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July 13, 1973

Mr. Sam F. Cryderman : . i
Engineer of Transportation Planning. '
Transportation Planning Division

Dear Mr. Cryderman:

The Transportation Survey and Analysis Section is pleased ﬁa
to present a report entitled "Air and Noise Pollution System L
Analysis Model'. The report documents the construction of a
model which is able to compare the air and noise pollution

of alternative transpotrtation plans at the system level.
Although it is well-known that any major change in the trans-
portation system disrupts travel patterns throughout the
state, it has not been feasible until now to monitor the im-
pacts of pollution at any but a local level

i
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In addition, the model can aid in involving the public in
the transportation planning process. A person who knows or
cares nothing about Design Hour Volumes and Average Annual
Daily Traffic might take notice if he were shown that his
house would be quieter and freer of automobile exhaust fumes
as a result of new highway construction two miles south of
his home.

This report and the modeling process described herein were
prepared by Jan M, Kneale of the Statewide Studies Unit
under the supervision of Richard E. Esch.

Sincerely,

.;fé?%;%i’c 2 ﬂ{ 9444£¢¢/4f;/%

Keith E. Bushnell
Engineer of Transportation
Survey and Analysis Section
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This 18 Lthe sixth in & series of reports dealing with
:applications of Micﬁigan’s Statewide Traffic Forecasting

Model. The preceding five are:

VolumerIrA.‘ o Proceedings of the Statewilde
- ~ Traffic Forecasting Model
Workshop
Volume I-B ' Traffic Forecasting Applications,
‘ Single and Multiple Corridor
Analysis -
Volume I<C - Model Applicationst Turnbacks
Volume I-D o - Proximity Analysist Social Applications
' of Alternate Highway Plans on Public
Facilities
Volume I<E . ' Costheﬁefi; Analysis

" This report:is Voiume I«F, It dealg with an automated
routine which will q&antitétively.medéuré the amount of auto-
‘mobile_noise aﬁd air pbllutidn emissions at the system level.
ﬁsing this technique, it is possible to receive one kind of
estimate of the degree of air and noise pollution on alternative
highway plans.

Section 109(h) Title 23, USG as contained in Section 136(h)
of the-FeéeralvAid-HighWay Act10f 1970 requires that final de~
cisions on highway projects muét bg made in‘the best overall
public interest. More sﬁecifically, this-legislation, in
Secﬁions 109(1) and 109(j); iequires.that-each highway project
indlude an estimaﬁe of the amount of noise and air pollution

which will Be generated.



The ,problem of estimating automobile pollution does not
appear to be a concern of the Highway Department aiéne. It is
hoped that urban planners, public health administrafors, and
cpnservaﬁionists all might benefit from knowledge of the con-
centration of pollution.

| This report presents a device for quickly.and systematically
measurihg the effects of automobile pollution on the entire
trunk line system, Such a technique may be beneficial to the
Depértment in suppiying tﬁe information required bj the 1970 -

Federal<Aid Highway Act.







:‘Environmgntal conéervation and pollution control have
‘Become topiés of éonsiderable public interest in.recent yéars.
One goal of environmen;aiists-has been to come to terms with

" the problem of air and'noise_pollution, particularly in urban
and suburban areas, where medical studies indicafe such pol-
lution 1is becoming a2 health hazard. |

In all areas of Michigan, the automobile contributes its
sha#elto both air'and noise pollution, which in some areaslmay
ﬁave had a detrimental effect:on the environment. Yet, little
5has.béen'd0ne t§~devise-a system-level method to accurétely
:and effiéiently“astimate the amount of pollﬁtion generated by
automobile and truck tfaffic;_althoqgh many projectvpriented
routines have beeﬁ deviséd_fof tﬁis'purpose.

In view of these medicai,warnings and widespread public
concern, the Federal goﬁernment has enacted into law several
piecgs of legislation which are designed to ensure ﬁha: possible
adverse effects of air and.nbise pollution be evaluated fo; any
proﬁoéed project on a Federal-aid highway system. Among these
new laws is the Fedéfél«Aid Highwéy Act of 19?0 (P.L. 91-605),
‘which ciearly states fhat all highway projects must be planned
in thé best.ovérall public .interest, Furthermdrg, Section 136(h)
specifies that it is highly desirable to adopt a total highway

plan which minimizes air and noise pollution.
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The traditional approach to meeting these new Federal
" requirements 1is through-the use of project-oriented impact
"analysls routines. The primary'aésumption of these models.
ig that each highway or highway link is a separaté-and com—

plete entity in itsélf.‘ It is therefore concluded that the

amount of automobile air and noise pollution can be estimated
by considering only those traffic factors such as traffic
voluﬁes, average speed; and comnstruction type, which pertain

to the proposed highway. However, this apprdach can not

provide én aécurate estimate of the impact df the proposed
highway_on‘the‘pollution level of the state as a whole. It
should bé‘ciear-that ﬁhen a new highway is constructed, or an
cld upgraded, traffic which previously used other rqads will
be diverted to the new or the upgradéd highway, and_thérefore
the 9011ution levels on the old, unchange& roads Will‘be.dew
creased. _Consequénély, the actual increase in the pollution
level of an impacfed cﬁmmunity may be far different than the
sum of the pollution generated on the new highway plus.the
pollution‘genératé& on the.old roads,

