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1.0 INTRODUCTION

o The propoéedpNJdDoTﬂalignmentkfor-the ektension oeroute -
18 Freeway through New Brdnswick; N.J.,prOposes'that,the four
lane,diVidedrhighway pass‘the'George Street dormitoriea of

Rutgers University;e fhe propOsed'alignment‘at thia-point,rfolloWS'
thevbed of the existing.Delaware and'Raritan:Canal,‘as shown in
'FigUre i-l . The NJSDdTVhas eatimated the average*dailyttraffic

on the extended Route 18 Freeway behlnd the dormltorles. This

"e'trafflc prOJectlon 1nd1cates that the peak hourly volume behlnd the

‘dormltorles-ln 1975 w1ll be 2700 vehlclee per‘hour.and will be
4300 vehicles per hour. in 1995. lThiS'report(is part of an environ-
mental,impact'study’toievaluate the,air‘pollutionvimpact of the

proposed Route 18 Exten31on.

: 1.1’. StudyﬁOb1ect1ves

| 'The air pollution‘impact‘atudy:condccted was structured to
achleve two spec1f1c ohJectlves, namely, |

"_ a) To estlmate the carbon monox1de (CO) level that the Freling-
huysen Dormltory would| be subJected to as a result of vehlcular
‘.‘trafflc along the Route'18 extenslon as‘proposed by the NJSDOT.
b)f To determlne the effect on the’eatimated carbon monoxide
_Alevel at the Frellnghuysen Dormltory 1f a deck were to be added
over ‘the roadway near the dormltory |

| 1.2 Study Implementatlon

The_study objectives were achieved by a combination of
carbon monoxide measurements and analytical evaluation. The

1-1
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'ZfirSt‘objective was'accomplishedpby'measuringltraffic generated‘
CO at the Rutgers-Unluersity Music Building_adjacent:tofan.»
eXistingrsection oleem Jersey‘Route;lS and then'translating‘the
: results of this.measured.CO”to the Frelinghuysen Dormitory*

| The second obJectlve was reached by mathematlcally modelling
trafflc/CO data assoclated w1th a decked roadway for varlous
rumeterOlogicaluconditions possible at the dormitory site.

1.3 ‘StudydParticipants,r

The field work.and data analysis for this study wererper- A
formed by the Ganeral Electrlc Company under a subcontract to

’_'Klng and Gavarls, Consultlng;Englneers.V Trafflc data was collect-

f
i

ed by the New Jersenytate_Department of Transportation. »Data on

' ”wind,speed1and‘direcﬁion,used in the analysis were obtained by

T T R o |

GE ccnducted~on-Site§measurements.;
‘ . SHEnES

1.4 Study Report -f_* ’f';p'-’p-
| Th1s report descrlbes the study, summarlzes the results and
presents carbon monox1de concentratlon proJectlons and conclu51ons
'based upon ‘the results., Sectlon 2 0 cons1sts of the Summary and
7Conclu31ons.v The Study Program and the results obtalned are de-
scribed in Sectlon 3 O AInstrumentatlon and callbratlon technlques‘
used are 1ncluded 1n‘Sectron 4. 0. | Test data obtalned 1s 1ncluded
k’1n Sectlon 5.0. The derlvatlon of the math models used in thlS

"report are descrlbediln Sectlon 6 0 Photographs pertlnent to

Vthls study are grouped 1n Sectlon 7 0.

s1-3



2.0 STUDY FINDINGS

2.1 Sumery

2.1,1. Ex1st1ng,Carbon Monoxide Level at’Frelinghuyeen Dormitory

i
The average carbon monox1de concentratlon level at the Fre- v
s

v 11nghuysen Dormltory was l 6 ppm for the two week monltorlng
t perlodb “As shown in. the tabulatlon below no 31gn1f1cant dlfference

',in1average=concentratlon levels was dlscernable between low and
high-elevation 1ocatiohs. Average hourly concentratlons 1ndoors

. r

- at all locatlons 1agged outdoor average hourly carbon monox1de
ylevels by approx1mate1y l hour. Outdoor concentratlons exhlblted 3

a 1arger average hourly varlatlon than 1ndoor concentratlons

-
|

Average carbon monox1de 1evels were equal on both 31des of the

_‘dormltory.‘ . ;

LOCATION o CO‘CONCENTRATION - ppm

PERIOD R 'gv'~[WEEKDAY BEEER _

L . AVE, ' Ave, Min., = Max, Range
 6th Floor-Out-Front 1.1 1.2 .6 2.9 2.3
~ 6th Floor-In-Front 1.1 1.2 - T 2.0 1.3
- 1st Floor-Out-Front 1.4 1.6 1.0 2.6 1.6
~ 1st Floor-In-Fromt 1,3 ~ 1.5~ 1.0 2.2 1.2
‘Mech. Rm.-Out-Rear 1.6 1.6 1.0 2.8 1.8
~Mech. Rm.=-In-Rear = 1.7 1.7 1.1 2.8 1.7
6th Floor-Out=Rear 1.4 =~ 1.6 9. 2.7 1.8
' 6th Floor-In-Rear 1.5 = 1.6 . .9 = 2.4 1.5

- George St.-Front 2.9 3,5 2.9 4.8 1.9 -
2.3 24 1.8 31 13

‘Parking Lothear’

The carbon monox1de concentratlon 1evels at each 1ocat10n

| monltored varled throughout the day from day to day ’ Whlle the

l

. dlurnal varlatlons_ln;COxlevel show 1nd1catlons,of,being‘traffiC»
: v S B T _ s

*,'related;’the correspondence with George‘Streetftraffic‘is
R _ o -

: "7f2;1‘v;



'unusuallyrweak 'The;datazstrongly suggests thatﬁnotorcycle and
automotlve trafflc in and out of the parklng lot, which is ex~-
}cluded from the trafflc count, s1gn1f1cantly 1nf1uenced the carbon ;
monox1de level‘ Varratlons in the Co level from day to day in

: 1 »
,general can be related to dally trafflc volumes. These dally re-
latlonshlps, howeveraparestrongly determrned bymeteorological'
conditions,'i;eg»windpdirectlonandGWind speedbas‘shown‘in‘
‘:1 Flgure 2.1=-1. . lfi;fp!.g o |
| Cowparlsoniof the upperuplot daily vehlcular volume,
‘w1th the bottom two plots, CO Concentratlon at probe locatlons :
1A & 5B w1ll show an’ apparent lack of correlatlon° However, con--

: 31derat10n'of thermeteorologrcal cond;tlons, shown on the middle

i

o oo ) 1 'v ‘
two‘plots, provides a clear relationship.‘ (Location 1A was on
. 4 , _

the George Street 81de of the Dormltory whlle location 5B was on
the parklng lot s1de‘) Garbon monox1de levels on 4/20 and 4/22

.are hlgher on,the.George Street s1de than expected for the trafflc
j‘ recorded on those days. Conversely, the parklng lot concentratlon
b'levels are lowergj ngh w1nds blow from the river on 4/20 and
4/22 The prevalllng wind on the other three days blew from
George Street towards the Dormltory. . | |

As shown 1n‘F1gure 2, l 2 wh1ch dlsplays d1urna1 data

for 20 Aprll the hourly changes in George Street trafflc affect
CcO concentratlons for the three probes shown (Probe lB is 1ndoors on

»‘the George Street s1de) during the mornlng rush hour perlod The

CO/trafflc relatlonshlp, however does not hold for the evening

2-2



AN ERARS TS R S : . : ; 444 t ! T
: 17t ! ) T I t T
t 1 T 1 T T ) T |
e i I 1 i T T
d T i i = -
f : Eni
T L
I ;
; :
¥
T ; T
i ; '
T i
14 3
; !
1 T
i ;
I B
I s
Hiits

i
i
Ll




RX 8

4

EENERNEE]

1_1lrr vl |
Riln ", -
1 h e
L ]
v 1]

o T »
W ]
[ i b : ]
H 1 1 T

L+

T
i
&-1?.Nﬂ. T i b d
! N I L &7
n i : EEEE YN
S I 1
ERENY N } i
= NEED. aER
! 2 EEEL SN
N L @]
NN t e
I o
1 1
B " T T

7!
7
7!

g
INENE
I B
i |
N RN}
.

NN NN

1 N

[H|

2<4




, o | | - o v
rush hour peak., Examination of the concentrations for Probe SB

'~w1ll show that the CO level was - hlgher durlng the early AM hours

when the w1nd was from the west and trafflc was at its lowest

than when hlgh trafflc and easterly w1nds occured in the late

- afternoon and‘evenlng,

o
o

- 2.1.2 Existing'Carbon'Monox;ge Level,at MusicoBuilding~

|
]

ThefaVerage‘carbon’monOXide~concentration'1evels at the
Mus1c Bu1ld1ng lndoor and outdoor 1ocatlons were 1ess than 3.0

'ppm throughout the two week monltorlng perlod No 31gn1f1cantxu

: f

difference in average concentratlon was notlced between the

J

two locatlons at the Mus1c Bulldlng and the George Street access

1

ramp measurement'p01nt. As expected hlgher CO levels were re=

_,corded at both the edge of the: east bound 1anes and the medlan
~strip of,Route 18 ‘The total perlod average concentratlons, and:

gthose for the weekdays'only,rarefshown1beloW;

i
|

I :CO.Concentrationsarﬁ‘}mrﬁaffv«xffft”

Mus1c Bldg. ‘faAccess Ramp B «RouteflS‘

| In ~ Out  Edge = Edge Median
Total Ave. 2;1 2.0 2.1 46 6.3
 Weekday Ave. 1.9 1.9 1.9 46 6.1
Weeday Min 1.4 1.3 9 1.6 2.3
Weekday MaX ‘ 2‘.2 2.4 2.8 - 90‘0 9,,4
1.1 1.9 74 7.1

- Weekday Range 8



Concentratlon levels 1ndoors lagged outdoor levels
}>generally by about 1 honr and showed a smaller average hourly
varlatlono_ As shownxln Flgure 2 1-3 the ‘carbon monox1de level
~at the two Mu51C»Burld1ng loeatlons appeared to be more responslve
to the ramp edge condentrations than to Route 18 concentrationso
Whlle both the road edge and medlan strlp CO levels show good
corelatlon with Route 18 trafflc,_ the dlvergence'of the median
- strip concentratlonsfdurlng,the 7 -9 PM‘period‘suggests‘that
_this_monitoring locationgis affected‘by:traffic'on.theaccess
ramp. It will beonoted that‘the‘concentrationsvat the ramp_'v
edge and both Mneic .' Euilding‘vmonitoring 1ocations followed this
ahort term peak Conversely, the P M trafflc peak at 4 PM was
:not recognlzed at the Mu31c Bu1ld1ng. : |

Flgure 2. 1-4 portrays the dally characterlstics measured
" at the Mus1c Bulldlng s1te°‘ (It shotild be noted that_dlfferlng
'fqnantities'of~data was ohtained forthe three aets}ofgCO concen=-
trations presented° lWhile the.lndoor/outdoOr data can he com=
dpared rlgld comparlaon w1th road and ramp edge should be av01ded
Srmllarly road and ramp edge may be compared as a pair, but not
with other CO Data. ) These plots clearly deplct the 1nterrelat10n
ofltraffrc volume, Wanddlrectlon, w1nd'speed_on the CO concentra=
rtion,at:the five'monﬁ;toringvlocationso :Examination of the median
rstrip plot will show%that~daily'C0 levels appear more'responsive
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to meteorological conditions than vehicular volume. The tamp
edge levels show peaks on the three Saturdays; but the road

edge conditions for those'days do not fluctuate to the same
»degreeo This strongly:suggests that Route 18 has little direct
impact on ramp edge COjconcentration and that ramp traffic varies
differently than Route 18 traffic. The indoor/outdoor plots
again show the delay of indoor levels with respect to outdoor
concentratiohs._

The diﬁrnal variations in carbon monoxide concentrations
recordéd at the five monitoring locations at the Music Building
site are clearly traffic relatedo Each location displays typical
hysterisis type turves of CO level versus traffic. Figure 2,.1=5,
for the Route 18 median strip location, is representative of all
locations. The starting hour for the diurnal CO/traffic readings
are indicated on the ﬁlot. It will Be noticed that under continuous
decreasing traffic volume conditions, the CO level decreéses more .
slowly than average, For continuous increasing traffic volume
conditions, thevCO level increases more slowly. During periods
of relatively steady traffic conditions, the carbon monoxide con-
ééntrations approach a more répresentative CO/traffic telationship°

The average carbon monoxide traffic relationship of a
roadway_configuration‘can be described in terms of the site vehicular

pollution factor, ie the hourly average concentration produced

2=9
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| per vehicle;»'Route 18, as seen at the median strip, was deter-
nined to have a yehicle pollution factor of 3.8 x 10™3 (ppm -
vhr/veh);f The combinationvof’Route 18'and ramp traffio produced
a vehicle'po}lution faotor of 1,2 xk10'3.as‘seen outside the

!

Mhsic‘Building on the'basis of only Route 18 traffic.

2.1.3 Anticipated Carboannokide Level at»Frelinghuyser Dormitory
The average carbbn monoxide level at the Frelinghuysen
dormltory subsequent to the openlng of the proposed Route 18
- hExten81on (undecked roadway) w111 be 1ncreased by 2.2 ppmbln
1975 and by 3.5 ppm 1n 19950,-Assum1ng-the non. Route 18 trafflc
generated carbon monox1de 1evel at the dormitory site does not
-change from its 1972 1evel the«average Cco concentratlon,at ‘the
» dormltory.w1ll.be‘approx1mate1y 3.8 npm in 1975'and 5.1 ppmuin
1995, ! | | |
The ant1c1pated carbon monox1de level w1ll vary from these
estimated levels from day to day. and throughout each day. The
. dally CO level w111 be 1nf1uenced by the day of the week and the_ S
prevalllng meteorologlcal condltlonso Weekday concentratlons
- will be s11ghtly hlgher than concentratlons on Saturdays and
Sundays as a result of greater weekday traffic. The quantlty of
'Route 18 traffic generated CO seen along the. parklng lot face of
-Frellnghuysen will be hlghest when the wind is stable and blowing -

1
i

fdat 1 to 3 m.ph° | B
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Dur1ng a typlcal day, ‘concentrations at the dormltory will

vary d1rect1y w1th d1urna1 changes in trafflc volume and 1nd1rect1y

with diurnal changes 1n w1nd speed. As prev1ously shown-on
-Flgure 2 1 2 which dlsplays dlurnal data at Frellnghuysen for

. 20 Aprll,‘thebmornlng traffic rush hour peak produced a peak in
t,measured carbon‘mono%ide.v.However; the carbon monokide 1eve1_did
‘fﬁnot rise proportionately-duringitherevening’rush hour._ This

'phenomenon is partlally the result of ‘the 180°.sh1ft in w1nd from

the mornlng to evenlng perlods and partly to the h1gher w1nd speed

":.durlng‘the evenlng.rush hour; Slnce'peak trafflc cond1t10ns~on.

the eXtenSiOn of Route 18 will occuraat differentvtimesvonvweek-
,days and Saturdays and Sundays, the peak CO condltlons for those
days w111 vary both 1n magnltude and t1me of day. For the purpose
of thlS report the exact effect of the dlurnal traffic and w1nd B
peaks per day could not be explored It should be noted that the
‘_change from Standard to Day11ght T1me w111 affect the relatlve ﬂ
time of peaking of w1nd speed w1th trafflc. |

Under worst case condltlons, 1 e. peak trafflc and stable

'_w1nds blow1ng from 230° at 1 to 3 mph the carbon monox1de level

E along the parklng lot face of Frellnghuysen will increase approx-

1mate1y 5. 0 ppm over 1972 1evels in 1975 and about 7 0 ppm in 1995
An 1n-depth study of meteorolog1ca1 data would be requlred to pre-’

~ dict the frequency of occurency of»the.worst,case conditions.

2-12



Concentrations at the dormitory site should not be signifi-
cantly different for éverage and worst case conditions if a deck
were to be added over the roadway. The carbon monoxide generated
beneath the deck will build up during periods of high traffic,
This concentration will escape from beneath thé deck along the
open side towards the Raritan River rathér than by the typical
cross rdadway diffusion for an open highway. Since the buildup_
in'COVbeneath the deck will lag slightly behind the increase in
traffic volume, the basic éffect will be to shift peaking CO
conditions to a later time of the day. Likewise beneath deck

concentrations will remain high for a longer period than for an
open highway, extending the period of time of high concentrations

at the deck edge. Since wind speeds normally are higher during
the daytime, the net effect of the deck should be negligible on

the carbon monoxide level at Frelinghuysen.

