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percentages of passenger cars and l ight trucks which are operating in the "Hot 
Star t"  and "Cold Start" conditions (by EPA definitions) on the various 
classifications of New Jersey roads. These percentages will ultimately be 
utilized as correction factors in the computer program presently being used to  
predict automotive a i r  pollution for environmental impact statements. 

Data will be collected b stopping vehicles a t  s i tes  which are representative 

engine temperature will be measured a t  two points. 
asked t o  provide estimates of engine running time and soak time for the period 
jus t  prior t o  stopping. The d a t a  thus obtained will be analyzed t o  determine 
whether each vehicle was h o t ,  cold, o r  stabil ized, and  w h a t  the t o t a l  
percentage i s  for each of these categories, for  eacn roadway classification. 

This task report covers two portions of the project. 
of the s ta t i s t ica l  distribution which would be best suited t o  the d a t a  t o  be 
collected, and  the detemination of the sample size appropriate t o  the desired 
level of confidence and confidence limits. The second part i s  the method used 
t o  obtain an i n i t i a l  l i s t  of 180 potential d a t a  collection s i t e s ,  and  the 
c r i te r ia  and method applied t o  reduce th i s  to a final l i s t  of 49 s i tes .  
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SUMWRY 

T h i s  task was divided i n t o  two main parts, the f i r s t  being a study 

of the s t a t i s t i ca l  procedures involved. 

vehicles were to  be considered ("Hot", "Cold", and "Other") , i t  was determined 

t h a t  the multinomial distribution need n o t  be used. Instead, the binomial 

distribution was investigated, and being i n  comnon use, there  was a great 

deal of textual and tabular information available. T h i s  f ac i l i t a t ed  choosing 

i t  for  the analysis o f  d a t a  to  be collected under a l a t e r  phase of the 

project. Once the choice was made, i t  was rather simple t o  detennine 

an appropriate sample size for  the desired confidence level and interval.  

A1 though three categories of 

The second p a r t  of the task was s i t e  selection. After a thorough 

examination o f  the variations i n  the six functional c lass i f ica t ions  of roads 

l is ted i n  the work proposal, i t  was decided t o  subdivide some of them so tha t  

these variations would be adequately represented i n  the f i n a l  group of s i t e s .  

Accordingly, twelve categories were obtained, and s i t e s  were selected for  

each. 

Jersey Department of Transportation road inventory. 

selected fo r  each category. 

for each selection to  determine compliance w i t h  a s e t  o f  c r i t e r i a  developed 

for this task. 

inspected i n  s i t u  to  ascertain conformity w i t h  safety requirements and tha t  

adequate t r a f f i c  volume existed, the goal being to  ob a i n  f i ve  s i t e s  f o r  

each category. The final step i n  s i t e  selection consisted of compiling a 

l i s t  of s i t e s  w i t h  expanded f i e ld  notes, special travel instruct ions,  and 

appropriate maps. 

The i n i t i a l  selection was accomplished by randomly entering the New 

Fifteen s i t e s  were 

This number was reduced by examining the f i l e  

Sites which were not eliminated by t h  s method were then  

1 



INTRODUCTION 

Project Introduction 

Environmental impact statements require t h a t  a i r  pollution levels from 

the roadway be predicted from t r a f f i c  d a t a .  

i n  p a r t ,  on the percentages o f  vehicles which will be operating i n  the  "Hot 

S t a r t "  and "Cold S t a r t "  conditions. Present estimates o f  these percentages 

are based on engineering judgement, and are not  accurate enough t o  meet the 

standards for environmental impact statements. The objective of the project 

then i s  to determine, w i t h  known accuracy, the average percentages o f  vehicles 

which are operating in the "Hot S t a r t "  condition and "Cold S ta r t "  condition, 

the exact definitions of which are contained in Appendix E. 

percentages o f  "Hot" and "Cold" s t a r t s  will be determined f o r  the following 

six functional classifications o f  roadways: 

Such predictions a r e  based, 

The average 

1 ) Rural principal ar ter ia l  system 

2 )  Rural minor ar ter ia l  and collector road systems 

3)  Rural local road system 

4 )  Urban principal arterial  system 

5)  Urban minor arterial  and collector road systems 

6 )  Urban local s t ree t  system 

This will allow predictions for  proposed construction to be based on s t a t i s t i -  

cal ly Val i d  techni.ques, thereby meeting the requirements fo r  environmental 

impact statements. 