. The projectworiented routine is not a dynaﬁic tool, and as
sﬁch it may ndf’provide as-accurate.an estiméte bf Ehe impact
of autom§bilé pollution in any arbitrarily specified area

as might be desired. Therefore, it may be beneficial to employ

a systemvievel qethod which will satisfy Federal requirements

and be sensitive to changing traffic patterns.
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It was the purpose of the Statewide Studies Unit to develop
a predictioﬁ model for levels of automobile air and noise pol-
lution which ;oﬁid'bé”inﬁegrated—with its systems analysis
app:oach ;o'highway impacﬁ éﬁaluétion. Only two courses of
actibn_were.féasible. Either the Unit could develop its own
cdmpu;pr program dépendihg uépn,thg Statewide ﬁodel,'or an
existing program céuld‘Be gdapted.to Statewide's analysis syétem
and.interfﬁcéd'wifh-fhé Staﬁewide Travel Model. Since Stagford
Researcﬁ'lhétitgte (SRi) and the Téstipg-andVRESearch Division
(T&R) of Michigan's High@ay Department had already dome con-
siderable work towardé fhé developmeﬁt of system-oriented
pdllution models; ;ﬁe secoﬁd plan of action was chosen.

- Copies of the-poilution_mo&els under consideration were
.easily thained.. it wés-found that the SRI pbllﬁtion models
are ép‘integral part of thé Stanford’NetWork Analygis Packagé
(SNAP), which was recenfly.purchased by the State of Michigan.
The T&R air and noise:pollﬁtion models, on the other hand;
were made avail#ble fo the'Séatéwide‘Unit through the cooper-
ation of the T&R_sﬁaffg | | |

Upén comparing the air poliution mddéls it was found that
thelone developed By_T&R'héd twp=draWbééks. First, it was
not, at that time, fuily Qperatidnal, and further research
would be necassary_beforé it could bg incorporated into the
Statewide system. Secondly, the T&R model required fore-

casts of weather conditions as input data. This information



was not readily predictable. On the other hand, the SRI model

was -completely operational, and the information required for input

data was either already omn the Statewide data files or easily

obtainable. Furthermore, the SRI model has an output format

of pounds emissions per square mile of the summary region, which

1s a quantity that facilitates comparisons between alternative

Highway plans. For the purpose of this report, output has been

‘generated.at the county level. The output format of the SRI

model is illustrated in figure 1.

Althqugh all three of the available noise pollution models

would provide adequate system~-level measures of the adverse

effects of noise, two considerations led the Statewide Studies

Unit to implement the SRI noise pollution model Before attempting

to interface either of those models developed by T&R. First,

both of the T&R models would have to be modified for use on

the Statewide system. Since the Statewide Studies Unit wished

to have a pollution model operational

in a short period of

time, the necesgity for further developing T&R's models was

.‘a‘drawback. - Secondly, the SRI model provides an estimate of

the:number of people affected by noise pollution at greatér

than 70dBA (refer to output format‘df

The origihal‘vérsion of the T&R model

" user-specified distances from highway

version, é;though producing estimates
affected by noise at a user—specified

the process of being modified.

SRI model, figure 1.

vields decibel levelgs at

links. T&R's second

of the number of people

decibel-level,rwas in




FIGURE 1:

OUTPUT FORMAT FOR

SRI AIR AND NOISE POLLUTION MODEL

Pounds Emission
Number of
People Exposed to

TOTALS

KEY: CO = Carbon Monoxide
HC ='Hydrocarb6ns

OXN = Nitric Oxides




It was decided that primary emphasié would be placed on estimates
of péople affected, and therefore the SRI noise pollugion model
was implémeﬁted; at a future date, the original T&R model would
be used in'conjunctién with the Statewide facility file to offer
- a différent perspective. on the levels of noise pollution, and

;he ﬁodifiéd version of the T&R model would eveéntually be
impleménted to offer comparative population estimates. |

Once iﬁ_had been decided to use the SRI éollutiqﬁ models,
it‘was ﬁeceséary to convert them from the'Fortraﬁ IV iangﬁage
used on the CDC-6400 comﬁuter to that version of therianguage
'used oﬁ_the Burroﬁghs B~5500 system. It was also necessary to
append'thoée statements which would eﬁable the pollutiOnrmodel.
lto aécéés-the Statewide highway link daté.filés.

Finallyp to'ﬁake the air and noise pollution mo&els ef~
nficieﬁf-to 0perate; they were meshed into one éompﬁtéf program,
and a demographic file containing input data Qas createé. It
was found that the Statewide system already had the necessary
data for. the demographic file stored in eiﬁher the socio-
‘econonic déta bank or the 1and—ﬁse data file. Therefore, a
routine wag written to combine this data into one workfile which

could be more easlly actessed by the pollution model.

1







The following data must be input tb the pollution model:
(A) For each highway link‘ |
(1) .Zone number
(2) Traffic volume
{3) Width of the righf_of way (in feet) : : i]i
(4) Length ofithe link (iﬁ ﬁiles) | i
(5) Averagé,traffic speed Kin miles per hour)
(65 Constiuctién type'(fofrexample, expressway,

construction at grade, depressed 20 feet or

more, etc.

(B) For each instate zone

(1) . County numbet'

-(2) Area (in square miles)

(3) Population estimates for the year of the
traffic forecast
(C) TFot the study as a whole

(1) Year for which estimate is to be made

(2) -Volume:factor whicﬁ'converts input volume
to hourly vélﬁme.

(3) Percent of carg‘in each of six age groups:

‘ "pre-~1968, 1968969,71970—72, 1973~75,

1975~79, 1980-on.