2=-13 -



¢ 2.2 CONCLUSIONS

The conclusions drawn from this study of the effect on
the air poliution in‘the vicinity of the Frelinghuysen Dormitory
resulting from anticipated 1975 and 1995 traffic volumes‘on the
Route 18 Extension aré divided into two groups. The first group
includes the estimated effect based upon the small sample of
data gathered during the study. Because the data sample is small,

. certain qualifications that should be‘moré fully explored are
presented in the second group.
On the basis of the gathered data, the following conclu=-
sions are reached.,

1 - Carbon monoxide levels are essentially equal inside
and outside Frelinghuysen and front and back,

2 = The existing CO level is small, less than 4.0 ppm,
and is generated by Georgé Street traffic and localized traffic
off of George Street.

3 - Short term CO peaks of 6 to 10 ppm occur under present
traffic conditions. fThese peaks dissapate rapidly and do not
significantly influence the carbon monoxide level,

4 = Meteorological conditions at the ddrmitory significantly

influence the carbon monoxide level,

2-14



5 - The average carbon monoxide level on the parking lot
side of the dormitory will be increased by 2.2 ppm in 1975 and by
3.5 ppm in 1995 as a result of the Route 18 Extension.

6 - The impact of the Route 18 Extension on ﬁhe carbon
monoxide level will be essentially the same for’an-open highway
as for a decked highway.

| 7 = The topograpﬁy of the Frelinghuysen site is suéh that
extended periods of stable wihds of low velocity perpendicular
to Route 18 will increase the concentrations at the back of the
dormitory by 5.0 ppm in 1975 and 7.0 ppm in 1995 during the day-
time when average hourly traffic of 2700 and 4300 vehicle per hour
occur,

It may be desirable}to obtain further information on two
points:

1 - The minor differences between the Music Building and
Frelinghuysen sites.

2 - The degree to which the measured meteorological con-
ditions are representative of annual conditions at the Frelinghuysen
site.

With reference to the similarity of the two sites, for all
practical purposes the geometric relationship of the highway/access
ramp with respect to Music Building and the proposed features at the
Frelinghuysen Dofmitory is the same. Two differences are noted,
however. First is thé difference in traffic flow on the access
ramps. At the Music Bﬁilding, the roadway past the front of the

- 2=15



building continues for much longer distance than that which will
occur at Frelinghuysen. Traffic on the Music Building access

ramp will travel at a higher speed than probably will occur at the
dormitory. Since vehicle velocity is a contributing factor to
carbon monoxide emissions, a higher vehicle pollution factor will
result at»Frelinghuysen from the acceleraﬁing/decelerating traffic
pattern. It has been asSumed\hérein that the traffic_volume on the
access ramp at the Music Building is greater than that which will
occur on the Frelinghuysen ramp and that the lower traffic volume
at Frelinghuysen will offset the accelerating/decelerating traffic.
The diffefence in traffic volume on the two ramps should be checked
to verify this assumption. | |

The wind fécirculatioﬁ patterns at the two sites may be
different, resulting in different carbon:monoxide flow paths froﬁ
Route 18 to the buiiding involﬁed; While the relative dimensions
of highway to building are essentially the same, the topography
on the river side of the highway is different between the two sites
At the Music Building, Route 18 is higher above and further from |
~ the river. This differepce was ﬁot explored,.

With réference tofmeteorological conditions,‘consideration
should be'giveﬁ to obtaining a more complete annual profile of
wind speed and wind direction. This study was conducted during
the springtime. Diﬁrnal conditions may be appreciably different

during the winter months.
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3.0 STUDY PROGRAM

The impact study of the proposed Route 18 Extension on the
air pollution>level at the George Street dormitories of Rutgers
University was conducted to achieve twb objectives, These were:

a, To estimate the carbon monxide level that would be re=-
ceived inside and outside the Frelinghuysen dormitory as a result
of vehicular traffic:along the Route 18 Extension if the highway
is constructed as proposed.

b. To determine the effect on the estimated CO level, at the
Frelinghuysen dormitory if a deck were to be added over the road=-
way néar the dormitoryo. | L

The first objective was achieved by the,following carbon
monoxide measurement and analyticél steps,v

a, Measuring the existing qafbon monoxide concentrations
inside and outside the_Frelinghuysen dormitory, both on the
George Street and canal sides of the buildihg. )

b. Measuring the traffic,generated'carbon monoxide on
and adjacént to an éﬁisting pértion of Route 18wand'adjacent
to an exit ramp passiﬁg the Rutgers Music Building at the
Douglas Campus and béth inside ahd outside tﬁe‘Music Building
on the Route 18 side.

c. Extrapolating the carbon monoxide concehtrations found
at the Music Building to the Frelinghuysen dormitory site,

d. Comparing the George Street and extrapolated Route 18

traffic generated carbon monoxide levels.
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The second objective was achieved by the following analytical
steps. .

a. Developing mathematical modeis tovdescribe the effect
of various meteorologiéal conditions possiblevat the dormitory
site upon traffic generated carbon monoxide levels released from

a decked roadway.

b. Determining the "worst case" carbon monoxide levels that

would occur at the dormitory for anticipated traffic conditions

~on the proposed Route 18 Extension for 1975 and 1995.

The air pollution measurement and analytical steps outlined
above were performed‘ih-three‘groups Eroadly categorized as
follows: .

1, Existing Carbén Monoxide at Frelinghuyéen Dormitory

2, Carbon MbnOxiaé at Muéic Bﬁilding

3. Anticipated Cérbqn Mmﬁoxide at‘Frelihghuysen Diormitory
The detailed descriptipn of each site and the data oBtained during

the field work are presented and discussed in Sections 3.1, 3.2 and

3.3
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3.1 Existing Carbon Monoxide at Frel inghuysen

3.1.1 Site Description and Data

3.1.1.1 Carbon Monoxide Data

Carbon monoxide measurements were made at the
Frelinghuysen dormitory to define the carbon nonoxide concentra=-
tions inside and outside the dormitory resulting from traffic on
George Street. The cencentratiOns were monitored from 10 to 17
April simultaneously at two levels on the parking lot side.
Similarly the bi-level concentrations on the George Street side
of the dormitory were measured between 17 and 24 April 1972, In-
side concentrations in the rooms on the George Street side and at
the 6th fioor on the narking lot side were taken with the win-
dows closed.‘ The windows in the mechanical equipment room, how-
ever, were open duriné the test period,

The carbon monoxide coneentrations were obtained by -
mounting four sampling probes on each side of the building under
study. The measurement locations for the two monitofing periods
are shown on Figures 3.1-1 and 3.1-2, The pollution level at
each height was determined by two Bendix carbon monoxide analy-
zers, Each analyzer alternately determined\the carbon monoxide
concentration sampled‘by a pair of probes. A fifth set of CO
data was obtained during both monitoring periods on the opposite
side of the building under studyseach week, using an Intertech
carbon monoxide analyzer. As shown in the diagrams, the readings
taken on the George Street side during the first
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measurement period were atvthe same location as probe 2A during
the second week monitoring. The

fifth reading during the second méasurement period was just out=
sidevthé contfaétors équipmént Van."instrumentation’and calibra=- -
tion techniques used éo 6btain_all data are described in Section
4,0, . |

Carbon ﬁono%ide concentration levels on both sides of
the dormitory generaliy were quite low. Short term peaks were
recorded by the probes at the lower elevation locations. These
short term peaks were:directly traceable to vehicular traffic,
including motorcycles; in the near vicinity of the dormitory.,

It should be noted that no readings wefé obtained for
probe iocations 3A anﬁ 3B'from}10'PM on Friday 14 April to 8 AM
on Monday 17 Apfil; 'Since'the weekend déta’for these probes is
not available, no dir§ct‘comparison of ﬁheir average hourly con=
centration levels forithe total ﬁeasufement peribd’should be made
with total‘period ave?ages for the other eight prbbes° Similarly,
caution should bé'exe&éised invcomparing the‘dailyvavefages
shown for all probes.;vSince the Carbgn monokide concentrétion
levels vary througho@t a day, approxiﬁately 20vhoﬁrs of data
should be available Eo provide a:suitableidefinition of the)daily
average concentration. Theiaverage-hourly carbon monoxide con-

centrations for the 5 probes sampled during the total monitoring
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period each week are presented on Tables 3.1=1 and =2, (The

hourly CO readings for all probe locations are tabulated in
Section 5.0.) The stahdard deviatioﬁs for these CO readings are
,givén in Tables 3.1-3 and 3.1-4. Probe pairs 1A - 1B, 2A-2B,
3A=3B and 4A=-4B may bércompared on a daily average basis however,
It should be noted that an apparent difference in the results from
the two types‘of equipment'used.(Beﬁdix versus Intertech) did ex-
ist. (Probes 5A-5B were always higher and Prbbe 5A was much high-
er than Probe 2A.)_ Tﬁis is not unusual at the low concentration
levels which were expéfiencedg

3.1.1.2 Meteorological Data

Measurements of the wind azimuth direction and wind
speed, as seen approximately 9 feet ébove'the top of the dormi-
tory, were made duringkthé second week of carbon monbxide monitor-
ing at the dormitory site. (It shouid Be noted that these measure-
ments indicate prevailing conditions ébovefthe dormitory and are
not necessafily indicéti&e of grouhd level air currents). The
hourly averége wind'aéimuth and wind'speed data obtained is
documented in SectionIS.O° |

'Durihgvthé week of monitOring, the wind blew primarily
from the West, NOrfh énd East direétiohs.' Soﬁthefly wihdé occurred
only three times during the week. Each period‘was for less than
three hours. Geheraliy the roof wihd was quité stable over a
several hour period aﬁd slowly shifted direction. There is no con=
sistant diﬁrnal profile of wind diréction. Thé average wiﬁd azimuth
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TABLE 3.1 - 1

jFrelinghuysen Dormitory

' CO Concentration = ppm

10 to 17 Apri1,1972
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Table 3,1 = 3
Frelinghuysen Dormitory

CO Concentration
Standard Deviation
10 to 17 April 1972

Probe Number

5A

4B

4A

3B

3A

HOUR

2400=100

080112256576161120807901

e e e » e o o o o o ; o e
2111111111 11111 21132

342889980565676677670036
111 1._

046889869545666776509076.

o L] - [ ] e e L] o ® L] . [ ]

.|_1._ . N 1|_1_I_

o o o o

L] L] L] O L] [ ) L] o L] L L] L] L]

— : B o B | i i

856664775807577318778046

L] . L] L] . L] . e o L] L] o L] L] . L] L] o

L]
—l o : ~ l Lo

oleolololololoNoloNoNoNoNe Ne)

QOO0 O0OQOOCOO0OOCOOOOO
QOO0 O HANNITNOUMN~NOOANO AN M
OO0 00000 T~~~ NNNNN
NOOTFTMO~OO~ & § & & ¢ 1ttt
1 11 1 1 1101000000000 000C0CO0
ejeojojojojolololeolaoleooloNololeNoleNoNo ool o)
COO0O0O0OO0OO0OO0CO0O O HNNTITNOUNNODOANO-ANM
Ny nmO~OON "~ A A - H AN NN N

1..11._1 :

3-10



 Table 3.1 - 4
-~ Frelinghuysen Dormitory

.~ .CO Concentration
. Standard Deviation
",17 to 24 April 1972 .
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angle was 357°, ( Note that the Frelinghuysen dormitory lies along
a line with a northerly heading of 319°), The winds blew from the
parking lot side of Frelinghuysen‘towards thé dormitory about 53%
of the time (47% of the time the winds biew from the George St. side
Wind s?eed éppearsgto be independent of wind azimuth
angle, There is some;suggestion, however, thaﬁ north and east
winds from the Raritan Rivér, are slightly higher. Winds ranged
from 1 tb 18 mph. ‘The diurnal profile, shown‘in Figure 3,1-3,

exhibits the characteristics rise in wind speed during the day and

early morning lull. The average wind speed was 7.3 mph.,

3.1.1.3 Traffic Data

| Vehicular traffic flow on George Street was recorded in
hourly increments by the New Jersey State Depaftment of Transpor=-
tation during the two week carbon monoxide monitoring period. The
hourly average traffic flow rate data obtained is included in Sec=
tion 5.0. Examination of this data will show that traffic volume
was essentially constant on weekdays and successively lower on
Saturdays and Sundays; Tables 3.1=5 and 3.1=-6 present the average
hourly data for the wéekday and weekend periods for the two moni-
toring periods. Figures 3;1-4 and 3.1=5 are plots of the diurnal
traffic for each week, The uéper plots show the average hourly
vehicle volume for the total week in each direction and for both
directions. 'The lower plots present the weekday and weekend

segments of total traffic on George Street.
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TABLE 3.1=5
Frelinghuysen Dormitory
Average Vehicular Volume

' 10-16 April 1972

Nofthbound

HOUR W.D. W.E.
2400-100 74 169
100-200 38 122
200-300 18 80
300-400 14 40
400-500 9 15
500-600 18 17
600-700 63 27
- 700-800 226 52
800-900 290 97
900-1000 271 129
1000-1100 246 163
1100-1200 267 240
1200-1300 334 271
1300-1400 307 260
1400-1500 328 275
1500-1600 360 270
1600-1700 414 300
1700-1800 509 245
1800-1900 356 236
1900-2000 302 252
2000-2100 257 250
2100-2200 266 192
2200-2300 202 187
2300-2400 145 164
TOTAL 5314 4053
W.D. = Weekdays
W.E. = Weekends

5764

- 3-14

Southbound
W.D. W.E,
52 117
22 96
16 59

4 22
8 12
31 22
148 40
473 83
576 141
376 233
281 242
306 257
355 257
- 325 276
322 253
398 253
420 246
357 211
366 109
329 163
200 127
- 164 78
141 - 89
94 113 -
3499

11104

Total
W.D. W.E.
126 286

60 217
34 139
18 62
17 27
49 39
210 66
699 134
866 238
647 362

- 527 405
573 497
690 527
632 535
650 528
758 523
834 546
866 456
722 345

- 635 415
- 458 377
- 450 270
343 271
240 277
7542



Frelinghuysen Dormitory
Average Vehicular Volume

TABLE 3.1-6

17-24 April 1972

Southbound
wW.D. W.E.,
62 133
30 112
15 52
5 25
8 13
32 17
152 37
457 68
571 115
391 224
282 - 238
289 277
340 269
318 258
337 246
392 280
384 266
361 235
354 196
334 236
209 175
196 146
167 124
138 102

5824 3844

Northbound
HOUR w.D. W.E.
2400-100 84 -
100-200 39 71
200-300 21 89
300-400 15 35
400-500 7 19
500-600 15 19
600-700 61 28
700-800 225 60
800-900 - = 280 84
900-1000 274 120
1000-1100 234 142
1100-1200 271 229
1200-1300 346 295
1300-1400 284 265
1400-1500 324 261
1500-1600 333 287
1600-1700 406 284
1700-1800 491 263
1800-1900 363 238
1900-2000 334 208
2000-2100 272 196
2100-2200 275 190
2200-2300 226 148
2300-2400 130 150
TOTAL 5310 -
W.D. = Weekdays
W.E. = Weekends

L3

TOTAL
W.D. W.E,
142 -

70 183
36 139
19 60
16 32
47 36

. 212 64
673 148
833 249
675 344
516 380
561 506
687 514
603 522
661 507
725 567
790 549
852 498
717 434
669 444
481 371
475 336
399 271
268 252
11127 -
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3.1.2 Carbon Monoxide Diurnal Characteristics

The hourly carbon monoxide coneentration levels re=-
corded at the dormitory as measured by probes iA through 4B
ranged,asvpresented in Section 5.0, from O to 6 ppm during the
two week monitoring oeriod. The averageblevels for these
probes, however, only varied between 1.1 and 1.7 ppm fo? that
period, The carbon monoxide levels measured by the Intertech
analyzer at probe loeations 5A and 5B were somewhat higher,
varying from 0.5 to-iO.S ppm. The average concentrations for

these two probes were 2.9 and 2,3 ppm respectively,

The peak concentration levels occured on 10 April
during the first monitoring week between 10 and 11 P.M. and
were recorded on both sides of the dormitory. During the
second monitoring period, another peak occured on both dormitory
sides between 8 and 9 P.M. on 21 April. In general, variations
in carbon monoxide seen at one side of the dormitory. were also

noticed on the opposite side throughout the two week period.