The project will achieve i t s  objective in the following way: First, 

a method t o  measure hot/cold s t a r t  opera t ing  characteristics i n  the f i e l d  

will be developed. 

porating the measurement method will be developed to find the percentages 

Second, a s t a t i s t i ca l ly  sound f ie ld  survey plan incor- 
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of hot/cold s t a r t  operation for  vehicles operating i n  New Jersey. 

the plan will be implemented to  collect  data which will p r o v i d e  the percent- 

ages of hot/cold start vehicles on New Jersey roads. The f i r s t  two s teps  

make up the f i r s t  phase of the project, development of the f i e l d  survey 

methodology, while the second phase, implementation, consists o f  t h e  t h i r d  

step. The f i r s t  phase will be accomplished by performing the following tasks:  

1 )  l i t e ra ture  search for general background, definitions, and information on 

infrared physics and technology; 2 )  vnhicle operation experiment; 3) demon- 

stration and comparison of measurement methods; 4 )  sampling scheme develop- 

ment; 5) sampling scheme f ie ld  t e s t .  

Th i rd ,  

Task Introduction 

The objectives o f  this task were to  provide a l i s t  of s i t e s  a t  which 

h o t  and cold s t a r t s  could be measured, and to determine the minimum number 

o f  vehicles necessary for a usable sample f o r  each functional c lass i f icat ion.  

The s i t e  l i s t  was to  be properly founded on s t a t i s t i ca l  theory and a t  the same 

time was t o  be compiled i n  the most practical and ef f ic ien t  manner. 

reason, different methods were considered p r i o r  t o  beginning actual s i t e  

For this 

selection. 

The main point t o  consider i n  s i t e  selection was t h a t  although v a l i d  

s ta t i s t ica l  methods were to  be used, the objective was n o t  to  sample s i t e s  

per se,  b u t  merely to insure t h a t  the selection was bo th  unbiased and adequate 

for project needs. 

larger the sample, the narrower the confidence l imits.  

s i t e  selection and sample size seemed t o  be independent, they were i n  fact 

related by the practical requirements o f  the project. 

On the other hand, vehicles were - t o  be sampled and the 

B u t  while i n  theory 

T h i s  will be discussed 

be1 ow. 
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STUDY PROCEDURES 

Statist ical  Research 

A.  

with and has been extensively tabled, i t  was investigated as the obvious 

choice in considering sample size reqairements. 

of using the binomial distribution, i t  was noted t h a t  one of the requirements 

i s  t h a t  the events be independent, or stated another way, t h a t  sampling be 

done w i t h  replacement. This d t o  a brief study of the hypergeometric d i s -  

tribution, which has the same cr i ter ia  as the binomial, except t h a t  sampling 

i s  w i t h o u t  replacement. 

comparison to  the assuned sample, i t  w i l l  be of  l i t t l e  conseauence i f  sampling 

i s  done without replacement. In  fac t ,  f o r  the conditions expected i n  the pro- 

j ec t ,  there would be no discernable difference between the two distributions.  

The multinornial distribution was also considered a t  t h i s  time because the 

categorization of results i n t o  "Hot" , "Cold", a n d  "Other" 

this  as a possible choice. 

were met [l ,5]. 

suitable o f  the three. 

Distribution of Data - Since the binomial distribution i s  simple to work 

I n  examining the val idi ty  

B u t  since t h e  project population i s  very large i n  

seemed to  indicate 

Furthermore, the other c r i t e r i a  fo r  the distribution 

However, the binomial distribution proved to  be the most 
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B. 

selection were interdependent. 

s ta t i s t ica l  theory i n  determining sample size,  i t  was equally necessary to  

comply w i t h  the very real constraints imposed by limited time and funds avai l -  

able for  sampling. 

determined on the basis o f  time available, rather than on theoretical s t a t i s t i c a l  

requirements. 

calculations were consic Ted: 

Sample Site Determination - As noted previously, sample size and s i te  

While i t  was necessary to  comply w i t h  

Therefore, as a f i r s t  approximation, sample s ize  was 

Using the information available a t  the time, the following 

1 .  Of the one year allotted for sampling (260 working days), i t  was 

assumed t h a t  240 days would be available for  f i e l d  work. 