After preliminary computations, such as initializing arrays
to zero, the caleculation of the noise pollution indicator is
begun. (See data flow chart and prbgram operational chart,

figures 2 and 3, reépectively).
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FIGURE 3
PROGRAM OPERATION
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The initial task is to éstimate the distance from the center
Vof the highﬁay link's rvight-of-way to the outer edgé of the noise
polluted area, which is defined tc be that land area adjacent
to tﬁe link which is exposed to noise levels in excess of 70dBA.
The féllowing equations calculate this distance.

(1) A = [s8(vh+r)11/2

(2) B = s4(v2+a)
_—

(3) D70 = (B1/2)
Key: k and c denote comnstants
g 1s the average link spéed
7 v is the averége hourly‘volume.
One.half fhé width of the link's right-of-way is then subtracted
from the D70 vaiue; the resulting distance is the width of the
impacted area oﬁ one side of the highway'liﬁk. This corrected
diétanée isrthenrmultiplied by both the average éopulation
density of :he_zone through which the 1link pasées and the 1eng£h
of the 1link to yvield an estimate of the number of péople im~
pacted by noise pollution along one gide of the link's right-of-
way, Since population is assumed to be symmetricalfy dis-
tributed about the link, in order to get the final éétimate of
the total number of people affected by traffic noise (NPP), a
factor of Lwo must be introduced. Tﬁe eduation which performs
these célculations is:

(4) NPP =2 (D70=1/2ROW) (L) (P)
’ M

Where ROW is the width of the right-of-way, L is the length of

the link, P is the average population density, and M.is a constant.

w] 2~
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This method has a couple of interesting aspects. ‘First,
the number of lanes and the lane width have only minimal effect
on the distance to which the noilise level is projected. The

following_example illustrates this fact.

.o An observer 250 feet from the center of a .
6 - lane facility with a 25 - foot median‘would
be 246 feet from the effective center of the

noise source. If the median were increased to -

45 feet, he would be 244 feet from the effective
center.l In light of this observation, no factor
has been introduced to correct for these minor

differences.

Secondly,-thg congtruction tfpe oflthe link greatly influences
the 1evel'¢f nbisg pollution. For example, a highway containing
traffic signale would crégte significaﬁtlyrmoré noise then one
with limited access and no tgéffiCVSignals. Furfhermore,‘figure 4
élearly'shows that noise pollution of 70dBA or more is probably

exceeded only on freeways and expressways; therefore the State-

wide Studies model contéins‘correction faétora whiéh modify the
rate at which the model generates the noise pollution index, based
on the 1ink's construction type.

Aftér:the.noise pollutiqn index has béen calculated the

number of pounds or emissions per square mile of the three major

air'pollutants -—- nitric oxide, carbon monoxide, and hydrocarbons --

are compﬁted for all the counties as well as for any user-specified

1 :
G. E. Klein et al, Methods of Evaluation of the Effects of
Transportation Systems on Community Values, pg. 212.

-13-



NOISE LEVEL - DBA AT 60 FT.

FIGURE 4

SOUND LEVELS NEAR TRAFFIC
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REFERENCE: G.E. KLEIN Pg. 209
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speciél summary region. SRI has developed a system of non-linear
regression equatione to estimate the ocutput of these three pol-
lutants., TEstimates for different model years of autqmobileé are
generated separately, taking Into considération the lower emissions
'producea by vehicled made after the paséagelof Federal emission
gontrol iegislation. .As an example of this procedure consider the
‘folloWing~set of equations which was developed to estimate the
air emissions by vehicles in the pré—1968 date-of-manufacture
category.
(l)_'CO = (2-468*-35)(L)(VOL)(PCf)
(2) HC = (.1045<.66)(L)(VOL) (PCT)
(3) O0XN = .0125 L (VOL) (PCT)
 Key: S 1is average vehicle speed
L is”link length
VOL is average traffic volume
PCT‘is percentaée'qf cars using
the link which fall into
fhis age classification
It is intéresting to note in the preceding equationé that only
carbon monoiidel(CO) and hydrocarbons (HC) are depepdent on the
average link-speed. Figures 5 and 6 clearly illustrate this
relationship. For a complete chart of the regression equation
functionél‘relatibnships between emissions and épeed -- for
example,.2.465“‘85 in eéquation (1) =-- refer to figure 7, A more
precise explanétion of the_procedure which led to the derivation

of these coefficients is offered by G. E. Klein (reference 1).

-15-




FIGURE 5

CARBON MONOXIDE EXHAUST EMISSIONS FROM AUTOMOBILES OF VARIOUS YEARS
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FIGURE &

HYDROCARBONS EXHAUST EMISSIONS FROM - AUTOMOBILES OF VARIOUS MODEL YEARS
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FIGURE 7:
ESTIMATED EMISSION FACTORS
FOR NETWORK ANALYSIS.

. OXIDES OQF
: CARBO& MONQXIDE_ HYDROCARBONS NITROGEN
MODEL YEAR . (lbslp}le) (lbs/milg)ﬁ {(1lbs/mile)
o ~.85 -~ 66 '
Pre - 1968 2.468 L1045 L0125
1968 - 1969 L5487+ 48 045874 0125
1970 « 1972 | L3657+ 48 0308743 0125
; U . <. 45
1973 -~ 1974 o 368 48 .0308 .0066
' . = 45 :
1975 ~° 1979 7874 +00675 0022
- o .48 s -
1980 and on L0748 T 003487 L0011

Where S is the average vehicle speed in miles per hour

Referenceé G. E. Klein Pg. 182,

g
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General information about the development of the original

pollution model can be found in chapters 7 and 8 of Methods

of Evaluatlon of the Effects of Transportation Systems on

'Community-Values by G. E..Kleinr(et al) from SRI. The actual
programs, and the technical information telating to their use,
.can be found in SNAP Volume II, program EVAL (Passenger Trans-

portation Systems Evaluatidh), subroutine COMMUN.