The hourly data for each probe was averaged on the
basis of weekdays and weekends, as tabulated on Tables 3.1~/
through 3.1-9. Figures 3.1-6 through 3.1-8 show the weekday
diurnal patterns. As expected, two high periods and two low
periods of carbon monoxide concentrations occured. Character-
istic morning peaks are noted about 8:00 A.M. The second
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TABLE 3 ) 1-7
Frelinghuysen Dormitory

CO Concentration = ppm

17 to 24 April 1972

'PROBE NUMBER

2B

2A

1B
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TABLE 3.1-8
Frelinghuysen Dormitory

CO Concentration = ppm

10 to 17 April 1972

" PROBE NUMBER

3B
W.D,

4B

4A

3A
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W.E,

W.D.

HOUR

W.E,

999877798924878523200232

L] L] L] L] L] L] o L] L] L o L L L] o o L] L] o L d L] L] o

llllllllllllll

3305/4577200/410900253601/43

L] L] L] o L] o L] L o L] o o R ] L] L] L o o L L] [ ] L] o

2221111121111 A A A NN N

898667789836798233200129

L] L] L . L] -] L] L] o L] o [ L] o o o o o o L] L] L] L]

el A A A A e -

L] . o o L] L] e L . L] -] L L ° L o L] o o [ ] . o ° [ ]

NANA A A A~ NN~ N A A A NN NN

545216659812235556263852

L] L] (] L L] L] -] L] o o L] o o -] L] o o L] o L] o L o

221111111111111111122222

NANFTNHOFTNTIFTONONINITTFTONTO 0

o o L] L] ° L] L] L] [ ] L] L] o L] ] o L] L] o L] L] L] L L] L J

NNAAA A A A A A A A A A A A A~ SN NN NN

elelojolololololoNeoloNoNo Ne)
o olecloloeojoloNoloNolololoNe N
OO0 O000O0CO0OO0OHNNITINOMNOANO N M-I
—HOOOOOOOOO -t~ NANNNN
IlNOYFNnNOM~NOO0ON— 1 1 ¢ 1 1 8 1 ¢t 1 811t
SQ1 L 1 1 11 1 1 1000000000000 0O0CO
ejojololololololololoNololoNoNoNoNeoNololoNoNo Ne]
FTOOOOOOO0OO0OO0OOHANNTNWOUMNOONO AN M
NN YT NO~NOOV A H A A A A A A A NNNN

1.1

1.6

1.6 1.1

1.7

1.6

AVE,

= Weekdays

W.D.

Weekends

w.E.

3-20



TABLE 3.1-9
Frelinghuysen Dormitory

CO Concentration - ppm

17 to 24 April
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peak, however, is considerably later in the day, from 8 P.M.

vto midnight, than typically is seen on an urban roadway.

3,1.3 Carbon Monoxide Spatial Profile

Examination of the daily avérage data, shown in Tables
3.1-7 thru 3.1-9 reveals that in general, weekend concentrations
were lower than concentrations during the weekday periods. The
~weekday and weekend average concentrations in ppm fof the eight
probes used to monitor the spatial profile of the carbon monoxide

levels at the dormitory are tabulated below:

Probe No, ; Weekday , Weekend

1A ‘ 1.2 0.9
1B ' 1.2 ” 0.8
2A 1.6 1.0
2B | 1.5 0.9
3A 1.6 -

3B 1.7 -

4A 1.6 1.1
4B 1.6 1.1

It will be noted thét the high elévation probes 1A
and 1B measured a slightly lower concentration level at the
front of the dormiﬁory than the low elevation probes on the
same side (2A & 2B>° The carbon monoxide levels on the parking
lot side do not SHOW a similar vertical differential. The
slightly lower average concentration at the 6th floor front
location suggests that wind effects the concentration level more
at this iocation than at the other three locations. This is

supported by the observation that the outside probe 1A showed
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 the largest diurnal varlatlon in average hourly readlngs (from 2
0.6 to 2.9 ppm).. (The effect of meteorologlcal variations on
:carhon monoxide leveTs is dlscussed in paragraph 3.1.5.

|
DO S
f

3.1.4 Indoor/Outdoor Relatlonshlp

The average carbon monox1de 1evels 1ndoors and outdoors

at the dormltory are w1th1n 0 1 ppm at each of the four loca-
tlons monltored A comparlson of 1nd1V1dua1 hourly averages,
‘shown in Sectlon 5 Oldata sheets, reveals that the 1ndoor/out-:
~door dlfferehtlal dla‘varygreater‘than the 0.1 ppm average;»
HoWever;,there ishoacohsistent pattern:to the differentials.
Accordingly;'it is.concluded.thatsthere}is‘no'heasoreable‘differ-
enee‘inbaverage indoor and outdoor,oarhon mohoXide‘levels at the

dormitory.

There is_strong fndioatioh that»the’indoor’carbon’v
'\_mOnoxide.ieVels are'the:result offeXternal co SOurces9 As seen
on Flgures 3.1-4 thru 3 l 6 indoorvpeaks:occured simultaneously
,w1th or 1ater than outdoor ‘peaks. Generally outdoor peaks are
‘>h1gher than 1ndoor‘peaks.. Conversely 1ndoor levels decrease more

~ slowly.

The dlurnal varlatlons in average hourly readlngs at each
of the four 1ocat10ns always was. 1arger at the out31de p031t10n

(A probes) as seen'1n~the_tab1e‘below."

3-26



CO Concentration = ppm

Probe No, ' Diurnal Range Diff I1/0 Diff

() 1A .6 - 2.9 2.3 1.0

1B , ol = 2,0 1.3 *

2A 1.0 - 2,6 1.6 4

2B 1.0 - 2.2 1.2 ¢

3A 1.0 - 2.8 1.8 1

3B 1.1 - 2.8 1.7 '

LA 9 - 2.7 1.8 3

4B 9 - 2.4 1.5 °

The variation between the?indoor and outdoor ranges is smallest
at the mechanical’equipmeﬁt room (windows open). This indi-
cates that, while open windows‘willbpermit outside CO to enter
a particular room faster, the indoor level will decrease more
rapidly with open windowsjwhen the outside concentration level

decreases,

3.1.5 Carbon Monoxide/Wind Relationship

'The‘carbon monoxide 1eve1 measured outside the Freling-
huysen dormitory varied as a function of both wind direction and wind
speed, The effect of theSe meteorological factors is seen by
examination of the concen#rétion levels on both sides of theA
dormitory for several hours at.a”timeo Table 3.1-10 shows the
average values of the daté,obtained fof each half’day period for the
wind condiﬁions and for Cd probes 1A and 5B. vFigufe 3.,1=9 shows
these average CO levels plotted against Qind direction, v(The data
on the right side represe@ts time periodsfwhen the prevailing

wind direction blew from George Street towards the dormitory.

. The left side plots show conditions when the wind blew from the
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TABLE 3.1-10
Frelinghuysen Dormitory
Averaged Wind & CO Data

4/24

3=-28

17 to 24 April 1972
| f . Wind |

TIME PERIOD ANGLE=DEGREES SPEED-MPH
4/17 PM 7 13.1
4/18 AM 346 5.2
4/18  PM 253 7.1
- 4/19 AM 254 5.3
4/19 PM 268 6.3
4/20  AM 218 6.1
4/20 PM 53 12,3
4/21  AM 341 5.8
4/21 PM 19 5.5
4/22  AM 108 8.9
4/22  PM 88 11.2
4/23  AM 333 4.6
4/23 PM 256 7607
AM 353 3,2

CO - ppm
PROBE 1A PROBE 5B
.7 2.1
.7 2.5
1.2 2.6
- 2.3
1.3 2.4
1.7 2.5
1.9 2.0
- 2.4
1.5 2.4
1.4 1.9
.8 1.7
.3 2.1
1.1 2.8
.7 2.6
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parking lot side.)

.:It can be'seehhthat When winds blew from,George Street,
Co coﬁcentratiOns in the parkihg lot peaked as-ﬁhe»wind angle
approached 240°, €O concentrations on the George Street side,
~however; aoproached a?low levelVWith the same wind variation;
This phenomena is apparent; in reverse, when winds neared 600
(blowing.froﬁ,the opposite sidesof the dormitory). Thus the
'anticipated reductionlin‘CO concentration.outside a building‘as
the wind blows perpendlcular to. 1ts face did occur° v,‘ |

Examlnatlon of the data plotted in Flgure 3 l 9 w1ll

show that three hlgh northeasterly wind conditions (over 10.0
bmph) occurred. The CO levels at probe lA (on the sheltered side
~ of the dormitory) fall'beneath the suggested curve, This indi-

cates the higher winds create more turbuance on the

- sheltered side and disburse the CO faster and prevent the

;inormal d1ffus1on from‘George Street towards the dormltoryq»

4:Conversely, these hlgh roof level w1nds do not reduce the Co

‘concentratlons~on thevparklng lot side as rapidly.
Thlsdeffect’of wind speed can be_seen from Figures

~ 3.1-10and 3;1-1144Thejfirst figure shows the‘diurnal'profile

- for Apr 21 to the‘extent availahle.for wind speed and selected

co probe 1ocations. (?revailing“winds throughout the day were

from the north at 359%) It will be noticed, in the lower curve,"
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thatlthe concentretlon:level seen et’probe 5B decreases as the
wind speed increases‘above 6 mph between 8:and.9 A.Mf end‘then\‘
increases late‘at'night'when wind speed,return to 2-3 mph.

(The CO peak Betueeh 8lend 9/P M. islnotrwind related. Asv

shown in the upper plots, probes 1A and 2A also peaked at the
same time.) Flgure 3 ldj.for the 24 hour perlod from noon on
Apr' 18 to noon on Apr l9 when the w1nds were from the west at
2630, shows that there 1s llttle or no wind effect seen 1n}the>
parklng lot at- probe 5B locat:Lono The 3 and 9 P.M. peaks on
Apr'lS in the parklng 1ot also ocourredlon the George Street side,
as showh in”the upper plot of co conCentrations at probelocations
1A and 2A, | | |

_The intluence'of meteorolOgical:variations»isvappereht

"et all elevetionslof‘the dormitory.h Daily'average data for

wind directiohvand‘sPeed and CO concentration leﬁels’for the

five probe locations beinglmouitored onvSaturday,‘April‘22 end

' Sunday, April 23 areltebulated below:

: RS , ‘Wi CO - PPM
DATE ANGLE-DEGREES ' SPEED MPH lA 1B 2A 2B 5B
4/22 o, 1 10,0 1.1 .9 1,2 1.1 1.8
- 4/23 294 S 5.6 7.7 .8 T 2.4

On 4/22‘with high easterly winds (frompriver)‘the CO concen- _h
‘trations for}probes lA;llB, 2A & 2B are higher thah fork4/23
when the wind is from George Street;fConversely the carbon
monoxide level at‘probe’SB is lower forveesterly'winds than for

northwesterly,wihds; '
| | 3-33



3.1.6 Carbon Monoxide/Traffic Relationship

Comparison of the diurnal curves of carbon monoxide
and traffic, presented in paragraph 3.1.1 and 3.1.2, will
show that the daily profiles are substantially different.
While the George Street traffic curves are typical, the diurnal
cafbon monoxide curves are much flatter than normal. Figure
3.1=12 shows the carbon monoxide/traffic relationship, using
the weekday average hourly data, for probes 3A and 5A for the
vfirst week and probes 2A and 5B for the second week. From these
plots it must be concluded that George Street traffic per se
does not determine the carbon monoxide level at the Frelinghuysen
Dormitory. The general tendency for carbon monoxide to peak in
the 8 = 10 PM hours, see figures 3,1-6, =7, and =8, while traffic
is decreasing rapidly suggest that there is a Second source of
carbon monoxide in the vicinity of the dormitory. Very possible
this is traffic into and out of the parking lots which did not

cross the traffic counters in George Street.
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3.2  CARBON MONOXIDE AT MUSIC BUILDING o | :

3.2.1  Site Descriptlon and Data

3.2,1,1 Carbon Monoxide Data

| Carbon monoxide measurements.wefe’made at the Music

' Building located on the Dotglas Campus toidefine the carbon
mohoXiae'cohcentrations resulting from traffic on‘an existing
‘sectieh‘of Route 18} lhe concentration profile about the Mhs1c
: Building was obtained by monltorlng the carbon monox1de on the
j median strip:ofithe highway, adjacent to the hlghway and an B
iekitvramp passing in‘ftqntbof“the,Music Building, and siﬁul-
taneeﬁsly at two locatiensiinside ahdioatsidethe secend‘tloor
~of the Mu31c Bu1ld1ng° The inside concentrations were measured
with the WlndOWS in the hall fac1ng Route 18 closed durlng the
study. The carbon monpx1de concentration levels were monitored
from 27 April te‘lS Ma& 1972o v(lt should be noted that'Daylight

SaV1ngs Time went 1nt0waffect at 2 AM on 30 April durlng the

' monitorlng period )

The concentratieh leﬁels were ebtainedvbyimouhtingvfive‘
sampling probes{atlthemeasurementlocationsvas‘shoﬁn in figures
3.2«1 and 3.2-2. The bollution level on the median strip was
determined by an’Inter@ech earbon monoxide analytef. The earbon
kmphoxideconcentrations at the other four locations Wete measured
(using two Bendix carbon monokide ahalyzerso'llnstrumentation and

~calibration techniques used are'described‘in Section 4.0
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The houriy carhoh monoxide readings‘for all probe 1oeations'
for the data_collection’periodfare hresehted in Section 5.0. The
average hoorlﬁ QOncentratiohs ahd'the.daily average'concentrae
tioms are.shownloh those data aheets° hIt‘should be hoted that the
numher ofIValid‘houriy,readihga obtained are different for the
| three.analyzersvtsed} Cattion'muet be oheerved in comparing
dail& average readihée'from;probe to probeoq

Examihatiohiofjthe CO data in Sectioh 5.0 will Show'that
hthe eoneentratioh’leVela recordedhat a given probe iocatioh
varied fromtday tovdayvand for,thefsame,hours‘each day. The
'zstandard.deviationsffor thekaVerage}hourly ooneentratione for all
Vrprohes is'shownein Table‘3.2-lé 'itiwill behﬁoted that the loca=-
.:otiOns‘close to‘traffic;}probeevA&E,}evidenoedvtheflargeSt‘devia-
tions. The_deviations~at the rampedge,'outdooriand'indoor loca-
r:tions showed?progreeSively 1ower deviatiOns,iﬁ average hourly

~ concentrations.

