind 24 mg/cu m 7 mg/cu m
60m downwind 16 mg/cu m 5 mg/cu m

Analysis of weather data indicates that the maximum concentrations
shown above may never actually occur. The sectionof the freeway involved
is about twomiles long. Thus, it could require 2/3 of anhour after a 3 mph
wind started to blow parallel to the roadway before the maximum concen-
trationwould occur at the curve. The oneday innine day sample of weather
data for four years did not show up a single instance when a 3 mph wind
parallel to the proposed freeway was recorded for a one hour period (two
consecutive hourly observations).
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APPENDIX
Traffic Estimates for Proposed I 696

Traffic Volumes: The traffic estimates for the five year networks were
obtained by plotting existing estimates for 1980 and 2000 and interpolating
the graphs for the remaining time pericds, Data shown on next page.

Average Speed: The average speed was obtained from speed runs on
freeways, in the Detroit area, which were assumed tohave the same opera-
ting characteristics as the proposed project.

Speed during peak hour 30 mph Speed off-peak 50 mph

Trip Length: The trip length was obtained from the '"'Southeast Michi-
gan Council of Governments Transportation and Land Use Study,' 1990
model runs. '

Average Trip Length - B miles

Commercial Tfaffic: The commercial traffic is from the 1972 "Esti-
mate of the Cost of Completing the National System of Interstate and De-
fense Highways in the State of Michigan, '' August 1972.

Commereial Traffic of ADT 17 percent
Commevrcial Traffic of DHV 6 percent

Duration of Peak Hour: The duration of the peak hour was estimated
from existing patterns on similar freeway facilities in the Detroitarea.

Peak Duration 2 hours
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TABLE 7
STABILITY CLASS FREQUENCY DISTRIBUTION BY HOUR

TABLE 5

(Percent)

Description of Atmosphere

Stability Class

Stability Class

Extremely Unstable

Unstable
Slightly Unstable

Hour

30.2

17.3

52.5

0.0

0.0
0.0

Neutral

0.0 50.0 18.5 31.5

0.0

46.3 22.2 31.5

0.0

0.0

Nearly Stable
Stable

16.0 32.7

51.2

0.0

0.0

51.9 16.7 31.5

0.0

0.0

v
8.6

5.6 3.7 48.8 16.7

11.7
16.7

8.6
11.7

53.1 6.2

8.6
14.2

3.7 3.7

0.0

52.56

9.3

16. 0 25.9 3.7 0.0
64.8

4.3
4.9

0.0

0.0

10 10.5 19.8

11
12

TABLE 6
ATMOSPHERIC STABILITY CLASSES

0.0
0.0

0.0
0.0

1.7 22.8 60.5
11.1 22.2 63.0

4.9
3.7
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2.6
22.8

21.8

64.8

0.0

0.0

20

<2

< 4.5

4.5- 6.7

0.0 0.0 58.0 19.1

0.0

21

0.0 0.0 50.0 23.5 26.5

0.0

0.0

22

23

29.6
32.7

16.7

53.7
51.2

0.0

23
24
Overall

3-5

6.7-11.2
11.2~13.4

16.0

0.0

0.0

56

10.5 13.7

58.5

9.2

5.8

2.5

percent

>6

>13.4