>3
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TEST CASE
Thé test c&ée_coﬁsists of comparing an alternative highway
building plan with the "do-nothing" alternative, hereafter re-
ferrgd to as "“alternate 0 (zero)". This technique ;f comparison
with a do-nothing alternative follows thé action plan guidelines
established by the Federal Highwéy.Administration. Alternate O,
depicted in figure 8, is the basic 1970 highway network cufrently
in_ﬁse. ﬂ |
| It must bé Stréséed that this is'a test caée. All dinputs
‘to the pqllﬁtipn model ﬁaée noﬁ'yet been.edited for correctness.
Thereque;-therquel fEBulfs dispiéyed here should be used only
as an example of the ﬁypes éf outﬁut produced by the process;
they éannot be constrﬁéd as factuai pollution estimates for phe
alternates involved.
The compéréﬁive.éiternate, which will be refered to as
altefnate 1, is fdrméd by making thé'folloﬁing changes in
. alternate Q.
1) US-31 is upgraded to freeway sténdards nofﬁh of
Montagde;
2). US-131 is upgraded to frééway standards betweén M-57
and the M-72 inﬁerchange.
3) A new freeway paraiiels M-72 from Traverse City to
I-75,
The new roads are depictea iﬁ figure 9 as heavy dashed lines,
For the purpbses of the test runs, existing alternate
assignmenfs aiready compiete& by the Statewide Studies Unit

were utilized. Consequently, the year ZOOOIWas selected as
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the year of study, with all vehicles on the highway system
necessarily assumed to be of post-1975 manufacture date.
Furthermore, the option for a special suﬁmary report om a
user—specified area has been exercised for state district 3,
which is depicted in figure 10, since this distrié;_contains

the largest portion of beth US-31 and US-131. It seems

. reasonable to expect that the largest change in pollution

levels will occur in this district, fhereby providing a basis
fér.aﬁaly;ing the model's sensitivity. It is important fo
bear in mind that the routine provides only estimates of the
pollution levels induced by traffic on the highway:network,
and_therefore the output data should not be construed as

exact measurements. However, in com#aring alternate highway
development plans it is hoped that some Benefit may be derived
froﬁ cbmpéring tﬁe relative impact of différent highway net-
works.’

_In order to establish a basis for comparisom, the first
test run was made using alternate O, This-higﬁwﬁy system was
loaded with the level of traffic expected for the year 2000,
thereby‘produéing estimates of the pollution leveis which would
f@sﬁit if Michigan chose to cancel future.construction plans
and comﬁgntrate effort on highway maintenance. It was felt
thaf Ehecdﬁtput from this test run would provide a logical
basis for'cbmparing proposed construction plans in that the
change in pollution levels, if any, under alternate 1 would be

clearly indicated,

-23-
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19, CLINTON.wave5 81, MUSKEGONwuienns5 L . i s
26, CRAWFORD....d 62, e S J’ Tne wmsﬂ 5 | 44 \,
21 DELTAcererin2 63, W MET, | w7 P 77
22, DICKINSONw.1 64, 5 i | ‘ A
23, EATONuiwensd 65, 4 | ! ; . '
24, EMMET.oiiceveid 66, ONTONAGON..os: M e 50
25. GENESEEsew. 6  67. OSCEOL Avvrveessesd . L -
26, GLADWINversses . 68, OSCODAwireressasend 3 . 8 23 ;3 1 4 ‘{f’w .
27. GOGEBIC.muul - 69, OTSEGOuuiesmerreed : J 1 METRCPOL:T "™
28. GD.TRAVERSE 3 70, OTTAWAuesseerens 5 ATy LR piSTRICS
29, GRATIOTicieenad 71, PRESQUE ISLE.. 4 ‘ |
30, HILLSDALE...B8 72, ROSCOMMON.wermmd ] 80 39 - 13 383' 81
31. HOUGHTONwal 73, SAGINAW..coriniensts ‘
32, HURONuwessraeel 740 SANILAC.ierresersst oo w;+ e Eais | el S
33, INGHAMuesrsvesb 75, SCHOOLCRAFT..2 . 4 | 78 | . _
IONTAverrcunessnal 760 SHIAWASSE Evernrf ”j J 78 | 12 §F 30 ; 46 58
77. ST. CLAIR......MET. - SR 1
78, ST, JOSEPHueernd? I — i
79, TUSCOLAviirriornnd
38. JACKSONueowrssf 80, VAN BUREN..eese 7
39, KALAMAZOO.7 81, WASHTENAW....v.8
40, KALKASKAwuZ 82, WAYNE....rre MET,
41, KENTusisessnsnd 83, WEXFORDuersrens 3
42, KEWEENAW....1
T
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The output from the test run made on alternate 0 1is dis-
played in‘figure‘ll. The major portion of the output information
is contained in a chart which lists; by county, the calculated
pollutiqn-indices for the three air emissions -- carbon monoxide,
hydrocarbéns, and nitric oxides ~- which are measufed in pounds
pef square mile, and.the estimate of the number of peopie in
éach county impacted by traffic noise in excese of 70dBA. The
final line of the priméry oﬁtput chart presents the poliution
indices summarized at the state level. Note fhat the levels
of‘cagbon monoxide, hydrocarbons and nitric oxides are, re-
spectively, 627.66, 32;34, and 58.58 pounds per square mile.