2 .  There are 6 functional classifications,  so 40 days of sampling 

could be allotted t o  each. 

Assuming six s i tes  per functional c lass i f icat ion,  and six days pes 3. 

s i t e ,  there would be 36 days scheduled for sampling and four 

unscheduled, for  contingencies. 

A sample rate of  20 vehicles per hour was assumed. 

of sampling per s i t e ,  and a t  a m i n i m u m  of two hours per day, the 

total vehicles sampled per s t e  would be 240. 

During the 36 days scheduled for  each functional c lass i f icat ion,  a 

t o t a l  sample of 1440 vehicles would be obtained. 

Since there are four  unscheduled days o u t  of each 40, there are  24 

such days i n  a l l .  

problems, or personnel problems, sample s ize  is not  reduced. I f  a l l  

or par t  prove usable, sample s ize  could be increased. 

4.  U i t h  six days 

5. 

6. 

I f  a l l  or p a r t  were l o s t  due to weather, equipment 

I t  can be seen then t h a t  the sample s i ze  depended upon the nunber o f  s i t e s  

selected, and vice versa. An even number of days per s i t e  were chosen so t h a t  
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opposite sides of the road could be sampled on al ternate  days. 

days woul d perhaps have yielded too  smal 1 a sample on a low vol me road, 

while allowing 67% more s i tes  t o  be visited. 

t h e  nunber of s i t e s  by 16%,  while virtually insuring t h a t  a large enough 

sample would be obtained. 

days for contingencies. 

I t  allowed f o r  10% of the working days t o  be unscheduled, g i v i n g  great f lex i -  

abi l i ty  t o  the f ie ld  mgrarn. 

assuned sampling rate of 20 vehicles per h o u r ,  while s t i l l  yielding a large 

total sample, even a t  a minirnun of two hours per day. 

Four 

Eight days would have reduced 

I n  either case there would have been no unscheduled 

Six proved t o  be the most practical  number however. 

I t  also allowed f o r  a 59% reduction i n  the 

Having considered the practical aspects, i t  was t h e n  necessary t o  determine 

t h a t  t h e  projected sample size was s ta t i s t ica l ly  sound. As a f i r s t  estimate o f  

the validity of this approach, the appropriate charts i n  Reference [S] were 

consulted (Figure 1 ,  page 7). 

study was made. 

These supported the method, so a more d e t a i l e d  

Assuning no a priori knowledge of the percentage of hot (o r  cold) s t a r t s ,  

the worst case ( p  = .50) was taken t o  determine sample size [7]. 

i n g  formulas u,/2 i s  the abscissa for the normal curve for w h i c h  + - " ~ 4 2  

times s ( s tandard  deviation) equals the confidence limit. 

equals 95% confidence limit. From 

In the follow- 

For example + - 1.96 s 

UW ) 2  ( l ) ,  
n max = (arc sin 2a* 

i t  was f o u n d  t h a n  n max = 1066, for a confidence interval b* = -03 a t  the 95% 

level. Using the same formula t o  find 6* f o r  n max = 1440, 

arc sin 26* Ca/2 ( 2 )  3 

1440 

6* ,026 

6 
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I t  can now be seen t h a t  1440 i s  certainly a n  adequate sample s ize  for  even 

a worst case situation. 

s i tes  themselves ( n  = 240) are + ,063 ,  w h i c h  i s  n o t  excessive. 

Furthermore, the confidence l imits  for  the individual 

- 
The preceding was based on p = .SO. If a less unreal is t ic  case i s  taken, 

say  p = .25, the sample size f o r  o *  = 3 6 3  i s  (aga in  from [ 7 ] ) ,  

r 1 2  
1.96 

.063 
.5 cos (arc s i n  .5) 

n -t 180 

For n = 240, 6* .055, a reduction of a b o u t  13%. I f  99% confidence i s  

desired for  n = 240, the limits spread t o  + ,071 ,  an increase o f  13%. - 
As a l a s t  calculation, consider the case where the to ta l  sample s ize  

for the functional classification i s  reduced by SO:,  and choose a 99% 

confidence level,  for  a worst case ( p  = .50)  calculation o f  6*. t'sincj ( 2 ) ,  
arc sin 2a* = 2.576 

VET 
26* = .0958 

b* .048 

These calculations show clearly t h a t  the sample size per s i t e  and per 

classification is adequate for even the worst case. 

sequel t h a t  i t  was necessary t o  l i m i t  the s i tes  t o  five Der category resulting 

in a rnaximun expected sample size of 1200. 

as seen from the foregoing. 