'The averagé.hourly Cco concentrationsireeorded»for.theﬁtotal
monitoring’period;for the’5 probes at the'Mnsic.Building'are pre-
sentedhin Table 3. 242 As expected the medlan strip of Route 18,
'Probe E showed the hlghest average concentratlon, 6.3 ppm° The
| average concentratlon along31de Route 18 Probe A was 51gn1f1cant-
ly lower at 4.6 ppm° Average concentratlons adJacent to the ex1tb
ramp and»atfthe indoor and outdoor 1ocat10ns-at the Music Bu1ld1ng

arerthehlowestah'r S
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Table 3.2-1
' Music Building
- .CO Concentration
- Standard Deviation

Total Pefiod
27 April to 15 May 1972
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The.daily average carbon monoxide concentrations measured on
Route 18 at the medran and roadedge 1ocationspand at the ramp
edge location are'shOWn on‘!Figure 3.2=3. As expected, co
concentrations werevalways highest atpthe median strip. (Since
several hoursth data is not available on 7 &8 May for the
median strip, Probefﬁs‘thedpoints plOtted are ooncentration
levels assuming‘the'missing data is»equalvto‘the auerage CO level
, fOrbthe respectiVe hours. Data_is also unavailable for Probes

‘A & B for short periods on most'days. Slnce the correspondlng

| hours of data for these two probes is equal thelr daily average
concentratlons may be compared Rigid comparlson of probes A & B
w1th the dashed portlon of the Probe E data is not adv1sable )

In general, the dally carbon monox1de levels at these three loca=
tlons follow the same pattern, except for the ramp edge on May 1

through b4,

3.2.1.2  Traffic Data

Vehlcular trafflc flow on both the East and West bound
ulanes of Route 18 pass1ng under the George Street ramp was re=
Lcorded in hourly 1ncrements by the New Jersey Department of
‘Transportatlon. ThlS data is presented in Section 5.0. No -
_measurements were made of the trafflc u51ng the access.ramp.
Flgure 3, 2 4 shows the da11y average veh1cular volume traver51ng

‘Route 18 at the Music Building. Eastbound traffic always'was
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hlafger than_wastbnnnd traffic weat‘nf the George Street exit »
famp. Volumé on either siderof’thefhighway'varied:uniformly
from.day to day. The‘inweat traffic pariOds Qccured_nn the two

| Sundays, 30prril and 7}May;, SatUrdayvtraffic-was-tne next
loWest, Whila théSunaayltraffic lows appearuto raiate to CO
concentration ieveis férfanbes A&E dn figura_3;2-3, the
 relationships do mot hold on 4 & 5 May nor on 9 & 10 May. A
compafiaon'of Route 18;traffic and CO at the ramp edge, Probe{B,_
Aagain,shows.laqk of torrelation:for 1 through‘4 May.

t ‘The dinrnal traffic.flow an Route 18,”shOWn in figure
3;2-5, eXhibitedféharaCtefiatic peaking conditibn during the
fmorning andfeVéningnruah hours. Thé.AM peak“is.due to nestbbund
'_trafficIWhile,thaaeVéningvis thétresnitfof4aastnoundyveni¢ular
flow, Weatbound traffic axceededteaStEound’traffic»only during the
morning rnshihour paribd;v Volumé on eithet side of‘the'highnay
varied uniformly duringathe-éarly morning‘and late night hours.,

v The_8 AM to‘S‘PMparioa ahdned auflnatuating traffic flow‘on both

sides.

As'previOusly’néntioned,fWeekéndftraffic was lower than
traffic on weekdays. ‘iha diﬁrnalatraffia patterns differ
appteciably, aS‘shbwnlnnufigure3.256; for the significant divisions
of a week, as is chafatteristic‘forfanvurban exprésSWayn‘ Traffic
_»related pollutants accnrdinglyknill différ as'a function of the
‘time af the week~ - | |
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,302’103 - Meterological Data

Wind azimuth direction and wind speed as seen at the
Gibbs,Dormitory was ﬁeasured from 1630 on 28 April to 15 May
1972, The weather vane and cup aneomOmeter were positioned
approximately 8 feet above the chimney top of the dormitory,
(This meteorological‘equipment indicated prevailing conditions
- at the Music Building and was not necessarily indicative of
ground level wind currents.) The hourly wind azimuth and wind
speed data obtained is documented in Section 5.0 maintaining
Eastern Standard Time as the time reference. The daily averages
for wind direction aﬁd speed are shown for both Standard Time |
and clock time, Similarly the hourly average wind speeds are

shown on both time bases.

During the ﬁonitoring period, the wind blew predomi-
nantly from the West‘and North, An Easterly wind prevailed for
approximately 60 hou;s starting;around 6 PM on 7 May. South
winds occured more often}at this site than noticed at Freling-
huysen. These winds blew at midnight on 1 May, in the early
AM on 7 May and freqﬁently during 14 May. Generally the wind
direction was quité stable, chaﬁging over a period of hours,
There is no meahingf@l diurnai pattern. The average wind azimuth
angle was 303°. (NOTﬁ: Route 18, at the Music Building site, lies
along a line with a westerly heading of 283°, The exit ramp is
basicaily perpendicular to Route 18.) Thg winds blew from Route

18 towards the Music Building about 47° of the time, (52° of the
' : 3=48 ) R .
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time winds blew from the Music Building side of Route 18. No wind
direction was present during 4 hours of zero wind speed.) Wind
speeds ranged from 0 to 20 mph. The diufnal profile, shown on
Eastern Standard Time in Figure 3.2-7, exhibits the same pattern
as seen at Frelinghuysen. The average wind speed was 6.7 mph.
(Since both carbon monoxide and traffic data are related to clock
time, the wind speed diurnal profile is shown in Figure 3.2-8

in clock time. A comparison of Figures 3,.2=7 and 8 show no
significant difference. Meterological conditions hereafter are

presented in clock time,)

The daily (clock time) average wind direction and wind
speed recorded at the Music Building are presented in Figure
3.2=9, It will be noticed that the peak wind speed conditions
occured on 8 & 9 May while the wind was blowing from 1200 and 90°,
This high wind condition corresponds with the low CO Concentration
level recorded on the median strip (see Figure 3.2-3) on 9 May,
Conversely, the low wind speeds of l,'6 & 13 May correspond with

peak median strip CO Concentrations on those dates,

The average wind direction on 1 thru 4 May was essentially
constant at 2400, 'Thus the wind was blowing from the Music
Building towards the probe adjacent to the exit ramp and then
across the exit ramp, ‘CO Concentrations at probe B for these
days were lower (fig. 3.2-3) than typical for the vehicle volume

on Route 18, : 3=49
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3.2.2 Carbon Monoxide Diurnal Characteristics

The hourly carbon monoxide concentratibn levels recorded at
the Music Building rénged from 0 to 14 ppm as shown in Section 5.0.
Thesé limit concentrétions refiect fhe'combined effect of traffic
and meteorological conditions and the.lpcation of the sampling
probe, As mentioned earlier, the diurnél'traffic profile is a
function of'the day of the week. Accordingly, the diurﬁal carbon
monoxide profile is élso a function of the time spaﬂ éxamined.
Figurés 3.2-10 and 3.2-11 respectively portray the average Hourly
concentrations at probes A, B, C'and E.for the tdtal monitoring
period and for weekdays bnly. This data is presented on Tables
3.2=2 and 3.2-3,. The:Significént difference between the two sets
of diurnal CO profiles are lower concentrations for the weekdays
only préfiles, at the:two Route 18 locationms, Pfobes A& E, in thev
midnight to 4 AM period and a higher AM rush hour péak'plus a re-
duction in ﬁhe differential between the concentrationé at Probes
B & C,. |

Comparison with:the diurﬁal traffic profiles shown in Figures
3.2=5 and 3.2-6‘wiil éhow general correspondance between the traffic
and CO sets of diurnal data., The marked difference in traffic
volume during the midnight to noon hours on‘Saturdéys and Sundays
froﬁ that experienced:on weekdays creates the chahge in the diurnal

CO profiles. Diurnal variations for either the total

3=53
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| Table 3.2-3
-CO Concentration = ppm

. ‘Music Building
-~ Week Days Only

HOUR

01_/339003700739771/449/._.008

-] L] [ ] L] -] o o o [ ] -] o o -] o L] 9: 0 L]

4322224886566668986777
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2.2 6.4
6.0
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2.8

2.8

- 2200-2300

2.1

2.4

2300~2400
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period data or the'weekday only data show the tWo Route 181probe

. locations were very simiiar during the eariy»morning hours, The

o ﬁediau strip concentration closelyvfoliowsidiurnai traffic con-~
ditions on the highway, except for'the-Secohdary P.M. peak about
8 PM. The road edge.iocation;ﬂprobe*A, also,shows correlation with
traffic; but'at}a lower level‘after,the mornihgbpeak. The 8 PM
 peak 1is barelyrnOticeable at this location hut~isieVident both

‘at probes B‘&’C ThlS suggests a hlgh eastbound trafflc flow on
the ramp durlng the evenlng hours whlch 1nf1uences the CO levels

at all locatlons except, probe A,

Whlle the curves for both the ramp edge probe B, andtthe
out51de probe C, show d1urna1 varlatlons, it appears that Route
18 traffic is notrthe domlnant factor which controls carbon
monox1de at these two ' 1ocat10ns° The ramp edge 1owrconcentrations
occured durlng the mld-day perlod rather ‘than the usual early
mornlng hours° This noontlme minimum is not characterlstlc. The
'joutdoor probe c, does not reflect the 4-5 PM peak.seen at the
vRoute 18,l0C&t10nSqr Both of these;polnts,further‘suggest‘that.v_
ramp traffic, ratherpthan,Route‘18vtraffic determines the»CO

concentration at the Music Building.
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3.2.3 Carbon Monox1de Spatlal Profile
Examlnatlon of figures 3.2-1 and -2 will show that
the horizontal and vertical distanees between the four outdoor

probes, using the median strip probe as a reference, is as

~ follows:
Distance from Probe E, ft
Horizontal ' 38 161 - 101
Vertical 0 431 450
Line of Sight 38 164 113

- Figure 3. 2612 presents seieeted data on the carbon monoxide
level at these four probe location, for the weekday only perlod
as a functlon of the 11ne of sight dlstance. It will be noted
‘that the daily average data shows no dlfferentlal in concentra-
’tlon.levels at locatron C and B. The midnight to 1 AM data
indicates'adhigher coneentration at 1ocation B than at location
C . Only the noon to 1 AM data shows a typlcal curve of carbon
_monox1de decay with d1stance from source. (Examlnatlon of the
diurnal CQ data on Table 3.2-3 will show thatvthe:coneentration
at location B is 1ower ‘than atknrobefl for only the 10 AM =

2 PM hours.) Accordlngly it is felt that traffic on the George
Street ramp, or other local traffic, determlnes the carbon
monoxide 1eve1 out31de the Mu51c Bulldrng for the majority of
the dayo Itvis during’the midday period when ramp traffic must
be low, that Route 18 trafflc generated CO is the predominant

source seen at. the Mus1c Bu1ld1ng°
3= 58
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3.2;4 indoor[Outdoor Relationship

| The'rndoor/outdoor carbon monoxide relationship was
determined by:probe C & D-located at the Route 18 end of thei
. Music Building. sTheiéO ieVels’recorded'are piotted on Figure
3 2-13, The upper plot shows the average dally concentration
for each day of m.onJ.tor:Lng° ‘The lower plot portrays the
average dlurnal co levels° Both plots clearly indicate that
oboth the indoor and outdoor carbon monoxrde concentrations are
,responsive to a commOn source.

Concentratlons outdoors respond more rapldly to
changes in the sourceystrength than do the indoor CO levels°
* The diurnal curve shows a sharper decrease in the early mornlng
_hours, reachlng ‘the dally minimum about 1 hour sooner than re=-
corded indoors. The;l hour lagrls notlceable throughoutrmost of
the day, fhe‘outdoor peak‘between 8 and‘iO PM'was.less severe
indoors. | |
The'slower"diSSipation'ofiindOOr concentrations is

'_evident in the dailyfplots. Indoor»concentrationSFOn 4/29 and
5/1 wereulowervthan outdoors levels on those dates, The reverse
is truezonhthe'succeeding days. Examinationiof the hourly data
, will show:that concontrationsrrose more rapidly outdoors
duringkthe.late euendng hours than indoors on 4/29hand 5/1. Thus
higher,outdoor levelsgl These late evening outdoor levels pro-
~duced higher CO»levels indoors during the early morning‘hours on
4/30 and 5/2 which create the:_hi‘gher daily indoor averages for

those dates, | _: , 3=-60
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3.2.5 ~ACarbon Monoxide/WindlRelatiohship

‘The carbon‘mohOXide concentratiOn recorded at a given
prohe location‘is}aefunotion of the wind‘speedahd prevailing
wind'directioﬁ.;.The.daily average CO levelsdreeorded_on the
median Strip,‘ProbevE ’are'plotted'on Figure 3:2-14 as a function
of the dlrectlon from wh1ch the average w1nd blew during the day.
The four p01nts, for the days whlch average hourly trafflc
volume was 1600 + 40 vehlcles per hour, are 1nterconnected co
concentratlons:are the lowest when the average w;nd blew along
the highway fromythe east. ,Asithe wind SWung away from the east,
- in either direotioh; thelconeentration levels increased.

Figure 3v2-15§presentS'thessame CO‘data for‘Probe E,
however the dally w1nds speeds are 1nd1cated It w111 be noted
that, as the wind shlfts from 295°vtowards_the'north andveast,
co redooeso In this quadrant, higher wind speeds_reduce‘mediah
 strip CO'concehtrations@ The daily data for the road edge Probe
A, shows adsimiiar wind influehce.' This»eftect; however,‘cahnot
be clea'r,ly,i :i.dentii’.vfied”at the ramp edge“‘and outside ,the_ Music
Building on a day to day bas1s° | |

Examlnatlon of concentratlons at Probe C durlng perlods-
of high and_low w1nd speeds shows the meteorologloal 1nfluenoe°
sHigh winds,‘aboVe lﬂlmphh oceurred on 5/5‘between'1000»and 1800,
from 1100 on 5/8 to 1900 on 5/9 and £rom 1100 to 1900 on 5/11 On
‘5/5 the wind blew essentlally from the north carrylng Route 18

\

co towards the building and CO levels were hlgher than average,

3=62



The wind was from 105°?.alo‘ng Route 18 during the 5/8 thru 5/9.

period and concentratlons generally were 1ower than averageof

| -»Srmllarly winds from approx1mately 300o on 5/11 also produced |

lower concentratlonsg Conversely low w1nds, 1 mph or 1ess, on

4/30 from 450 produced lower than average concentratlons while

winds from 270o on 5/5{and 5/6 resulted in hlgher than average >._

concentratlons at Probe c.
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3.2.6  Carbon Monoxide/Traffic Relationship

It was shown;in paragraph 3.2.5, that meterological
factcrs influence the concentrations recorded at a given probe
location. Traffic volume on both Route 18 and the access ramp
distinctly affect carbon monoxide levels at specific probes.
The CO/Route 18 traffic relationships for the four outdoor
probes usiﬁg average hourly data for the total monitoring period
are shown on figures 3,2~16 and 3.2-17, As expected, the median
strip CO 1evél is mostiresponsive to diurnal traffic changes.
The road edge CO concentrations, Probe A, also reflects Route
18 traffic volume. However, neither the ramp edge Probe B, nor
the building Probe C, indicate carbon monoxide relationship with
Route 18 traffic, The:CO concentrations levels at location B
and C are distinctly traffic related , however, as can be seen
from the marked similarity of the data points below 800 vehicles
per hour and between 2000 and 2400 vehicles per hour. The low
traffic points for all‘four curves show the same hysterises effect
as traffic decreases to its minimum‘and then increases., Thev
2000-2400 vehicle per hour data for all curves is the result of
the typical mid-day changes in traffic volume. The diurnal
characteristics of ramp traffic, which strongly influences the
carbon monoxide levels at locations B and C must be appreciably
different from the Route 18 diurnal traffic profile, as pre-

viously mentioned in paragraph 3.2.2.