Furthermé;e, 82,356 people thrqﬁghout thé;state are impacfed

by excessive noise.

Appended'to.tﬁe regular output table isg ﬁhe special summary
report foy district 3, whichuwas requested in the option |
statement.early in the program's operation. Thils report in-
dicates that 1535 people in this district are affected by noise

levels exceeding 70dBA under alternate 0, Moreover, there are

approximately 29.3 pounds of carbon monoxide, 1.5 poﬁnds of
hydrocarbons and 2.7 pounds of nitric oxides ﬁer square mile of
R §istfict 3! |
| Figure 12 is the output information from the test runs

on alternate 1. Of particular interest are the total state-

wide pollution levels, which are found in the last line of the
main output chart. It is these quantities which facilitate
the comparison of alternate 1 with alternate 0. Note that the

-air pollution indices under alternate 1 are 611,49, 31,50 and
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FIGURE 11: ALTERNATE (ZERO) OUTPUT

EMISSIONS (POUNDS) PER SQ. MILE

" NO, PEOPLE EXPOSED TO

COUNTY co HC NOX NOISE LEVELS > 70DBA
1 0.89005 0.04598 0.08655 1
2 0.83965 . 0.04318 0.07606 22
3 5.59199 0.28898 0.54683 737
4 2.25800 0.11661 0.21815 146

.5 1.52615 ° 0.07859 0.14102 117
6 4,25164 0.21980 0.41788 140
7 0.82010 - 0.04219 0.08459 26
8 '2,74083 0.14108 0,25106 318
9 14.75462 0.76067 1,39433 1182

10 - 1,95369 - 0.10062 0.18048 125

11 17.00697 0.87729 1,61993 2767

12 4.41070 0.22743 "0,41730 263

13 11.46951 0.59242 1,11421 1613

14 ©5.,19398 0.26779 0.48870 663

15 1.71699 0.08838 0.15724 94

16 2.54168 0.13149 0.25239 106

17 0.,92746 0.04779 0.08673 140

18 4,71808 0.24353 0.45368 154

19 7.15959 0.36968 0.68976 415

20 2.62223 0.13562 0.25975 37

21 1.57631 0,08125 0.,14744 97

22 1.65734 0.08481 0.13911 40

23 10.69491 0.55016 0.97514 1545

24 3.47846 0.17893 0,31566 109

25 25,59498 - 1.31592 - 2.31887 16123

26 1.72492 0.08880 0.15840 99

27 0.92124 0.04728 0,08076 23

28 3.65776 0.18825 0,33427 217

29 - 5.41568 - .0,27890 0.50322 203

30 3.03378° 0.15621 0.27930 316

31 1,67725 0.08605 0.14610 202

32 2.11480 '0.10891 0,19516 333

33 21,1725¢4 1.08708 1.87734 843

34 5.38058 - 0.27792 0.52219 500

35 2.38090 0.12283 0,22639 340

36 0.67088 0.03452 0.06118 57

37 4,29044 0.22116 0.40467 187

38 11.29883 0.58283 1.07810 1737

- 39 13.89121 0.71615 -1,31462 3191

40 1,20488 0.06210 . 0.11276 36

41 19.46514 1.00383 1.84471 3340

42 0,18281 0.00942 0.01689 A

43 1.30828 0.06738 0.12086 28

bb 4,80367 0.24730 0.44089 465

45 1,66853 0.08592 0,15383 156

46 5.65013 0.29094 0,52059 939

47 11.10655 0.57538 1.12811 1018

48 0.58909 0.03034 0.05443 36

49 2,09327 0.10784 0,19449 119

50 40.14061 2.06803 3.73801 7140

51 1,75535 0.09042 0.16267 214

52 1.43771 0.07373 0.12453 247

>3 2.75182 0.14133 0.24427 82
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ALTERNATE O

FIGURE 11 (continued)

EMISSIONS (:POUNDS) PER SQ. MILE

NO. PEOPLE EXPOSED TO

COUNTY co HC ~ NOX NOISE LEVELS > 70DBA
54 2,89292 0,14901 0.26804 120
55 1.73347 0.08879 0,14790 82
56 5.73948 0.29544 0.53118 1213
57 0.91826 0.04723 0,08308 37
58 16.26689 - 0.84123 1.60874 1879
59 3.96817 0.20400 0,35638 325
60 0.90099 0.04640 0.08323 28
61 11.55503 0.59420 1,05086 783
62 1.90073 0.09778 0,17274 173
63 37.33054 1.92613 3.56650 8908
64 2.60654 0.13417 0.23901 84
65 1.92521 0,09913 0.17733 85
66 0.73447 0.03783 006794 59
67 2.87678 0.14823 0.26764 156
68 0,98183 0.05060 0.09157 23
69 2.20686 0.11416 0,21928 51
70 9.42452 0.48646 0.90487 1479
71 1,09699 0.05650 0.10184 108
72 3.59761 0.18598 0.35357 120
73 13.71742 0.70424 1.21423 2358
74 2.28844 0.11790 0.21255 359
75 0.85576 0.04413 0.08063 17
76 6.28091 0.32372 0.58877 508
77 8,05085 0.41364 0.72054 1719
78 5.61603 06.28917 0.51810 846
79 3.21273 0.16499 0.28395 421
80. 6.79077 0.35096 0,66530 1067
81 19.73148 1,01863 1.90447 5056
82 141,06542 ©7.26013 12.94511 5089
83 3.21301 0.16531 0,29270 119