I t  will be seen i n  the 

However, this i s  more than adequate, 

8 



Development of Si te  Selection Criteria 

Four general groups of c r i te r ia  were developed f o r  the selection of 

sampling locations. 

deal of f ie ld  inspection of tentative s i tes  could be  eliminated and t h a t  

the actual f ie ld  work would be greatly fac i l i t a ted  by applying the c r i t e r i a  

on the ' -sis of written information, prior to making f i e ld  inspections. 

Accordingly, a detenination o f  the information available on road charac- 

t e r i s t i c s  from within the NJWT was undertaken prior t o  developing cr i te r ia .  

Files,  maps, engineering o p i n i o n s ,  and general assistance were obtained f r o m  

the Bureaus of Data Resources , Statewide Transportation P lann ing ,  Highway 

Planning, Environmental Analysis, and the Division of Data Processing. 

In choosing these c r i te r ia  i t  was assuned t h a t  a great 

1 

In  certain instances, engineering judgement was the major factor  i n  

deciding whether o r  not  a s i t e  met a particular cri terion. 

physical characteri s t i  cs of the s i  t e  imedi ately yielded a "yes-or-no" 

answer. The following discussion will c lar i fy  the s ta tus  o f  each criterion 

i n  th i s  respect. 

A.  Variation Within Functional Classifications - From the outset  i t  was 

apparent t h a t  there would be variations w i t h i n  the functional c lass i f icat ions,  

and t h a t  these should be considered i f  the d a t a  for  the classi f icat ion was to 

be valid. The concept of actual usage rather t h a n  functional c lass i f icat ion 

was considered a t  length, and i t  was f inal ly  determined that  certain classi-  

fications should be subdivided i n t o  those predominately affected by hot  s tart  

generators, cold s t a r t  generators, and neither (designated H, C ,  and 0 ) .  

sa t isf ied the requirement fo r  including usage while encompassing the variations 

within the functional classifications.  The final subdivision is l is ted below. 

I n  others, the 

T h i s  
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U RBAil 
L__ 

Principal Arterial 

1 .  Hot S t a r t  Generator 
2 .  Cold S t a r t  Generator 
3 .  All Otners 

Minor Arterial and Collector 

1 .  Hot S t a r t  Generator 
2 .  Cold S t a r t  Generator 
3.  All Others 

Local - no subclassification 

RURAL 

Principal Arterial - no subclassification 

Mi nor Arterial and Col 1 ector 

1 .  Hot S t a r t  Generator 
2. Cold S t a r t  Generator 
3. All Others 

Local - no subclassification 

I t  should not  be inferred from this t h a t  s i t es  were selected because generators 

were (or were n o t )  within s i t e  limits. 

for Hot and Cold Star ts  (See Appendix E )  such generators could be several 

miles away. 

O n  the contrary, under the definitions 

The ultimate goal was t o  obtain five s i tes  plus one a l te rna te  for  each 

of the functional classifications o r  subdivisions thereof. Accordingly an 

in i t ia l  l i s t  of f if teen s i tes  f o r  each category was compiled randomly, for  a 

total of 180. 

virtually insure t h a t  the final group of 72 would be available. 

was taken so t h a t  subdivisions of t h e  functional c lass i f icat ions would be 

represented by samples which were a s  large as possible. 

assumptions o f  20 vehicles per hour and a minimun of 2 hours per day for  six 

I t  was assuned t h a t  starting w i t h  such a large nunber would 

This approach 

Recal l ing t h e  ea r l i e r  

10 



days, each s i t e  would yield a sample of 240 cars,  o r  1200 fo r  the f ive  s i t e s  

i n  the category. Therefore, even i f  only one s i te  out of the original 

f if teen proved usable, a useful sample could be obtained. 