3=-66
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Vehicular poﬁlution factors forthe~median,strip and

Musié Building probe 1§cations,.E and C,‘were calculated, using
unte_18 traffic’data. -(It shoﬁld be recognized that the
poilutioﬁ‘fACtor‘sb ¢a¢cu1ated forvthe Probe C 1Qcation is some=
what in error due to the absencebof.ramp trafficdata., It is felt
thatfamp'traffic conﬁfibu£ed'to the conCentratioﬁs.rechded
 at Probe location E in a ;anner éimilar'to its contribution at
Probe C. Since the,prbposed physical configurétidﬁ'df Route 18
and its access ramp adJacent to the Frellnghuysen Dormitory and
the test site at the Music Bulldlng are Very s1m11ar ‘the absence
of data on ramp;trafflg is of minor cpncern.) Flgure 3.2e18
presents the'daily avefage CO/traffic felatioﬁéhiPS;forithe'median 
striﬁ, Probe E,‘and thé Music Buildingkoutsideqloéétioﬁ, Probe C;
Thé vehiéle pollution Eaétor'for“Probé E, as shoWn byvthé iine.

thru its dally p01nts,:1s .0038 ppmrhr/vehlcle.v.Atijobé.C, it

is °0012 ppm-hr/vehlcle.
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3.3 . ANTICIPATED CARBON MDNOXIDE AT FRELINGHUYSEN DORMITORY

3.3.1 , Trafflc Condltlons

The‘carbon,monox1de level generated’hy traffic on the pro-
-posed section of Route 18 adjacent to;the Frelinghuysen;Dormitory

v‘will be~dependent upon the year involved It has been estimated

' «that, in 1975 the daytlme average hourly traffic volume will be

2700 vehlcles per hour° An average daytlme volume of 4300
vehlcles per hour is expected in 1995, |

' Examlnatlon of trafflc data for both George Street at. Frellng-
huysen and Route 18vat thezMu51c Bulldlng'shows.that approx1mate1y
74% of total daily»trafficloccurs between7‘AM and 6 PM, Accorde
ingly this 12’hour period>is considered_as”davtime” traffic. The
'traffio:data for-the}two roadWavs;also shows thaththe average
- hourly trafflc volume durlng this- daytxme period is approx1mately
k148% of that for the | 24 hour dayo These relatlonshlps are used to
deflne ant1c1pated trafflc condltlons on Route 18 adJacent to the
Frellnghuysen Dormltory;r The results are tabulated below

Route 18 Trafflc 5

Mu31c;Bulld1ng , Frellnghuysen - Frelinghuysen
. , 1972 o 1975 . 1995
' 24 Hour Volume ~ 39,600 43,783 69,729
24 Hour Average 1,650 - . 1,824 2,905
12 Hour Volume 29,600 - - 32,400 L 51,600

12 Hour Average 2,444 - .2,700 ' - 4,300
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3.3;2' - Undecked Roadway,Conflguratlon

The carbon monox1de/traff1c relatlonshrp of the Frellnghuysen
‘Dormltory s1te is assumed to be essentlally the same as determlned
~for the Route 18 Mu31c Bulldlng site as d1scussed in sectlon 3 2,
k‘Carbon monox1de on. proposed Route 18 Just west of the proposed
George Street access ramp w1ll be determlned by trafflc pass1ng

_ the dormltory and u31ng the access ramp. Under typlcal meteorolog-

© ical condltlons, carbon monox1de at the easterly end of the dormltory

’-,w111 be 1nfluenced by ramp trafflc throughout the day and peak
traffic condltlons on Route 18, | |
For all practlcal purposes the>phy51ca1 dlmen31ons of the
: hlghway/access ramp w1th respect to. the Mu31c Bulldlng and the
'eproposedgroadway featureS'at the‘Frellnghuysen Dormltory,are the
. psamegn It therefore”isfassumed‘thaththe undeckedroadwayvconfigur-
'ation“at Frelinghuysen,linc}uding’theWaccess ramp,will-produce
hthe.same Vehiclehpoiiutioh'factorsbashdeterminea'for‘the\Music
cBuilding.2Accordihglyé[theeanticipated,averageidaiiyvcarbon h
,monoxidebleuels (24 hourlperioo)’generated by the proposed high-
. Way on the,median‘strip:and the‘increase ahovelambieht CO at the
’mechanlcal equ1pment room of Frellnghuysen are as tabulated below‘

Veh. Pol Factor L CO - DpM .

(ppm 4. hr/veh) - 1915 _19‘95
‘Rte 18 Median - 0038 6.9 ©11.0
Mech. Room ' 0012 2.2 3.5



-Daytime average.conceﬂtration,leVels”due to theVprOposed high=-
., Way[acckes‘s rar;ip will 'b?éfhigh’er . The increase above existing
ambient at the mechanical room will be 3.2 ppm in 1975 and

1o

5.2 ppm in 1995,

3-73



[

A
1
-l
|
|

1

3.3.3 Decked Configuration‘ :

The‘effect,;oh,the entieipated carbon monoxide ieveis
at-the Frelinghuysen ﬁormitory-frem*a deck cantilevered over‘
the propOsed.highway wes exeminedvby mathematical modeling. The
roadway configurationfexamined*is shown in Figure 3.3=1., The
3 deck is assumed ;o exrend'to the edge of the roadway; which‘is

approximately 165 feet from the building face.

In performing,the»mathematical analysis, three basic
meteorologicai situations were exemined;: These are characrerized
by the wind directiongaﬁd»include_the cases of 1) wind parallel
bto the roadway, ‘2) wind.ﬁerpendieular te’the road and directed
from the road to the building, and '3)~wind.blow1hg from the
building toward and perpendiCular'to the road, Throughout this
repdrt these:cases will be referred_to by thevhumber as designar-v

ed above.

The results givenbelew ere eetimates’ef the increased con-
centration (z&cy)loficarbon monoxide et“the}roadside building
face as a resulr of tﬁaffic en the decked reedﬁay. This,increese
is relative to the_bac#groend4levels and.shou1d therefore be
added to thosevalues;i The fOildwing epproximate formulas have |

been derived for the three basic cases:
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Case 1 (windfparalleltto;rOadway):

U i LM N e}
émki‘/"-«m- ! ~- .. ! ;‘ S V M/ B X
' céée 2 ~ (wind blow1ng perpendlcular to road from road
. ' towardjbu11d1ng) ~ L
’fCaSe"' (w1nd blow1ng perpendlcular to road from bulldlng
; . toward road) :

Ver
kl(Derlvatlon of these equatlons and termlnology and units used
'_thereln are prov1ded in Sect:Lon 6 0 )

Examlnatlon of the flrst two formulas above reveals
vthat concentratlons 1n cases l and 2 are of the same order of

v'magnltude, w1th case 2 expected to be sllghtly hlgher°

f_Spe01f1cally it lS found that

V Ag,/ __ in—JW‘ - 90t Ub

',‘..,,.-..‘ -

for all stabllltj categorles.x Thus 1t 1s conservatlve to )
neglect case l and further con31deratlon w1ll therefore be re-
"',strlcted to cases 2 and 3° S - o

: To calculate concentratlons for‘cases 2 and 3, it‘is‘
necessary to spec:.fy‘ ( 62_ )w and sr;f |

3= 76



As discussed in the derivation section 6.0, the Pasquill=-Gifford

values are used for (Gz )y, i.e.

Stability Class A R C D _E
(G2 )y (meters) = 6.80 ~ 5.50  3.90 2,48 1,92

while s, is assumed as:

Sy = 6.5 Hr
Assuming Hy = 41 metérs (approximate height of;Frelinghuysen
Dormitory above river level) it follows that:

sy = 266 meters
Given values as above it is poSsibIe to calculate the concentra-

.
¢
("]

| . M~
to equations (II) and (III). This was done for the above

tion to source strength ratio for cases 2 and 3 according

"values and the results?afe plotted in,Figufes 3;3e2 and 3.3-3.

Using fhe curves frbm‘Figurés 3.3-2‘and'3.3-3 the
carbon'mpno#ide léyelsgafekreadily déterminéd.fgr ahy traffic éon-
ditioné‘as speéifigd b& the,barametefs M'and ﬁ.~ For purposes of
estiméting.maximuﬁ_expécted impactvoffthedeckedvRouté - 18
. édnfiguration”the'féllqﬁing values‘afe,aSSUméd:

b N =2700 Yeh

M= .025 —— _
: - -025 Veh = mi hr
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Based on the data of Rose, Smith, McMichael and Kruse'(Reference
1) for CO exhaust frennautos in Los Angeles and Cincinnati, ah
'average'value of M for automobiles,traveling at 40'mphvis about

0.1 (1b/veh-mi‘). - Ho ever these data were for pre-l965 cars

and it is expected that by 1975 CO exhaust will be 75% less. Hence

the value M = ;025.(lb/veh~mD is assumed here. The value for ﬁ
above is baéed on estiﬁated'l975 Route 18 traffie. Based onrthe
above;essumptions | |
MN = 67.5__1b _
' - mi = hr
 It might also be pointed out thattthe vaiue fer>M is somewhat
:”conservative in‘the'setse that the car/ttuck mix wae,neglected
~and all vehicles were ?ssumed to emit CO as a primary poliutanto
' Assuming tﬁe total pollutant geﬁerated by the traffic ,
(MN—67 5 (Ib/ml-hr )) escapes from beneath the deck as a line source
165 feet from the dormltory, the 1mpact of the decked Route 18
on the dormitory face can,now be estlmated from Figures 3.3-1
“and 3.3-2 by:simply multiplying:the ordinate values by 100 to
obtain the AC; or }Zﬁ.C3 in ppm for any wind and stability
1 class° Accordlngly, 1t is found that for all w1ndspeeds greater
than 1 mph, AC, (4 1 ppm while AC; (4 8 ppm. Thls can be
seen mathematlcelly be examlnlng ‘the corresponding equations:
ACe _ L0588
mr TV

(Stability Class E)



ACs C & ’fm;.

H

- which for M N = 67.5 (1b/mi=hr ) become

ACp = 37 and A Cs = L/o

JFor N C Cp 1n the above equatlon stablllty class E is cons1dered

. jSlnce it is the most stable and therefore the most polluted

'Hence 1t is possible to conclude that

AC; & 5pm  for V= 1mph

| i.e, for all w1nd speeds otrl mph or more the concentratlonrln-
‘ crease at the dormltory w1ll be less than 5 ppm for”the maximum y‘
: expected traffic rates. When the w1nd speed is less than 1 mph
the mathematlcal models developed here are expected to overestl-,ﬁ
vamate ‘Zl(: and to be no longer apprOprlate. The reason for thlsv
: vlS that at Low w1nd speed the d1rect10n is unsteady and hlghly
',varlable thus dlspers1ng the carbon monox1de more effectlvely in
'all dlrectlons°. Rather‘than always blow1ng from the road to the
‘Fbulldlng,‘as assumed 1n case 2 the Wlnd w1ll also carry the CO
lfrom the road to the rlver durlng part of the tlme and thereby ‘*;
cause lower pollutlon levels than calculated accordlng to equatlon
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2, At the SameAtime tﬂe lOW'WindLSpeed aﬁd'variablé'direction‘does
not permit a well‘deveibped shear layer to,odcur and trap the CO

in the‘fecirculationregion. Hencé muéh;lowér vaiues of ‘[§(f3
| aré expected thaﬁ thosé based on‘the m3£hématicalvmodél of equation
3.'Based_on»this féassniﬁg; it is expééfed”thétuimpact of the
‘decked Route 18 in 1975 winll‘ also be within safe limits for the

low wind SpeedS'less than 1 mph,

As mentioﬁédfiﬁ péraéraph 3.3.1,'the’déytiﬁe-traffic
on Route 18 in 1995 is}éﬁticipatéd to Be'4300 vehiclés'pef hour,
Using thg_samé equétibqé describéd above;‘the roédWay pollutant :
‘1eve1? assﬁming no impfovemeﬁt in-automotive emission techniques,

will be M N = 41081abv~mi-hf).jfThiSjwill result in AV =

U\6.3}ppm and a Zlf3\f=§  7.2 ppm for 1995.

3-82



‘4.0’I INSTRUMENTATION AND CALIBRATION TECHNIQUES “A

4,1 '_ Test Equ1pment Used

The’follow1ng‘test equipment:nas used toimonitorbcarbon‘l
»mbnoxide-leveis at the*two”test sItes‘onder-evaluation;‘ ‘
1 o Intertech Infrared Carbon Monox1de Analyzer

Uras II - S.N. 37460681
(Intertech Corp., Pr1nceton N. J )

| - 2 Bendlx InfraredfCarbon Monox;de Analyzers -

| U UNOR 5 -'s‘N; s 5= Olés'andh5-0137

- (Bendix Process Instruments DlVo, Ronceverte,
' West Vlrglnla) o |

'l,I~. Speedomax M Recorder - Mark II

o (Leeds and;Northrup,vNorth-Wales,fPa;)
,,2‘ o Speedomak H»ReoOrdersf NodelUS |
| i(Leeds anvaorthrup; North Wales, Pa.)
The meteordlogioaldmeaSurenentsdmade byutheaoontraetor,
iiat the test sites were'obtained:bfyusewof tne'following testt‘w

_equlpmento_dﬂri

1 } ' Windvane and 3 Cup Anemometer - Model #6101
-~ (R. M Young Company, Ann Arbor Mlchlgan)
j _Dual Channel Rustrak Recorder - Model #291/2156
4.2 ‘Data,Colleetion Proeedures

_‘4.2}1ANICarbon Monox1de Data
’The carbon monox1de concentratlons 1evels and those

meteorological parametersvmonltored~at the two‘test 51tes were
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measured by usehofha mobile air pollﬁtion laboratory. This labor-
atory provided the caoablllty of sens1ng,rmeasur1ng ‘and recordlng
carbon. monox1de and meteorologlcal data,

| | In_thls study; carbon monox1de,was measured osing an in=-
frared‘analysis technlqueo Thevmeasuring}princible of the CO
_analyZersvmakesfuse of the spec1f1c radlatlon absorption band of
'carbon monodee in the 1nfrared_range°‘ The three carbon monox-
ide analyZers used inlthls_stcdthere inStalled{in the'air
pollution laboratory,ialongkwith their associated sample handling‘
systems.f | | - o |

.Atyeachﬁof the two test'sites,,polyethylene sampling'

tubes were-positioned atvar10us_locations‘relative to the
building under evaluatlono (The open~end of the tube at the
sampllng p031t10n is termed a probe“) “The sampling tubes
;Hgarrled amblent.alr from therprobe'locatlonshtotthe control sole-
noid_ofrthe carbon monoxide}detection systems'within the air
' pollution‘laboratory. ;The ambient air was continuodsly'drawn from
beach probe locatlon bylpumps 1n the sample handllng systems.

The Intertech CO analyzer was used to contlnuously
measure carbon monox1de from one sample locatlon.: Each Bendi#
analyzer measured‘CO concentratlons from two sample locations;
“Each of the two probes connected to.the Bendix 1nstruments were.

alternately sampled on‘a flve mlnute on, flve mlnute off bas1s



bydsoienOid-vaiyejswitches‘ccntrolled}by a‘synchronous timér. 
7.A hlgh volume gas pumn wasvautomatlcally connected to the
}sampllng tubes not belng sampled durlng each flve minute cycle
,to assure that'a“fresh_Sample would always betavallable atythe
- time of'solenciddsuitchingoliThUs;rdn*one’hcur,six samples of
,five,minutesfduraticn:each‘werevtakenfromdeach ofcthe two probes
aassoCiated‘with»each Bendiilanalyzera —_— | |
| VVarlous fllters, pumps, flowmetersvand coolers were
'i‘lncorporated 1nto each of the sample handling systemswto lnsure
proper precondlt;onlng and flow‘regulatlon;of the sample gas before
jydetection.i;Wateriyapcr;ébeing thevnajcrrinterference inythé,‘ |
F:carbcn monoxide;measuring_technique, nas controiied during the
analysisg 'ThecIntertechrsyétem‘usedyayhumidifier-condenser com?"
;‘binaticn'tc.naintain a‘constant water vapor in:both'sampletand
t»calibration gasés;f1Thé Bendix instruments'inCOrporate an cptical
-frlter to ellmlnate water vapor effects on the accuracy of carbon'
"monox1de analy31s;r | o
‘ Each analyzer Was electrlcally connected to}a strrp chart
"kreco.rder° Contlnuous records of" carbon monoxide concentratlons
jnleasured'at eachhslteiyere obtalned; |
Each :éarbé'n;fmo%{oxide detection system was calibrated
once a day‘(exceptrcn‘neekendS)?to insureithat allfmeasurements
- were . taken w1th the hlghest degree of accuracy. ‘Calibraticn'was d

taccompllshed by 1ntroduc1ng callbratlon gases of know comp031t10n
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into‘thercontrol solenoids attached to‘the_samplfng'tubes and
'adjusting‘the detectionvsystems s0'that theistripkchart recOrd-
er agreed with the callbratlon gasvcomp031t10n.,kTwo calibratiOn
gases were useds. "Zero was establlshed u81ng high purlty
nitrogen while,the upscale:callbratlon‘p01nt was'flxed using a _‘
know‘carbon monoxideiconcentrationjin nitrogen mixture (25 and‘
42 volume ppm);;bDorinélcalibrationfzero.and span‘gas_was alter-

nately»passed'through‘the instruments-using eleCtrically.controll-

o
b

ed solenoid'valvest
| 'Itsshouldfbe noted that each‘detection*System after
callbratlon 1s accurate to + l% of full scale or £ 0.5 ppm.
Slnce the 1ndoor and outdoor probes at a glven locatlon were measured
by - the same analyzer an excellent 1ndoor/outdoor relatlonshlp is
obtalnedo The relatlonshlp between carbon monox1de levels
.lmeasured-by different CO analyzers is subject to the + 0.5 ppmi
7variation‘for'each1instrument. Post test callbratlon at . the :
"contractors plant showed that the detectlon systems varled in an

1ncons1stent pattern over a 24 hour perlod when srmultaneously

"sampllng the same external CO level Cautlon should be observed

: therefore, 1n evaluatlng dlfferentlal concentratlon levels be-"
’tween probe locatlons, especlally since the preponderance of

’; }data obtalned is less than 5 0 PPm-;;'

i

4.2.2 Meteorolog'icalj Data

The windvane was used to measure horizontal wind direc=-

el



“tion while the 3 cup anemometer was ased to measure‘thewind
speed. At both test eites, the meteorological test equipment
‘was installed on a 9'lmpunting arm at a location in_whieh the
'bgeneral wind speed and direction ceuld‘be best"definedo The
- sensors were installed well above any portion of the}buildings
in order to reduCe:the.eddy effect of the building or other
nearby structutes. At the»Frelinghujsen dormitoryvthe eensefs
'%ere loeated‘9' highef than the'highest portion of‘the building.
At thefMusic‘ﬁuiidiﬁgethe seneors were positiened 9‘ above |
:the roof of G1bbs Dormltory approx1mately 500 to 800 feet south-
east of the Mu51c Building.