TOTALS 627.66465 32.33712 58.57966 82356

KEY: CO = CARBON MONOXIDE

HC = HYDROCARBONS
NO

X= 0OXIDES OF NITROGEN
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THE SPECIAL STUDY ZONES ARE 5
10

15

18

28

40

43

45

- 51

53

57

67

83

CO = 29.,26958 LBS PER SQ:MILE
HC 1.50728 LBS PER SQ MILE

NOX= 2,70449 LBSPER SQ MILE . .
NUMBER OF PEOPLE AFFECTED BY NOISE . 1535

CARBON MONOXIDE
HYDROCARBONS _
OXIDES OF NITROGEN,

KEY: CO
HC
NGX

oo
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?FE@URE 12: ALTERNATE 1 OUTPUT

EMISSION

co

0.89052
0.83965
5.59208
2,25819
1.52615
4.25238
0.82010
2.74083
14.75462
1.76737
17.00696
4.41070
11.46951
5.19398
1,71699
2.54168

0.92746
4.71884

6.73825

2,62290

1.41702
1.65780

10.69491

3.47846
25.59527
1.72492
0.92124
3.53240
4,12023
3.13724

1.67725

2.11480
21.17257
5.38058
2.38132
0.67115
4.29044

11.04965

13.89121
0.61880
19.46422
0.18281
1.30828

4.27410

1.66853
5.65086
10.93183
0.58909
2,40863
38,88357
1.34726
1.43771

1.53754

S (POUNDS)

HC

0.04601
0.04318
0.28899
0,11662
0.07859

. 0.21984

0.04219
0.14108
0.76067
0.09102

0.87729 "

0.22743

0.59242

0.26779

0.08838.

0.13149
0.04779

0.24357

0.34785
0.13565
0.07302
0.08483
0.55016
0,17893
1.31593
0.08880
0.04728
0.18179
0.21177
0.16154
0.08605

0.10891
'1,08708
.0.27792

0.12285
0.03453
0.22116
0.56996
0.71615

0.03184"

1.00378
0.00942
0.06738
0.22003
0.08592
0.29098
0.56635
0.03034
0.12420
2.00319
0.06940

0.07372
0.07880
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PER S5¢. MILE

NOX

0.08659
0.07606
0.54684
0.21819
G.14102
0,41796
06.07459
0.25106
1.39433
0.16329
1.61999
0.41730
1.11421

0.48870

0.15724
0.25239
0,08673
0.45370
0.64689
0.25976
0.13196
0.13913
0.97514
0.31566
2.31889
0.15840
0.08076
0.32265
0.37141
0.28887
0.14610
0.19516
1.87735
0.52219
0.22644
0.06120
0.40467
1,05388
1.31462
0,05645

1.84475

0.01689

0.12086

0.39201
0.15383
0.52064
1.11112
0.05443
0.22711
3.61894
0.12501

0.12453
0.13212

NO. PHOPLE EXPOSED 'to; |
NOLSE LEVELS - 70DBA

52
22
765
242
117
208
26
318
1182
145
3424
263
1613
663
94
106
140
190
1084
41
174
92
1545
. 109
16479
99
23
414
203
346
202
333
1544
500
524
62
187
1722
3191
35
4276
4
28
734
156
1161
1018
36
132
8018
273

247
86




ALTERNATE 1
FIGURE 12 (continued)

NO. PEOPLE EXPOSED TO

COUNTY Co HC NOX NOISE LEVELS
54  1.13630 0.05842 0.10204 115
55  1.73347 0.08879 0.14790 82
56  5.73948 0.29544 0.53118 1213
57  0.91826 0.04723 0.08308 37
58 16.26645 0.84121 1.60877 2176
59  3,39551 0.17446 0,30213 341
60 0.90099 0.04640 - 0.08323 28
61 11.50692 0.59172 1.04641 785
62  1.90073 0.09778 0.17274 173
63 34,21116 1.76548 3.27783 11791
64  0.20282 0.01048 0,01972 66
65 1.92521 0.09913 +0.17733 85
66  0,73447 0.03783 0.06794 59
67 1.83991 0.09483 0.17216 159
68  0.98183 0.05060 0.09157 23
69 2.20686 0.11416 0.21928 51
70 9.42483 0.48648 0.90491 1805
71 1.09699 '0.05650 0.10184 108
72 3.59761 0.18598 0.35357 120
73 13.71742 0.70424 1.21423 2358
74 2,28844 0.11790 0.21255 359
75 0.82263 0.04242 0.07757 22
76  6.,28105 0.32373 0.58879 563
77  8.05099 0.41365 0.72057 1767
78 5.61628 0.28919 0.51812 900
79 3.21273 0.16499 0.28395 421

80 6.79077 0.35096 0.66530 1067
81" 19.73155 1.01863 . 1.90448 5157
82 141.06899 7.26030 $12.94520 8307
83  2,19294 0.11273 0.19734 224
TOTALS 611.49444 31.50353 57.06171 95030
KEY: CO = CARBON MONOXIDE
HC = HYDROCARBONS

EMISSIONS (POUNDS) PER SQ. MILE

NOX= OXIDES OF NITROGEN.