B.  Safety - The foremost consideration i n  developing selection c r i t e r i a  

was safety. I t  had already been decided t o  conduct the f i e l d  study by stopping 

vehicles a t  the roadside and interviewing the drivers, i n  addition to  obtaining 

engine temperatures. 

side of the stopped vehicle, so adequate clearance between the stopped vehicles 

and the roachay was the f i rs t  consideration. 

i n  account. As a rule of thumb, line of s i g h t  was considered adequate i f  i t  

appeared t h a t  a vehicle could be stopped in three-quarters o f  the distance 

the driver could see ahead, assuming that the posted speed l i m i t  was not 

exceeded. 

including t h a t  on intersecting roads o r  utilizing adjacent businesses, ease 

of return t o  t r a f f i c  stream af ter  stopping, and avoidance of f a l l en  rock zones, 

deer crossings, ca t t l e  crossings, truck and equipment crossings, bicycle 

routes, parks and playgrounds. 

C. 

enough t r a f f i c  t o  obtain a sample o f  240 vehicles for s i x  days a t  the s i te .  

Because of the considerable distance t o  many of the s i t e s ,  i t  was determined 

t h a t  generally no more t h a n  four  hours o f  sampling could be  undertaken each 

day. 

Arterial and Collector classifications the sample size would be limited only 

by the capability of the personnel and equipment, i t  was not c l ea r  that  the 

criterion of  240 vehicles could be met for  the remaining classif icat ions.  

Furthermore, t r a f f i c  counts were n o t  available fo r  local and county roads, 

The interviewers would necessarily be on the t r a f f i c  

Next, l i ne  of s i g h t  was taken 

Further safety factors were non-interference w i t h  t r a f f i c  flow, 

Sample Size - The second major consideration was tha t  there should  be 

While i t  was clear t h a t  for  the Urban Principal Arterial  and  Urban Minor 

11 



a n d  on 

Accord 

y for certain locales on s t a t e ,  U.S.,  and in te rs ta te  highways. 

ngly, i t  was decided t o  rely on engineering judgement based on f i e ld  

observation of t r a f f i c  volumes ratner t h a n  t o  a t tempt  to develop a cr i ter ion 

which might la te r  prove t o  be unrealistic. 

D. Miscellaneous Criteria - I n  addition t o  the preceding c r i t e r i a  certain 

types of roads were assuned t o  be unsuitable for sampling. 

ends, a1 1 eys, d i  r t  roads,  one-1 ane roads , and  nu1 t i  -1 ane roadways d i  v i  ded 

in one or b o t h  directions. 

These were dead 

Site Selection 

A .  

inventory of a l l  roads in the s ta te .  

computer printouts available describing each segment. 

as nunber o f  lanes, width a n d  type o f  median, county, p a r k i n g ,  and lane width 

i s  included in the description. 

characteristics o f  the road change (e .g . ,  shoulder width, pavement type, 

crossing a municipal boundary, e t c . ) .  

ically designated i f  the preceding one exceeds ten miles in length. 

Office - The New Jersey Department of Transportation maintains a n  

Each road  i s  divided into segments w i t h  

Such information 

A new segment i s  designated when certain 

In  addition, a new segment i s  automat- 

The road segments are grouped into two major collections. One comprises 

inters ta te ,  U . S . ,  s t a t e  and to l l  roads, start ing w i t h  the l o w e s t  number road 

( U . S .  1 )  and proceeding t o  the highest (N.J. 904).  This  was called the " s t a t e  . 

l i s t " .  Record nunbers were assigned t o  each segment, s tar t ing with one. 

second l i s t  i s  by county, the county roads being l i s t ed  f i r s t  i n  numerical 

sequence, followed by municipal roads a n d  s t reets .  

a re  assigned t o  each segment, start ing with number one in each county. 

The 

A s  before record numbers 

These two collections of road segments were used t o  make the i n i t i a l  

selection of s i tes .  Selection was accomplished by uti l iz in9 a computer program 

12 



which randomly chose between the county l i s t s  and the  s t a t e  l i s t ,  and then 

entered the  l i s t  and randomly chose a record nmber  f r o m  the  l i s t  se lected.  

I n  t h i s  manner a l i s t  of 400 segnents was randomly selected. F r o m  t h i s ,  180 

segments were obtained t o  provide 15 i n i t i a l  s i t e s  f o r  each of t h e  func t i ona l  

c l a s s i f i c a t i o n s  and t h e i r  sub-divisions. 

p r i n t o u t  are i n  Appendices B and C. There i s  a l so  an annotated example of the  

p r i n t o u t  i n  Appendix D. This ind icates the sequent ia l  manner i n  which t h e  

180 s i t e s  were selected. 