- The balanced'vane assembly is'supportedvon a vertical
shaft which rotates instainless(steel;ball bearings. The
Verticai shaft . is coupied to a pfecision low torque conductive
type;potentiometer; Changes’in‘azimuth’angle are‘tranSmitted

fthrough the vertical shaft to the shaft,of'the}petentiOmeter.
Witﬁ eonStant,voltage applied to the eiemeht»of the potentidmeter
the signal output is'directlyfprepertionalto the angular posi-“
tion of the Qane. A caiibrationPewitch in the recqrder-trans-
.1ator eiectrieaily mbves aﬁineoming signal tocOrfespond teythe
.‘end‘points of the Windvane'potentioﬁeter:which represents the
.Zerovpositien and fulliscalevpoSitiOn‘of the vane, Any discrep-
.ancy of'the zero and full ecale readings can be'adjusted_by an

‘adjustable potentiometer.,



7 The 3bcupdaneﬁometer is a'wind‘speed sehsor utilizing
ha D.C. tachometer generator whose output voltage is. dlrectly
'proporltlonal.to w1nd speed The 1nstrument is self-generatlng
‘and requlres only the proper adJustable callbratlng re31stance
for coupling dlrectly to a Strlp chart recorder. Callbratlon
is accompllshed by remOV1ng the cup wheel and dr1v1ng the shaft
at a known R P.M. by means of synchronous motor callbratlng
unlt. The_callbrathg.re31stors,are»then adJusted to give the

proper full scale readihgs"on the recorder.



5.0 - DATA
‘ Thrs sectlon 1ncludes all carbon tlonoklde | meteorolog-.r
rcal and trafflc data takeh'ln cenJanctronvw1th the Air
‘Pollutlon Impact Studya. The data is grouped by s1tes, i.e,
Frellnghuysen Dormltory
- Music ﬁuilding |
Within each grouplng,‘the data tables sequentlally present
Carbon Monox1de |
raffle’i,
WinddAZEﬁuth’Direction:
Wlnd Speed |
In some 1nstances data taken prior to and after the off1c1al

monltorlng perlods has been 1ncluded to prov1de a larger

statlstlcal data baseoa'
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'CQ Concentration

'PROBE 3A
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CO Concentration
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. CO Concentration
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(A5

HOUR

2400-100
100-200
200-300
300-400

400-500

500-600
600-700
700-800
800-900
900-1000
1000-1100

- 1100-1200
'1200-1300

1300-1400
1400-~1500
1500-1600
1600-1700
1700-1800

1800-1900

1900-2000
2000-2100
2100-2200
2200-2300
2300-2400

TOTAL

Frelinghuysen Dormitory
Vehicular Volume

George Street = Northbound

4411

DAY
4710 4/11  &4/12  4/13  &4/14  4/15  4/16
60 72 72 101 67 157 181
37 27 34 Ll 47 104 139
18 14 13 26 21 67 93
6 10 16 16 21 37 43
8 3 9 14 13 21 9
21 20 19 14 17 23 10
63 62 65 - 63 60 37 16
223 247 220 215 229 66 37
294 288 289 296 287 139 54
279 279 253 305 240 161 96
251 257 225 258 242 188 138
287 256 250 285 261 259 221
331 350 306 338 348 298 243
281 296 312 298 350 256 263
325 310 365 342 301 287 262
364 337 355 379 366 272 268
369 403 439 421 441 346 254
472 517 540 508 509 270 220
349 382 376 342 335 255 217
307 315 385 341 283 255 249
238 239 250 264 297 270 229
254 265 264 268 281 224 160
167 200 191 224 228 200 173
114 153 127 132 200 219 109
5118 5302 5275 5494 5444 3684

WEEK
AVE,

101
62
36
21
11
18
52

176

235

230

222

259

316

298

313

334

381

433

322

287

255

245

197

150

4949



€1=-¢

Frelinghuysen Dormitory
~ Vehicular Volume
George Street = North bound

Week. Total.»

B} B i - DAY oy . .
HOUR 4J17  4/18  4/19  4/20  4/21  4J/22  4/23  4/24 AVE,  AVE,
2400-100 73 86 103 87 176 - 122 77 89 95
100-200 27 28 34 46 57 46 96 40 47 54
200-300 12 . 20 20 18 27 8 92 29 38 37
300-400 10 . 14 21 23° 15 37 33 9 20 21
400500 -5 - 10 6 7 - .9 .18 20 -6 10 - 11
500-600 14 14 12 14 15 24 13 22 16 17
600-700 60 65 66 50 66 38 17 57 52 52
700-800 245 232 243 . 208 199 89 31 224 183 181
800-900 283 271 347 268 254 117 50 260 231 233
1900-1000 318 253 236 . 315 252 148 92 230 231
1000-1100 233 254 197 230 256 174 110 207 215
1100-1200 255 281 276 266 281 . 255 _ 203 259 260
1200-1300 337 352 335 342 367 322 267 331 324
1300-1400 276 248 278 . 269 352 - 254 275 278 286
1400-1500 325 309 331 324 332 274 247 1306 310
'1500-1600 349 343 313 313 349 293 . 281 © 320 327
1600-1700 426 416 396 408 385 304 263 | 371 377
1700-1800 = 505 516 507 453 474 276 250 | 425 430
1800-1900 371 390 351 355 351 192 284 327 325
1900-2000 319 364 315 343 331 166 249 298 293
2000-2100 233 257 260 290 320 174 218 - 250 253
2100-2200 307 261 231 262 317 181 198 | 251 248
2200-2300 218 208 190 241 279 152 143 , 204 201

. 2300-2400 148 132 135 133 103 158 142 136 143

TOTAL 5349 5322 5203 5265 5467 - 3696 - 4979 4924



YI=G

~ HOUR
2400-100
100-200

200-300

- 300-400

400-500

©500-600
- 600-700

700-800

' 800-900 -
© 900-1000
1000-1100
1100-1200
1200-1300
© 1300-1400
- 1400-1500

1500-1600
1600-1700
1700-1800

1800~1900

1900-2000
2000~2100

“2100=-2200

2200-2300
2300-2400

TOTAL

Frelinghuysen Dormitory
Vehicular Volume o

DAY

~ George Street = Southbound

5634 5794

4/10 411 4/12 413 414 - 4/15  4/16
34 53 - 52 68 .53 103 = 131
20 19 18 33 . 21 53 138
19 11 18 18 14 39 79

1 5 5 7 4 23 21
0 1 9 10 8 9 15
337 32 31 25 0 32 32012

160 147 144 139 149 55. 24
510 - 490 432 - 440 490 96 69
598 566 567 . 582 566 196 86
343 383 349 422 385 277 189

296 283 266 . 260 299 270 214

290 274 295 . 316 355 332 182

334 374 338 347 . 382 313 200
321 341 292 326 - 345 - 315 236
339 284 284 332 370 278 1228

359 . 430 409 - 386 407 264. 242
399 - 410 401 447 441 263 228
362 348 331 374 371 - 232 190

390 377 335 362 364 174 43

315 317 306 368 341 276 49
169 - 225 197 174 236 228 26
160 = 149 185 157 171 147 8
105 187 135 126 153 - 131 47
67 88 85 92 140 106 . 120

5484 5811 6097 4212 2777

- .361

WEEK

- AVE,

71
43
28

g
117

452
335
270
292

327
311

302
357

370
315

292
282
179
140
126

5;‘100

5116



2400-100 46 57

Frelinghuysen Dormitory  |
Vehicular Volume
George Street = Southbound

LT DAy - . WEEK  TOTAL
~ HOUR W17 &/18  4/19  4/20  4/21  4/22 . 4/23  4/24  AVE.  AVE.

82 79 . 179 87 45 82 76

45 . 47 156 - 68 - . 18 53 48
20 ¢ 18 .. 47 54 14 - 25 27

7 4 25 0 24 3. .10 10

T

30 28 23 11 32 27 28
149 150 5L - 22 156 - 114 115
448 453 121 54 . 480 334 . 349
800~900 S e 546 582 . 577 248 . 82 577 435 ' 444
©900-1000 404 389 413 357 286 161 391 - 343 339
1000-1100° . 290 273 . 258 ~ -°297 293 282 193 269 270

100-200 - - 19 . 21
200-300 -~ 11 13
.300-400- " .5 = 5
- 500-600 36 - 32
. 600-700 - 153
700-800 . . = . . 448

- 1100-1200 267 . 334 268 - 268 308 345 208 285 1289

GI=G

©1200-1300° 341 355 334 316 356 311 227 . 320 323
13001400 320 327 271 . 323 349 290 ~ 225 - . 301 . 306
© 14001500 347 .~ 295 337 -~ 353 353 289 203 . 311 - 307
. '1500-1600 - 396 339 352 423 450 294 266 . . 360 358
1600-1700 377 256 432 425 429 - 261 - 270 350 - 360
1700-1800 372 324 - 325 . 397 386 209 260 . - . 325 1320
© 1800-1900 368 313 350 375 362 166 225 - 308 300
1900-2000 337 337 335 . 358 304 227 . 245 - 306 294
2000-2100 191 108 223 = 244 280 191 159 199 189
2100-2200 169 - 190 - 202 222 138 154 179 158
2200-2300 . 141 - 156 168 201 - 125 122 130 138
2300-2400 106 - 119 126 201 109 95 . 126 112

ToTAL - = - 6058 6216 4388 3425 -~ 5202 5169

9 . 15 ... .\-]_0‘,:,,; . 10 - - 10 B K M
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HOUR

2400-100
100-200
200-300
300-400
400=500
500-600
600-700
700-800
800-900
900-1000
1000-1100
1100-1200
1200-1300
1300-1400
1400-1500
1500-1600

- 1600-~1700

1700-~1800
1800~1900
1900-2000

2000-2100

2100~-2200
2200-2300

2300-2400

TOTAL

Frelinghuysen Dormitory
‘ Vehicular Volume :
George Street = Both Directions

g ‘ day ‘ WEEK

4/10 4/11 4/12 4/13 4/14 4/15 4/16 AVE,

94 - 125 124 169 120 - 260 312 - 172 -
57 46 52 77 68" 157 277 105
37 25 31 44 35 - 106 172 . 64
7 15 21 23 25 60 64 - 31
18 4 18 24 21 30 . 24 20
54 52 50 39 49 55 22 . 46
223 209 209 - 202 209 92 40 169
733 737 652 655 719 162 - 106 538
892 854 856 - 878 - 853 335 140 - . 687
622 662 602 727 625 438 - 285 566
547 540 491 518 541 458 352 492
577 530 545 601 616 591 403 552
665 724 644 685 730 611 443 643
602 637 604 624 695 571 499 605
664 594 649 674 671 565 490 - 615
723 767 764 765 773 536 510 691
768 - 813 840 868 882 - 609 482 752
834 865 - 871 - 882 - 880 - 502 410 749
739 760 711 704 699 429 260 615
622 632 591 709 624 531 . 298 - 572
407 464 447 438 533 498 255 435
414 414 449 425 452 371 168 398
272 387 326 - 350 381 331 210 322
181 241 212 224 340 - 325 229 250
10752 11097 10759 11305 11441 6451 10089

8623
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Frelinghuysen Dormitory.
- Vehicular Volume
- George Street - Both Directions

DAY . ' WEEK  TOTAL

- HOUR - 4/17 4/18 4/19 4/20 4/21 4/22 4/23 4/24 AVE, AVE,
2400=-100 119 143 - 169 155 - 209 122 153 163
100-200 = 46 49 - 91 104 202 164 58 102 103
200-300 ‘ 23 ~ 33 - .38 45 - 132 146 43 66 - 65
300-400 . 15 .19 - 30 19 62 57 12 - 31 31
400-500 = 14 17 - 14 18 33 30 16 - 20 - 20
500600 = 50 - 46 - 44 43 0 47 0 24 54 44 45
600-700 - 218 - 199 216 -89 39 213 162 166
700-800 - - 680 - 656 652 210 85 704 498 © 519

- 800-900 - - . 817 - 850 831 365 132 837 . 639 665
900-1000 722 642 - 728 609 434 253 - 565 565
1000-1100 523 527 455 527 549 456 303 477 485

~ 1100-1200 . 522 615 544 - 534 589 600 411 - 545 549
1200-1300 678 707 669 658 723 633 494 _ 652 647
1300-1400 596 575 549 592 701 544 500 - 580 592
1400-1500 672 604 668 677 685 563 450 617 616
1500-1600 745 682 665 736 799 587 547 ' . 680 686
1600-1700 803 . 672 828 833 814 565 - 533 721 736
1700-1800 877 840 832 850 860 485 510 751 750
1800-1900 739 703 701 - 730 713 358 509 636 625
1900-2000 656 701 650 701 635 393 494 604 588
2000-2100 424 365 483 534 600 365 377 - 450 442
2100-2200 476 - 421 464 539 319 352 429 412
2200-2300 359 - - 346 409 480 277 265 356 338
2300-2400 254 - 254 259 304 267 237 ’ 263 256

TOTAL - - - 11323 11683 - 7121 - 10041 10064



HOUR
2400-100
100-200
200-300
300-400
400-500
500-600

600-700
700-800
800-900

900-1000
1000-1100

1100-1200
1200-1300

1300-1400
1400~-1500

1500-1600

1600-1700

'1700-1800

1800~-1900
1900-2000
2000-2100
2100-2200
2200-2300
2300-2400

AVE,

Frelinghuysen Dormitory
Wind Direction = Degrees
(angle wind blowing from)

DAY

LI17 4718 4719 4/20 &/21 4722 4723 4[24
10 270 260 0 60 30 240
10 270 270 330 90 20 270
15 280 260 330 120 0 260
285 300 270 340 120 330 300
300 270 255 315 110 330 20
315 250 255 310 105 340 10
330 270 270 330 105 350 15
340 270 225 340 105 340 10
315 290 180 350 90 330 30
300 280 135 0 100 300 300
45 270 120 5 105 270 30
90 270 110 5 180 270 180
270 270 60 10 160 270 270
250 270 75 10 135 270
270 290 80 10 120 - 270
270 300 60 15 120 270
260 270 45 15 110 270
0 250 270 50 10 90 260
0 240 250 50 10 80 240
15 250 250 50 5 60 230
15 240 270 50 30 50 225
10 230 270 50 240 45 260
10 240 270 40 30 45 270
0 260 300 30 60 40 240
7 299 274 135 359 98 294 315
5-18



HOUR

2400-100
'100-200
200-300
300-400
400-500

' 500=600

600-700
700-800

© 800-900

1900-1000
1000-1100
11100-1200
'1200-1300
1300-1400

1400-1500
1500-1600

1600-1700
1700-1800
1800-1900

1900-2000

2000-2100
2100-2200
2200-2300

2300-2400

AVE,

 Frelinghuysen Dormitory

' Wind Speed - MPH

DAY
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~ Probe A (cont)
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CO Concentration = ppm
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CO Concentration = ppm
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Music Building
CO Concentration = ppm
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HOUR

2400-100
100-200
200-300
300-400
400-500
500-600
600-700
700-800
800-900
900-1000
1000-1100
1100-1200
1200-1300
1300-1400
1400-1500
1500-1600
1600-1700
1700-1800
1800-~1900
1900-2000
2000-2100
2100-2200
2200-2300
2300-2400