THE SPECIAL STUDY ZONES ARE 5
10
15

is8

28

40
43
45
51

53

57
67

83

CO = 24,69327 LBS PER SQ MILE
HC = 1.27148 LBS PER SQ MILE
NOX= 2.27873 LBSPER $Q MILE
NUMBER OF PEOPLE AFFECTED BY NOISE 1958

KEY: CO:.= CARBON MONOXIDE
- nc HYDROCARBONS
NOX= OXIDES OF NITROGEN,.
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57.06 pounds per square mile for carbon monoxide, hydrocarbons,
and nitrie oxideé, respectively. Moreover, 95,030 people in the
state are impacted by noise in excess of 70dBA.

Compgring these results with those obtained on alternafe 0,
it is clear that alternatérl is not totally advantagous. Although
the air emission levels decrease significantly for all three of
the air pollutants, the number of people affectedrby excessive
noise sharply Increases. Howe?er,‘these results are totally
coﬁsiétent with thé program's method of calculating the pollution
'iqdicatqrs. Recall that the equations which generate the air

, 1 .
pollution indices dare of the general form f(gk, L, V, PCT), while

g(sn’ vh) is the general form of the equations which calculates
the estimate .of the number of be0p1e impacted by excessive
traffic noise. 1In these equafiong S is the average speed on

the 1ipk, V is the average hourly volume, L is the length of

the 1ink; and PCT is the percentage of cars in thé specified

Age group; k, m, and‘nlare constants. It is important to note
that.in these equatiéns therincréasé‘in tréffic volﬁme and |
traffic sﬁeed, which result when US-31 and US-131 are upgraded
ﬁo.freéway standards, affect the "f"_and "o" functions in com-~
pletely different ways. Since the”"f¥function" depends on V/Sk,
thé increase in vélumé is'éountefbalanced by the increase in
average vehicle speed, Therefore,rit is entirely consistent
with these equatipﬁs to have a decrease in the air emission
levels under alternate 1. Following a similar link of reasoning,
and noting that the "g-function'" depends on V S, the increase

in both of these factors logically leads to an increase in the

noise pollution indicator.
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The special summary reports on district 3 conform to the

gsame pattern as described above. Specifically, the number of

people affected by rniolse 1nrexcess of 70dBA increases from 1335
under alternate 0; to 1958 under alternéte 1. However, the

air pollution levels decrease significantly. For example, the
level of carbon monoxide decreasés_approximately 16%, since on
alternate O-there.are.29.3 pounds per square mile, while

"

alternate 1 produceéﬁ only 24.7 pounds.
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FUTURE IFICATIONS

The air and noise pollution model, as implemented by. the

Statewide Studies Uhit, is a systematic routine which can be
used to provide an éstim#te of the pollution levels in all of
Michigan's counties and for any user-specified special county
suﬁmary, Furtﬁerﬁqfe,fthe pfogram can be modified.to make it
more résponsiveﬂﬁé thérnee&s'of the individu;l uéef and to pro-
vide a more accurate méaéurement_of pollution 1evels.‘

In éomp#riné the benefits of algernative highway projects,
an output format'which.fﬁ;niéhes informétion.sumﬁarized to any
usér“specified 1evel-m;y be desirable. The modifications re-
quired to providé this kind of-iﬁqumation can be accomplished
with minimal time and effbrt, since it is only necessary to
revisg the pfogram's méthdd of ggnerating summaries.  In fact,
ﬁith the present structufe of Statewide's pollution model it is
possible to.provide-inforﬁation at various levels, for example
by individual zone or bj any combination of zomes or counties,
or by‘the state planning_régions shown in figufe 13. In this
sense the program is extremely flexible and responsive to the
needs of the indiﬁi&ual usér.

In thg-discussion of the program's dﬁeration it has been
stateddthat the coﬁstruction type of the highway link is an
important factor'in-determining the level of noise pollution.
The SRI model proposes dividing highway'construction types into

five basic gréups:
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COUNTIES -
DET., . . DS T.
i 1. ALCONAwwmed 43 'LAKE.oveeeeesrerss ?
2 ALGER.viveveess? 44, L APEERuwmmni
3. ALLEGANumud 45, LEELANAU..co 3
4. ALPENA..wuad 46, LENAWEE......... 8
5. w3 47. LIVINGSTONuurene8
5 48, LUC E.civrerurnsrens 2
7. BARAGAwme] 49, MACKINACuoomn 2
B. BARRY.veerneen? 50, MACOMBuesseses MET. -
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14, CASSuvmecinnnns? 56, MIDLANDavrvsssses 6
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17. CHIPPEWA.ciu2  59. MONTCAL Meseenns 5
18, CLARE...ccsrnnnd 60, MONTRORENCY, 4
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25. GENESEEwiean 6. 67, OSCEOLAviessernad
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27. GOGEBIC.uml 69, OTSEGOuerrersernned
28, GD.TRAVERSE3  70.  OTTAWAurursrarsore 5
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37. 1SABELELAww. 5 79, TUSCOLAviiiieinid
38, JACKSON.cvversb 80, VAN BUREN.uuen. 7
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(1) expressway

(2) construction at grade

(3) elevated on narrow f£11l

(4) elevated on broad fill .