The program and an example o f  t h e  

The d e t e n i n a t i o n  o f  the funct ional  c l a s s i f i c a t i o n  o f  each segment was 

made using maps which have a l l  roads i n  the s ta te  color-coded by func t iona l  

c l a s s i f i c a t i o n .  

selected i n  sequence, and near ly  h a l f  o f  the segments were r e j e c t e d  imnediate ly  

f o r  f a i l u r e  t o  meet t h e  se lec t ion  c r i t e r i a .  

m o s t  comnon def ic iency  was t h a t  the segment was a dead-end s t r e e t ;  f o r  h ighwiys 

i t  was the  lack  o f  adequate shoulder width.  

the  :JJDOT s t r a i g h t  l i n e  diagrams were used t o  assess highway c h a r a c t e r i s t i c s ;  

fo r  county and l o c a l  roads, the road inventory  f i l e s  of t he  NJDOT Bureau o f  

Data Resources were used. 

B. 

were inspected fo r  compliance w i t h  a l l  se lec t ion  c r i t e r i a .  The inspec t ion  

was undertaken i n  the fo l low ing  manner: 

The charac ter is t i cs  o f  each segment were examined as i t  was 

I n  the  case of l o c a l  mads, t h e  

A s  a complement t o  t h e  p r i n t o u t s ,  

F i e l d  - A l l  t e n t a t i v e  s i t e s  no t  e l iminated dur ing the  previous o f f i c e  pnase 

1. An i t i n e r a r y  was made on tlonday o r  Fr iday for the work week. 

methods were used. I n  the f i r s t ,  s i t e s  which were i n  the  same 

general area were grouped together. 

could be inspected i n  one day. The second method consis ted of 

inspect ing s i t e s  a t  loca les near an a r t e r i a l  road, so t h a t  the 

Two 

I n  t h i s  way as many as e i g h t  

13 



more remote s i tes  could be reached easily, while the driving time 

t o  and  from such locations was n o t  wasted b u t  instead interspered 

with short side t r ips  t o  inspect other s i tes .  

Each s i t e  was examined thoroughly for  compliance w i t h  a l l  c r i t e r i a .  

Notes on acceptance or rejection were made a t  the time o f  inspection. 

Included were pertinent information on pa rk ing ,  t e r r a in ,  1 ine-of-sight, 

hazardous conditions, adequacy of t r a f f i c  volume, landmarks , and 

2 .  

3.  

nearby generators o f  h o t  and/col d s ta r t s .  

Usually s i t e s  other t h a n  those classified as Urban Principal Arterial 

in heavily travelled and congested areas h a d  t o  be rejected as  being unsafe 

because of inadequate space in which t o  set  up the t e s t  equipment. 

Compilation of Site Lists 

O f  the original 180 s i t e s ,  72 survived the selection process. A complete 

recheck of the functional classification of each was made. The s i t e s  were 

then l is ted by classification and by the category H, C, o r  0 ,  where pertinent. 

Within each subdivision (or classification) the s i t e s  were l i s t ed  i n  the 

sequence in which they were chosen from the original randomly numbered l i s t .  

In th is  way the f i r s t  five in each l i s t  could be selected without loss of 

randomness. 

on individual forms, one f o r  each s i te .  Appendix A contains the l i s t s  o f  the 

72 s i t e s  from which i ts  final selection was made, and the forms f o r  the final 

In  addition t o  this  1 isting , expanded f ie ld  notes were entered 

49 s i tes  on which the expanded f ie ld  notes were recorded. 

RESULTS AND DISCUSSIONS 

Stat is t ical  Results 

The f i r s t  result  of the s ta t i s t ica l  research was to eliminate the 

multinomial distribution as the one with w h i c h  t o  describe and analyze the 

14 



data. 

indicates that  for  more t h a n  two classes, the sample may be considered as 

only having two classes, specifically a i ,  the class of i n t e re s t ,  and a l l  

others. Furthermore, even t h o u g h  sampl i ng i s  without rep1 acement, the hyper- 

geometric distribution is again eliminated by the fact  t ha t  t h e  population is  

large i n  relation to the sample. 

population correction, which may be ignored i n  th is  case since the sample 

certainly does not exceed 5% of the population. 