TOTAL

AVE,

Music Building
Vehicular Volume

Route 18 = Eastbound

DAY

4/27 4/28 4/29 4/30 5/1 5/2 5/3 5/4
308 466 - 424 235 242 264 295
148 288 348 119 129 139 155
84 195 * 66 65 61 73

66 117 230 65 45 56 55
98 144 109 88 77 69 88
250 204 107 226 221 240 204
636 412 171 580 577 569 537
1189 664 229 1123 1247 1150 - 1153
1213 896 368 1198 1141 1129 1159
1134 1168 562 1106 1092 1074 1097
1125 1200 1376 767 1057 1100 1116 1024
1257 1386 1474 1064 1252 1292 1232 1276
1257 1423 1560 1178 1267 1311 1313 1263
1218 1428 1351 1133 1252 1234 1208 1232
1401 1479 1313 1115 1385 1363 1233 1392
1660 1772 1270 1157 1660 1743 1528 1697
1945 2150 1219 1145 2049 2099 1943 2133
1823 1884 1213 987. 1942 1884 - 1781 1884
1361 1357 1108 920 1324 1257 1183 1357
1207 1330 1123 983 1127 1077 1028 1320
1054 1018 869 898 935 973 762 1187
857 703 620 749 812 771 678 - 936
657 639 505 512 725 638 513 674
494 530 623 423 409 428 420 467
- 23425 20178 15679 22002 22006 20689 22658
- 976 841 682 917 917 862 944

* Switch to Daylight Savings Time



1€=-S

HOUR

2400-100
100-200
200-300
300-400
400-500
500-600
600-700
700-800
800-900
900-1000
1000-1100
1100-1200
1200-1300
1300-1400
1400-1500
1500-1600
1600-1700
1700-1800
1800-1900
1900-2000
2000-2100
2100-2200
2200-2300

2300-2400

TOTAL

AVE,

Music Building

Vehicular Volume

Route 18 =~ Eastbound

DAY
5/5 5/6  5/7 5/8 5/9 5/10 5/11 5/12
318 510 572 229 278 294 348 323
123 312 492 110 142 136 150 181

64 246 274 65 63 74 102 109
58 130 142 55 49 68 50 68
82 137 90 81 74 77 98 96
228 175 84 245 181 214 236 231
563 359 166 544 485 508 574 548
1136 663 234 1149 1028 1114 1192 1158
1137 894 399 1143 1048 1087 1192 1195
1062 1064 583 1075 1042 1067 1129 1188
1121 1352 878 - 1181 1033 1159 1088 1180
1304 1578 1037 = 1270 1131 1188 1231 1346
1447 1575 1215 1364 1134 1377 1270 1449
1313 1383 1207 1248 1082 1358 1208
1501 1274 1145 1403 1148 1338 1308
1795 1275 1185 1720 1600 1674 1694
2150 1427 1190 2102 2061 2151 2023
1943 1234 1066 1882 1712 1822 1784
1444 1077 939 1329 1193 1264 1333
1319 1113 879 1183 985 1089 1250
1049 1020 884 877 875 962 1226
777 633 736 782 700 699 910
598 545 463 602 519 569 648
624 668 358 402 421 443 466

23156 20644 16218 22041 19984 21732 22510 -

965 860 676 918 833 906 938

AVE,

347
198
110
84
94
203
482
962
1013
1030
1110
1270
1338
1257
1320
1562
1852

1656

1230

1134
973
758
587

478

21048

877



(A%

HOUR
2400-100
100-200
200-300
300-400
400-500
500-600
600-700
700-800
800-900
900-1000
1000-1100
1100-1200
1200-1300
1300-1400
1400-1500
1500-1600
1600-1700
1700-1800
1800-1900
1900-2000
2000-2100
2100-2200
2200-2300
2300-2400

TOTAL

AVE,

Music Building
Vehicular Volume

Route 18. - Westbound

DAY
4/27 - 4/28 4/29 4/30 5/1 5/2 5/3 5/4
235 431 456 286 248 234 243
119 302 384 143 84 116 105
78 192 * 65 77 83 70
61 114 258 68 47 48 49
82 100 128 74 54 53 75
164 126 106 139 144 161 141
607 339 144 592 534 612 585
1543 575 186 1549 1542 1466 1542
2224 777 282 2292 2254 2245 2190
1232 1029 427 1275 1333 1379 1305
982 993 1070 613 1046 ~ 1031 994 1033
974 958 1088 723 970 883 917 951
1004 999 1094 869 1006 1062 1023 1015
1125 1148 1043 990 1107 1116 999 1062
1055 1174 1097 1092 1003 1118 1094 996
1110 1287 1093 1008 1275 1348 1230 1282
1015 1235 1097 937 1195 1219 1051 1233
970 1151 1054 1000 1159 1089 935 1116
- 967 1083 995 1058 1122 1005 981 1175
1022 995 942 1054 931 922 883 1089
779 839 856 988 765 719 655 803
689 760 747 791 654 661 594 779
474 616 571 673 422 533 446 563
371 526 565 532 321 352 394 390
- 20109 17297 14699 19459 19425 18593 19792
- 823 721 639 811 809 775 825

Switch to Daylight Savings Time



€e-g

HOUR
2400-100
100-200
200-300
300-400
400-500
500-600
600-700
700-800
800-900

900-1000 -

1000-1100
1100-1200
1200-1300
1300-1400
1400-1500

1500-1600

1600-1700
1700-1800
1800-1900
1900-2000
2000-2100
2100-2200
2200-2300
2300-2400

TOTAL

AVE,

Music Building
Vehicular Volume

‘Route 18 = Westbound

. DAY - :

5/5 5/6 5/7 5/8 5/9 5/10 5/11 5/12
267 454 540 254 227 219 284 272
134 277 388 129 110 108 137 134

73 215 258 72 49 77 73 75
64 125 162 50 - 35 48 46 57
56 109 76 73 56 69 52 60
143 121 77 155 117 141 139 132
564 - 268 137 573 534 531 580 593

1566 545 229 1619 1456 1482 1510 - 1536

2220 789 268 2407 2183 2215 2196 2224

1216 . 934 462 - 1329 1320 1246 1264 1188

1000 1007 730 1069 940 971 1003 1033
990 1057 792 998 892 882 978 987

1095 1120 930 1057 903 913 1092 1025
989 1152 1100 1215 1064 ' 984 1127 1152

1132 1144 1085 1079 950 1216 1125 ’

1255 1239 1008 1284 1161 1266 1296

1270 1150 998 1245 1098 1140 1180

1132 1044 989 1162 1049 1080 1125

1065 1083 1078 1043 987 945 1218
992 1012 1017 907 827 890 958
908 926 978 723 641 743 801
800 825 814 667 595 786 760
581 651 643 481 435 533 522
566 570 456 317 313 370 394

20078 17817 15215 19908 17942 18855 19860 -
837 742 634 830 748 786 828 -

AVE,
310
178
103

82
74
134
483
1223
1784
1129
970
940
1013
1086
1091
1209
1138
11070
1054
963
808
721
543
429

18535

772
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Music Building
Vehicular Volume
Route 18 = Both Directions

DAY
HOUR 4/27 4/28 4/29 4/30 5/1 5/2 5/3 5/4
2400-100 543 897 980 521 490 498 538
100-200 267 590 732 262 213 255 260
200-300 162 387 * 131 142 144 143
300-400 o 127 231 488 133 92 104 104
400-500 180 244 237 162 131 122 163
500-600 414 330 213 365 365 401 345
600-700 1243 751 315 1172 1161 1181 . 1122
700-800 . 2732 1239 415 2672 2789 2616 2695
800-900 3437 2088 650 3490 3395 3374 3349
900-1000 2366 2197 989 2381 2425 2453 2402
1000-1100 2107 2193 2446 1380 2103 2131 2110 2057
1100-1200 2231 2344 2562 1787 2222 2175 2149 2227
1200-1300 2261 2422 2654 2047 2273 2373 2336 2278
1300-1400 2343 2576 2394 2123 2359 2350 2207 2294
1400-1500 2456 2653 2410 2207 2388 2481 2327 2388
1500-1600 2770 3059 2363 2165 2935 3091 2758 2979
1600-1700 2960 3385 2316 2082 3244 3318 2994 3366
1700-1800 2793 - 3035 2267 1987 3101 2973 2716 3000
1800-1900 2328 2440 2103 1978 2446 2262 2164 2532
1900-2000 2229 2325 2065 2037 2058 1999 1911 2409
2000-2100 1833 1857 1725 1886 1700 1692 1417 1990
2100-2200 1546 1463 1367 - 1540 1466 1432 1272 1715
2200-2300 1131 1255 1076 1185 1147 1171 959 1237
2300-2400 865 1056 1188 955 730 780 814 857
AVE, - 1814 1579 1321 1728 1726 1637 1769
TOTAL ‘ 43534 37890 30378 41461 41431 39282 42450

\

* Switch to Daylight Savings Time



GE=G

HOUR
24,00-100
100~200
200-300
300-400
400-500

500-600

-600-700 - -

700-800
800-900
900-1000

1000-1100
1100-1200

1200-1300
1300-1400
1400-1500

1500-1600

1600-1700
1700-1800
1800-1900
1900-2000

2000-2100

2100-2200
2200=2300

- 2300-2400

AVE,

TOTAL

Music Building
Vehicular Volume

DAY

Route 18 - Both Directions

38461

1128 -

5/5 5/6 5/7 5/8 579 5/10 ~ 5/11 5/12
585 964 1112 483 505 513 632 595
257 589 880 239 252 244, 287 315
137 461 532 137 112 151 175 184
122 - 255 304 105 84 116 96 125

138 246 166 154 130 146 150 156
371 296 161 400 298 355 375 363

1127 627 303 - 1117 1019 1039 ~ 1154 —

2702 1208 463 2768 2484 2596 2702 2694

3357 1683 667 3550 3231 3302 3388 3419

2278 1998 1045 2404 2362 2313 2393 2376

2121 2359 1608 2250 1973 2130 2091 2213

2294 2635 1829 . 2268 2023 2070 2209 2333

2542 2695 2145 2421 2037 2290 2362 2474

2302 2535 2307 2463 2146 2342 2335 -

2633 2418 2230 2482 2098 2554 2433

3050 2514 2193 3004 2761 2940 2990

3420 2577 2188 3347 3159 3291 3203

3075 2278 2055 3044 2761 2902 2909

2509 2160 2017 2372 2180 2209 2551

2311 2125 1896 2090 1812 1979 2208 -

1957 1946 1862 1600 ~ 1516 1705 2027

1577 1458 1550 1449 1295 1485 1670

1179 1196 1106 1083 954 - 1102 1170

1190 1238 814 719 734 813 860

1801 1603 1310 1748 1580 1691 1765 -

43234 31433 41949 37926 40587 42370

- AVE,
650
376
214
166 .

168

337

964
2185
2825
2159
2080
2210
2351
2338
2411
2771
2990
2726
2277
2097
1781
1486
1130

908

1650

39600



Music Bu:leJ.ng
W:Lnd Directions = Degrees (from)

HOUR* 4/28 4/29 4/30 5/1 5/2 5/3 5[4 5[5 5/6

280 . 50 270 90 220 290 270 300

2400-100 = = )
100-200 - 295 30 265 150 215 150 260 300
200-300 - 265 90 270 170 215 125 275 315
300-400 - 270 60 270 215 235 120 295 310
400-500 - 260 60 285 225 240 125 315 350
500-600 - 285 © 260 250 235 130 210 350
600-700 - 270 30 265 255 240 135 315 10
700-800 - 315 75 275 270 250 140 10 90
800~900 - 340 105 255 270 260 160 10 65
900-1000 - 360 70 285 265 260 210 5 105
1000-1100 - 350 180 285 275 240 220 360 225
~ 1100-1200 - 330 280 270 270 230 280 360 225
©1200-1300° = 305 300 270 270 225 360 360 240
. 1300-1400 - 300 285 270 280 235 360 5 240
1400-1500 = 300 285 270 270 235 360 5 265
1500-1600 - 310 285 270 280 240 350 250
1600-1700 = 5 280 275 265 225 345 260

5
5 10

1700-1800 290 - 360 270 300 - 265 225 345 15

1800-1900 290 360 270 120 300 225 340 15 240
1900-2000 280 = 360 - 275 135 255 225 320 30 245
2000-2100 270 360 260 110 210 215 320 © 225
1 2100-2200 260 360 240 150 240 235 285 g 225
2200-2300 280 45 240 180 235 250 260 @ 235
2300-2400 290 45 255 185 235 240 210 295 250

SID. TIME 280 325 187 241 242 234 243 339 293
AVE, i R RS

CLOCK TIME 280 325 184 - 244 240 234 245 335 295
AVE, Ll e T

* ALl detavprese;nted"o_n STANDARD TIME

- @'ZerovWind Spee;d,'eonditien - no wind direction

5=36

265



HOUR*

2400-100 -

100-200
200=-300
300-400
400-500

. 500-600

600-700

~ 700-800
~ 800-900

900-1000
1000-1100
1100-1200

 1200-1300-
1300-1400

1400-1500
© 1500-1600
- 1600-1700
1700-1800
1800-1900

~1900-2000
2000-2100
2100-2200

2200-~2300

-~ 2300-2400

STD. TIME
AVE

Mu31c Building

W1nd D1rect10n (cont) Degrees (from)

e:5/77'

5/10

270
270

275

280
280

280

290
© 300
305.
305

325
330

335
315
330

350
5

145

105

110

130

65
70

60

350

CLOCK TIME 343

AVE,.

5/8

180 |

85

120
120
135
130
-120‘f
125

120

130
135,g
130
105
105
105 .
110
115
120

125

120
105

105
120

i 118

s

110
100

95

90
90 -
920
90 -
95 -
100_j
90
85 -
.85
75
70.

65
70

65
- 65
125
40
45
45

- 55

78

- 80

55
45

45

45
30
30
45
35
45
5
L5
- 15
0.
-0

320
330

0

300
270
285
270
210

20
>

i

350
330.
315

310

310
305

300
305

315
315
310
315
315
305

300
290
300

310
300

320
335
30

- 30

25
o322

;‘321 f

ejlz

5[13

20

45
340
315

330

320

355
0
5

10

20
355

5

245
340

340
300
315
320
150

356

351

305
300

315
320

1330

25

5
30
45

255"

250

270
270

255

270
270

270
225

- 230

225

225

230
225

- 240
284

296

% ALl data presented on STANDARD TIME

- 5=37

5/14

225

180
180
240

120
180
225

225 .
255
280
265
240

240
235

225
225

215

180
180
150
140

150

195

180

205

208

300

315
290
300

300

/300

280
260

255

LI T I T Y IR Y Y

268

262

5/15 AVE,
180
200

240
260

303

303



§- -Mﬁsi¢ Building
" Wind Speed = MPH

HOUR*  4/28 4/29 4/30 S/L 5/2 5/3 5/4 5[5

2400-100
100~200
200~300
300-400
400-500
500~600
600-700
~700-800
800=900
900~1000

1000-1100 -

- 1100-1200

1200-1300

1300-1400
© 1400-1500
1500=1600
1600-1700
1700-1800
1800-1900
1900-2000
2000-2100
2100-2200
2200-2300
2300=2400

STD TIME 7.1

AVE,

CLOCK TIME 7,1 5.3 5,1 4.9 6.5 6.3 6.8 6.5

AVE,

1

VMONNN0O B L b

VUWRNWONNOPOVNUTLUILINN U0V

(9]
o
w

5.1 4.8 6.5 6.2 6.8 6.5

% ALl data presented on STANDARD TIME

5=38

3 5.2 5 3.1
2 6 2 4 3 1
2 43 4 22

1 6 3. 4 2 3 .

1 4 4 3 4 4

o 2 5 5 4 7
1 37 6 4 6

2 4 10 7 4 7

5 5 10 7 5 9
2 7 10 10 6 10
2 7 10 9 8 10
7 5 11 10 13 10

7 6 10 10 12 13

9 5 7 9 12 12

9 7 8 7 12 14
11 7 9 7 13 13
12 7 7 6 13 12

9 5 7 1 12 12
7 2 5 6 10 7

7 5 .2 5 71 2

7 4 5 5 6 0

7 3 8 6 4 0
4 3 8 5 2 0

6 3 4 2 1 1

‘ R S S ‘
CONNONOOVWRBINAWENWRNWHWWNN

5.0

5.1



66=C

HOUR *
- 2400-100

100-200
200-300
300-400
400-500 -
500-600

600-700 = -
700-800

800~-900
900-1000

©1000-1100

1100-1200

1200-1300

~1300-1400

~ 1400-1500 -
1500-1600

1600~1700

1700-1800
1800-1900
1900-2000
2000-2100

 2100-2200

2200-2300

£ 2300-2400
STD TIME AVE.