(5) depressed twenty feet or more.
However, at present the model developed by the Statewide Unit
discriminates between links on the basis of the general clas-
sifications such as exﬁressways, primary and secondary trunk
line, and centroid 1ink. This method is basically satisfactory,
since noise‘polluﬁion in excess of 70d4dBA océurs‘only on free-
ways and e#pressways, and the level of air pollution is independent
.of link construction typés. Yet, using this procedure it is not
possible to accqunt_for the decrease in the noise pollution
index due‘for-example, to the twenty foot high embankments
adjoining depressed Eacilities,lalthough such embankments reduce
the distance traffic noise is projected by as much as a factor
of ten. Therefore it will ultimately bé necessary to accumulate
the required data on link construction types as specified by
SRI and enter this &ata into the Statewide highway 1link files.

At present the pollutioh model assumes a standard truck
mix on all-highways of tén percent of the/total trafficrvolume.
This is‘an averaged value, and therefore the pollution indices
do not reflect the exact level of pollution since, for example,
no allowance has been made for calculating the extra pollution
which exists along heavily traveled truck.rodtes.'.To deal with
this situation the modified version.of the T&R noise pollution

model will be introduced as soon as possible as an alternative
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to the SRI method, since this T&R model allows the user to enter

the level of commercial traffic on each link as input data,

thereby offering a more precise estimate of additional pollution
due to trucks. The data necessary to implement the T&R model
is already part of the Statewide highway link file.

The Statewide Studies Unit will be pleased to discuss any

other modifications which would make the pollution model more
responeive to the needs of highﬁay agencies. As always, the
objective is to develop an efficient, accurate, and completely

accessible tool. Any suggestions to that end will be greatly

appreciated.
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APPLICATI

The autoﬁobileraif-and noise pollution model was developed
by the Statewide Stﬁdiés Unit pfimarily to‘offer the Highway
Deﬁaftmént a systém—levgl.method of estimating the ﬁollution
1év¢ls on Michigaﬁ's‘highwajrnetwork. It is hoﬁed that this
routine may be Of.some use 1in satisfying'the‘requireménts of
the 1976 Federal-Aid ﬁighway Act; which makes it mandatory for
the State of Michigan to conduct an enviqumental—impact analysis
for each proposed Fedérél%Aid highway project. Furthermoré, due
to. the system-level ptpcedure employéd by this foutine, it is
aﬁtigipated that management will find it helpful when comparing
the'étatewide-impact of alternative highway plans.

| The pollqtion model is user—ofientéd. As developed by the
St3§eWide Studieé_Unit; the pollution indices are generated at
the'county-leVelg with an optiénal special summary report
appended for any cﬁmbinétion of counties as specified hy the
user. However, reports can be produced for virtually any
summary region by.perfofming ﬁinor modifications in the summary.
routine, thereby offering both geﬁeral over-views of the system-
wide pollution levels and'detailed én#lyses of the areas of
special interest.

This versatility suggests severél possibilities for the
‘quél's appiication outside the area‘of transportation planning,
such as measuring the impact of automobile poliution on both

public and private facilities.
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More gpecificaily, in conjunction with the facility file, )

Sfatewide'é pollution model can be used by governmental agencies
to measuré fhe impact of automobile pollution ~- especially noise
pollution -- on the public facilities under their supervision.

As presented iﬁ the digcussion of program operation, the SRI noiqe
pollution model-computes'a "pollution band", which is the land area -
adjacent to the highway's right-of-way that is exposed to noise

levels greater than 70dBA. The facility file then provides the

coordinates of the building or building complex under con-

sideration, and a check can subsequently be made to determine jT
if those coordinates are within the impacted area. Using this
‘routine,-it méy also be possible for the Highway Department to
advise public administrators about the impact of new highways
on their facilities by comparing the relative sizes of the

pollution bands. This is possible because pollution is'measured

on the system-level; therefore changes in traffic flow patterns,
which alter pollution levels, can be taken into account.

It should be noted that the generality of this process

makes it applicable to the commercial and industrial sectors
of the economy as well. Once the coordinates of an industrial
plant or commercial center are incorporated into the facility
file it is possible to perfdrm an analysis 0of pollution levels

as described above,
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The goal of the SﬁatewideVStddieé Unit was to develop a
sysﬁematic routine to provide estimates of the air and noise
poliution genéra;ed by traffig on- the sﬁate's highwaﬁ network.
The need fof develdﬁiné a model of this type is clear. System

109 (h) Tiflé 23, USC as contained in Section 136(h) of the

Federal-Aid Highway Act of 1970.fequires thdt all future Federal-

aid higﬁWay ptojects conéider the environmental impact of the
proposed cénétfuctionf It is h&péd.that the routine presented
in this report may aséisé'the management of the Highway Department
in meeting‘thesé new régu1a:iohé.

In its present form, the output information is summarized
to coﬁntywlevél,‘with a specilal sqﬁmary a:eé report appended
aé épeéified Fy the.user;‘ However, the §resent method of
generating summaries_ﬁap be easily'médified-to produce output
information aﬁrvirtﬁaily any gser—spécified level. It is felt
that this versatility will greaﬁly expand the écope of pos-
sibilities for the modelfs applidation. VFér exémplé,-it may be
possible for théiﬂighway DePQrtmen: to Q&Vise therDNR about
the anticipéted'imﬁact new highwa§ cdﬁstruction will have on
their faéilitiesr

It should again gg made clear that the output tables and
charts displayed in this repoft‘ﬁere made for demonstration
purposes only, using the most up~to-date networks of the Staﬁe—,
wide Studies Unit. As more comﬁleté fiies are created, it
will bg ﬁossible to-meaéure pollution levels on all of tﬁe pro-

posed chaﬁges.to—the'state's highway system.
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