In addition t o  the references previously indicated, 123 specif ical ly  

This reference also discusses the f i n i t e  

A second resul t  of the s ta t i s t ica l  research was t h e  d e t e n i n a t i w  "+ a 

sample size which would be feasible to obtain, theoretically sound, and would 

lend i t s e l f  t o  comparisons between s i tes  within a functional c lass i f ica t ion .  

I t  was indeed serendipitous t h a t  the projected sample size of 240 vehicles per 

s i t e  met these requirements. T h i s  relatively small sample size eliminated tne 

anticipated problems i n  choosing s i tes .  

t o  be selected so t h a t  varfations w i t h i n  classifications could be considered; i t  

allowed for  adequate alternate side of the road sampling; i t  allowed f o r  con- 

siderable f lex ib i l i ty  i n  t h a t  " h i g h "  and "low" volume s i t e s  could be selected; 

and  assuning adequate volume, i t  indicated t h a t  meaningful data could b e  

obtained even i f  f ive s i t e s  per category were n o t  available. 

I t  allowed fo r  a la rge  nunber of s i t e s  

The v a l i d i t y  of ear l ie r  calculations o f  sample s ize  is borne out by [2].  

By utilizing the information i n  Sections 4.1 through 4.4,  i t  can be seen t h a t  a 

f i r s t  approximation o f  n a t  p = .50, a t  a 95% confidence leve l ,  and limits 

of  - t .05 is equal t o  400. 

the method o f  [7]. 

limits are - + .063 u s i n g  the method o f  171. 

assume even for  a worst case, w i t h  a sampling rate only 1/3 of the previous 

estimate, that  the completely acceptable confidence limits of + - .05 would be 

This i s  i n  close agreement w i t h  the resu l t  using 

(See ( l ) ,  page 6 ). A l s o ,  for  n = 240, t he  confidence 

I t  i s  therefore reasonable t o  
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obtained for  each functional c lass i f icat ion o r  subdivision thereof.  

Lists o f  Sites  

A. Subdivision of Functional Classifications - As previously s ta ted ,  the 

selection of s i t e s  was made so t h a t  locations affected by generators would be 

included i n  the final l i s t  o f  s i t e s .  However, the or iqinal  plan t o  s e l e c t  60 

s i t e s  p l u s  12 alternates could n o t  be carried o u t ,  o r inar i ly  because o f  a lack 

of  time. 

apparent t h a t  there was an overabundance o f  Urban  Principal Ar te r ia l  and Urban 

Local s i t e s ,  while s i t e s  i n  the other f o u r  c lass i f ica t ions  were i n  r e l a t i v e l y  

short supply. 

l i s t  was reduced by about 252, b o t h  by the application of  the select ion c r i t e r i a  

a n d  by the rejection of the surplus s i t e s  in the Urban Principal Arter ia l  and 

Urban Local c lass i f tcat ions.  By the completion o f  The f i e l d  phase t h i s  l i s t  

was reduced t o  72. The f ina l  number of s i t e s  i n  each c l a s s i f i c a t i o n  and 

subdivision i s  given i n  Table 1 ,  below. 

TABLE 1 

Results of S i t e  Selection Process 

U R B A l  

In the course of compiling the i n i t i a l  l i s c  of 180 s i t e s ,  i t  was 

A t  the completion o f  the o f f i c e  ohase of s i t e  se lec t ion ,  the 

Principal 
Arteri a1 

H 8 

C 4 

0 8 

Mi nor Arteri a1 
and Col 1 ector 

3 

5 

2 

Local 

-- 

R U R A L  

-- H 

C 

0 8 

-- 
2 -- 
l o  

11 
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Of these 72 s i t e s ,  the f i r s t  f ive in each category were chosen as  sampling 

locations. Where five were n o t  available, al l  those i n  the category were used 

This yielded a total  of 49 s i t e s  for the twelve categories. 

In several instances the goal of f ive s i tes  plus one al ternate  f o r  

each classification o r  subdivision was n o t  met. A careful assessment of the 

factors involved i n  completing the partial l i s t s  indicated that  as m u s h  as  

another 15 working days might be needed t o  obtain enough s i t e s .  Because o f  

t h e  considerable delay already caused by bad weather and  unforseen internal 

problems, and because of the fact  t h a t  even a sample from two s i t e s  would 

yield d a t a  of value, i t  was decided n o t  t o  a t t e m p t  t o  make up any deficie- 

i n  the l i s t s .  

sample size of 240 vehicles per s i t e  would result in a large sample even fo r  

those classifications for  which only two s i tes  were chosen. 