~ CLOCK TIME AVE.

~J

- Music Building
_ Wlnd Speed (cont) - MPH

5/9 5/10

6.3

/71 5/8

8 5 11 7
8 9 12 6

7 5 13 5
7 4 14 6
6 4 15 7
6 4 15 6
5 7 17 6
7. 9 20 7 .
8 11 16 9
6 10 16 9

7 10 17 8
79 13 7

6 11 14 . 6

7 13 12 5.

6 12 15 9
4 14 12 8

3 13 12 5.
6 13 12 6

7 15 11 7

5 15 8 5

5 14 7 3
6 12 6 4

7 10 6 5
5 11 7 5
6.2 10,0 12.5 6.3

9.8 12.7 6.4

[#2]
ot
o

AVERAGES

CLOCK

5/11  5/12 5/13 5/14 5/15

5 2 2 3 3
4 1 2 2 5
3. 1 2 2 4
5 2 3. 2 A
42 4 2 7
4. 3 1 1 5
7 4 1 5 -9
7 .7 1 6 9
9 7 4 - 5 9
10 - 8 5 6 7
13 5 7 5 8
13 6 7 6 7
12 9 g g 7
15 10 - 8 7., -
10 8 7 -
16 10 10 7 -
15 9 9 7 -
10 6 8 6 =
8 5 7 5 -
4 4 7 7 -
11 - 4 6 9 -
8 3 5 7 -
5 3 5 5 =
8.9 5.3 5.1 5.3 6.7

8.9 5.4 5.0 5.3

o)}
©
. Oy

e All dafa-presented,on STANDARD TIME
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6.0 ' Mathematlcal Models of Carbon Monox1de
: Concentratlons at Frelinghuysen

The derivation of the\mathematical models"presented in
Sectlon 3.3 is dlscussed hereln. The analys1s 1s d1V1ded 1nto three
basic cases characterlzed by the w1nd dlrectlon. gThese are;
“Case‘.l ‘e;iw1nd parallel to roadway |

‘Case 2 - “wind blow1ng perpendlcular to roadway, .
o - from road toward bulldlng X

Case 3 -' w1nd blow1ng perpendlcular to roadway,
‘ from bulldlng toward road ‘

To make the analySLS tractable a 2= dlmen31ona1 conflguratlon
is assumed in all cases, i.e. a llne source w1th an 1nf1n1tely '
t\long (in- road dlrectlon) bulldlng.f Thls 1s=a~conservat1ve l
: assumptlon s1nce 1t neglects edge effects and the accompanylng
‘reductlon of pollutlon 1evels by ventllatlon and escape between
bulldlngs.h Development of the mathematlcal models 1s presented
below. Table 6 1 llsts the nomenclature used References are
d 1ncluded on Table 6. 2 ‘
- CASE 1
For case l the»source is modeled as an 1nf1nrte llne
“allgned in the w1nd dlrectlon and located at the edge of the
deck An 1nf1n1tely hlgh 1mpermeable vert1ca1 wall is. placed ai
"dlstance from the deck to S1mulate the.dormltory wall ThlS

, is a conservatlve assumptlon since it prevents escape of CO

over the bulldlng tops. A cross sectlonal 1llustrat10n of the

6=1
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TABLE 6 1

NOMENCLATURE

:1ncreased above background of carbon
monox1de at building site for case

- ppunds of CO emltted

vehicle - mlle

vehicles = traffic volume rate
hr v ' : o

 Mph :n= wind speed

. meters = horlzonltal distance from outer edge of
' deck to’ bulldlng wall L

meters ="i"vhie:i.‘ght'Of bUilding aboVe deck level

‘metersd'f ‘1dheiéht of'building aboVe'stfeet‘level

‘dimensionless = horizonital spreading coefficient,
dependent on stability class

' -meters_ {#"Cverticalispreadb(sténdard‘dev ) at a
' ,distance W f£from source, dependent on
: stablllty class’ :

‘meters = wetted length of shear layer measured from
- building top to reattachment point.



model is givén in Figure 6.1.

Line
Source
\

\

.

7 P -
)

T W ;'_f;;;_,._“,;-:...,_,l
Figﬁre 6.1 Caée 1 Model
Céncentrations_are modeled at point P_the intersection of the
deck level with the dormitory wall (point of highest concen=-
tration along buildiﬂg wall), by treating infinitesimal segments
of highway as point sources and integrating along the infinite
line representing thesonce. Tﬁe method of images is uséd‘to
achieve the zero cbnéentration grédient at the impermeable

vertical wall. Mathematically stated:

. P . - /.‘ . .
. V- \.,.,,:;.-1 Exj‘
N . . b

2 M .
e —
7 V A ,é;;

b

o
g

AC, = (140

]
L7
V . .

[

The number (.140) is a conversion factor to allow for the system
of units used. For the horizontal spreading represented bwalg
~ the following relationship is assumed in terms of downwind

distance (x) from a source:

& = 8

J

6=-3



where:

Stah;lity Class A _B ;C D E
e BS . 1,213,158 .104 .068 050
This form: closely approx1mates the Pasqulll-Glfford curves for
(fe x . for various stablllty categorles (Reference 2)
Actually E:;«ﬂxqé'93 would be a.bettervflt° Substltutlng in

the equation and integrating gives:

. - ' e :
‘ ' : X/
N ™ $ o IV . . ‘ (I)
[y 2t Al T :
T TV w B, : .

which is thetformuia?ﬁeed‘fer:caicuiétions in the aboye‘seetion.
 CASE_ 2 |

For Case'Zthe'éoﬁreeLisfagein‘modeledvas an‘infinite
1ine source whieh is ﬁow perpendiéular'ﬁo the wind. An impef- |
meable wall of helght H 1s 1ocated a distance W downW1nd of
ithe line sourceg. For such a flow fleld a re01rcu1et1ng region -
v -will o¢cUr aC£pss the eorner interseetion"Of the deck 1evel'and
‘the building wall., A efoss - sectional illustratioh:is giﬁenvin:

Figure- 6.2,

“654



Concentration

' o profile
Wind Speed V. * : S oo T
| m—— L. v ; ¥
_ . v v . ’ Q A .
3 _\'\\‘i L e l
Line e T T |
Source . ly)y | Rec1rculat10n, ﬁ }
Sy S/ R e J Y.

Figure 6.2 Case 2 Model

Concentration: 1n the re01rculat10n region builds up until‘fluxb
across the separation streamline (S-A) becomes zero and a uni-
form steady state value is reached. ‘This uniform concentration"
‘lS the maximum exposure along the dormitory wall and is the value
estimated herein byééle._ it 1s assumed that this value.ls an .
average of that'achieved along,the separation streamline S=A,

In particular this'auerage is:taken as the concentration'at some
intermediate location»betWeen-the separatioanOint;S-andvthe
attachment point A.'{Along this streamline the»COncentration is
calculated according to the equation for ground level ooncentra-
tion associated with a Gau531an vertical distribution downw1nd
of‘an infinite groundflevel line source;(Reference 2)° Distance
X doanind is takentas'the,distance from the'SOurce to point §
plus that from pointQSto thebintermediate pointdalongtSQA.” The

equation for concentration at X is:

6=5



)’x C ‘: #‘ﬂ ) /4 pJ = { }
----- Gam (o) i ) G

where (.140) is‘again~aICOnversion factor peculiarvtO'the'_i
system of nnitsdused‘herein. As in~Case'1;'itiis possible to
obtain }this equation ;'by‘integratibn of~point sources along an
;infinite line. The term Gz is the vertical spread as Tepresen- |
}ted by the standard deV1at10n of the vertlcal proflle° To |
evaluate the above formula‘;t is necessary to specify the‘distance
'sX and therefore the.points S andhA"must be knOwn; fAlthough o
‘adifficult to determineieXactly,‘the point X is'readily‘estimated,
by realizing“that pqint_S must be‘betWeenathe source 1ocation
~and the Wall'since;theldeck edge‘is Well”above the river ievel. _Thus
vif‘X were taken as theimid-peint 6f S=A, ’the minimum'possible
value for X would be W/2 ‘while the maximum would be (w + H/Z)
For Frellnghuysen Dormltory and a deck extendlng to the roadway
vedge W is approx1mately 2H ‘Hence < X ( Sh '. _ Thus for |

31mp11c1ty and in the sp1r1t of the approx1mat10n, 1t is assumed

uheresthat X =W, The equatlon fqr[&Chcan now;be written as

N 4 (62), D



‘where (C;é‘)w is eﬁaluated at a distanceawsfrom'thersource.
Values for (é;& )w are obtained here‘from thefPasquill-Gifford_
curves for(S' Vs dlstance from the source (Reference 2). Since
these results areﬁllmlted to dlstances of 0.1 km to 100 km, it is
necessary to-extrapolate4to 50 meters which is the assumed value
of W; Thns the followlng values are‘taken:_r

Stabllltv ClaSs_ A B_- " » C ‘ D - E_
@g ) (meters) . 6.80 5.50 » »3.90 - 2.48 1.92

,where stablllty class A is the most unstable w1th class E belng
most stable, Due to. dlsturbances by urban roughness and heat
. island effects,lstablllty class F is neglected here as it is
generally'considered so‘stable as to occur'only:inhrﬁral areas
of flat terrain .' | | |

'CASE 3

Case 3 is modeled as an infinite llne source at the

‘ 'deck edge with a bulldlng of helght H a dlstance W upw1nd of the

source. It is 1mportant in this case to dlstlngulsh the height H
above deck level and the height Hy above river level. Figure 6.3

illustrates the model.



Thickness b=f(S)

““H5’Wé§§éd lenght(s) ~

' Line ‘ |

éO'S}“Q LSo;rce : . g
A Deck>————— V- |
Rﬁrér N H '<_~.*w —— y

e M o e s e e i oo VH.

 Figure 6.3 Case 3 Model

For Case 3'thefe is aitrapping effect by the shear 1ayér which
extends froﬁ the building top to avdistanqe M out from tﬁe facé

of the building. Within this layer is a recirculation region

with an apptoximately uhiform conceﬁtratio‘nvleVel'o Cérboh ﬁonoxide
builds up in the tfapﬁed‘recirculaﬁing regioh‘uhtil a steady state
value is feached for which the input from}the road source is
balanced‘by'the dutput;by_turbulent‘transportvaéross'the.sheaf_
layer., .A~mathematica1 statement of thisvbélance'leads to the

concentration excess zﬁg(fs above background. Thus

o A -
./%‘ﬁ& i/}(?* Ej ;fgizif 0L44f



_ where the 1l.h. s is the input and the r. h s. is the output The |

',y”r h. s. 1is 51mply the 1ntegral along the entire shear layer length
: of-the turbulent dlfoSlOH'Wthh 1s spec1f1ed accordlng to Ficks )
law in terms of the turbulent dlffu51on coeff1c1ent D and the

AC '3

'approx1mate concentratlon gradlent "b o ‘TO'obtain a usable form‘oi

the above equatlon, 1t 1s necessary to substltute}D and b as func=
tlons of s. There»are spec1f1ed here -accordlng to clas31cal |

B theory (see Reference 3 Chap 23),:‘ | |

| b - 0.178s ?, D =0.00137 Vs |

: where it has been assumed that the Schmldt number is unlty so that

‘fthe turbulent d1ffus1v1ty equals the eddy V1sc031ty° 'Substltut-
:1ng the above b and D as well as a conver51on factor to allow for

the system of unlts used hereln ylelds ‘
MA | i
AC;, /7 7 I )
VAr | .

'Wthh is the formula used above for calculatlon of the resultso»
: To 1mp1ement equatlon (III ) the total wetted length of the
shear layer:(sr)ymust be-specrfled.r This rs‘estlmated here to»be

given according to:

Sr.i=;f6§5,Hf G

;Followingris§the basis of the above estimate of sy.



According to Reference 4 and _§ the horizontal reattachment
distance m in a v2-dime1§1sriona17 flow ’expected to be about 10-15

. - H where H is as shown in Figure 6 .4:

. | 1\ ‘ | - N"‘f’”}.‘.,i;;; :

~

-7 - H | Recirculation ™~

~ Figure 6.4
The reattachment distance m behind a step in a finite chammel
(Figure 6 .5) has been s.tudiéd experimentally by Abbott and

Kline (Rebfe_i:er'lce‘. 6) and b'y'Hsu' (Referénce .

' T —> V
- L f’
- | ,
v B | -,‘,\*%\j\
H| T
il —— .
~ Figure 6.5

Examination of these e}‘cpe'ritﬁental'resul_ts: forL>3H _ indicates |
that m>5 H Evaluation of Abbott and Klines analytical
solutibn in },the"v]_.Jj'.n‘tit»'bf“infiniteL shows ,m‘=”_6°5'Hv. ~Since th‘e

| étreét and roéftbp_s mthe ﬁiciﬁity ‘of .Frelinghuysén"are 'rlow‘er
than Frelinghﬁysen rqof , but higher Ith‘a\ri‘ fiver‘ level ;tvhe actual
Routé 18/Dormitory configuration 'is consid'e‘r’e-d to be a combination
of Figures (‘ ,6.°4) andi( 6 .'5’) and hencg a ﬁ‘alue between ‘6.-57 H and
10—15.H might be ,assuméd for m. HdweVer', since._A Cyis ihversely
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pr0port10nal to sr the smaller more conservatlve value (m =
6 5 H) ‘has been adopted , Further, it has been assumed agaln con=
_servatlvely, that sr 1s the shortest dlstance from the rooftOp

to the reattachment p01nt 1.e°>
o . . B . | - . - ':";i"" {’k’ - »[,. /L\: -
dr = (TR () = Hefies” 2 654

‘Flnallydltvrs p01nted‘outrthat the above estlmates are based on

two dimensional flow and 1n a three drmen31ona1 case alrkescapes X

| around the«bulldlng srdes and‘thus smaller values of s, are expected
Byrne and Peskln (Reference 4) ‘have verlfled thlS by wind tunnel
experlments w1th the actual 3-d1men31onal Route l8/Dorm1tory con-
flguratron.' The effeot of thlS reduced sr in increasing ¢£X\JL
however, is‘expected to be more/thanrcompensated for by the vent-
ilating effeotof}airéourlingaaround.the building‘sldes as well as
the added opportunitynforlco.removal due:to the actual finite

‘roadwise dimension of the recirculation region.
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7.0

Photographs

o Photographs were taken of the three test sites in-

1VOlved in the Route 18 Freeway Exten51on Studyo: The photograph

hblndex map show1ng the relatlve 1ocatlon of these sites follows,

'"'along w1th the photographs pertlnent to thlS A1r Pollutlon

R_Impact Studya A descrlptlon follows

4.

11." .
' Bulldlng on Route 18 side taken 5/11/72.

12,

Aerial v1ew of Frellnghuysen Dormltory bulldlng taken
2/24/72, o v ‘ ‘

Aerial view of Frellnghuysen Dormltory bulldlng w1th render-

1ng of proposed Route 18,

V1ew of air pollutlon moblle lab at the Frellnghuysen :

pDormltory bulldlng canal s1de taken 4/24/72
| Aerlal view of Mu81c Bulldlng taken 2/24/72

. Vlew of air pollutlon moblle lab at the Mu51c Bulldlng

Douglas Campus taken 5/11/72 show1ng air monltorlng probe
in foreground attached to wood utlllty pole°

Vlew of air. monltorlng probe attached to center pier of
George Street exit ramp at Route 18 and Mus1c Bulldlng

~ taken 5/11/72

R

vV1ew of air monltorlng probe attached to wood utlllty pole -

off eastbound Route 18 at bottom of lepe at Music Bulldlng.

View of air monltorlng probe at second floor of Mu31c

View of set up of ﬁeteorologica1'1nstruments on the roof of
the Gibbs ' Dormltory Douglas: dlrectly across George Street

- from’ Mu31c Bulldlng._
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Photo #7
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Photo #8
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Photo #10

Photo #9
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Photo #12

Photo #11
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