- 
This decision was supported by the fact  t ha t  the projected 

Implicit in the subdivision of the functional c lass i f icat ions is the 

necessity of planning for  more time t o  complete the data collection under 

Phase I1 of the project. 

s i t e ,  f o r  a total  o f  216 assigned days, plus another 24 unassigned, f o r  

contingencies. However, under the subdivision of functional c lass i f icat ions,  

the f i r s t  f ive s i t e s  ( o r  available portion thereof) were chosen i n  each 

category, fo r  a total  o f  49.  

anticipated i s  294, plus another 48 for  contingencies which brings the total  to  

342.  A l s o ,  the original total  o f  240 had reduced by 8% the total  working days 

i n  the year. 

( a b o u t  17  months) would be required. 

Originally 6 working days were required f o r  each 

Therefore, the actual nunber of working days now 

Applying the same percentage t o  the new t o t a l ,  372 w o r k i n g  days 

I t  might now be well t o  consider a means of reducing the sampling time 

O f  course, any required t o  something closer t o  tne original twelve months. 
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of the categories may be a r b i t r a r i l y  dropped t o  achieve a reduction, b u t  the 

u r b a n  local and rural local roads could be deleted w i t h  the l e a s t  loss, f o r  

two reasons. 

with the possible exception of  some u r b a n  local s t r e e t s  d u r i n g  morning 

rush hour .  I t  i s  therefore possible t h a t  individual s i t e  samples might be 

too small t o  have meaningful confidence intervals ,  and t h a t  even the t o t a l  

for  each classif icat ion m i g h t  produce a n  unacceptably wide interval .  Second, 

very l i t t l e  a i r  pollution prediction i s  done fo r  local s t r e e t s  and roads, so  

any e f f o r t  t o  obtain data on h o t  a n d  cold s t a r t s  may be almost e n t i r e l y  wasted. 

I t  i s  therefore worthwhile considering the deletion of the t w o  local categories  

from the project. This would reduce the actual working days t o  246. W t h  

contingencies and the 8% increase used previously, the t o t a l  is 311 days, o r  

about 14.5 months. 

B.  Conditions Affecting S i t e  Selection - Certain conditions were necessar i ly  

accepted because of the inordinate consumption of time and/or extreme d i f f i c u l t y  

i n  overcoming them. For instance, i n  choosing s i t e s  having two o r  more lanes  

in each direction, i t  was obv ious  t h a t  i t  m i g h t  be d i f f i c u l t  o r  impossible t o  

sample vehicles t ravel l ing i n  the f a s t  lanes. 

b u t  when safety and the d i f f i c u l t y  i n  finding s i t e s  more completely s u i t a b l e  

are considered, the possible bias must be ignored. 

F i r s t ,  l i g h t  t o  very l igh t  t r a f f i c  i s  ant ic ipated f o r  both, 

This could bias the  sample, 

Another condition which  was not taken into account was the actual r a t i o s  . 

o f  H ,  C ,  a n d  0 s i t e s  within a functional c lass i f icat ion.  F i r s t  o f  a l l ,  any 

subclassification under a functional c lass i f ica t ion ,  no matter how c a r e f u l l y  

contrived, is a matter o f  judgement. Therefore, ass igning r a t i o s  is one step 

further removed from a factual analysis. Second, there i s  R O  indication t h a t  

the H, C ,  and 0 s i t e s  are  in any way dependent, so preserving the r a t i o s ,  

18 



even i f  known, would be o f  doubtful  value. Third,  any "na tura l "  r a t i o  

would probably be destroyed by the  app l ica t ion  of the se lec t i on  c r i t e r i a .  

Therefore no at tempt was made t o  develop o r  maintain any r a t i o s  dur ing s i t e  

se lect ion.  

A t h i r d  cond i t ion  a f f e c t i n g  s i t e  se lec t ion  resu l ted  f r o m  the  combined 

attempt t o  preserve randomness wh i l e  apply ing the se lec t ion  c r i t e r i a .  The 

basic r u l e  was t h a t  any segment must be chosen as a r e s u l t  of i t s  appearing i n  

sequence on the  random number p r i n tou t .  

i n  the  segment, bu t  could no t  be i n  e i t h e r  o f  the adjacent segments. 

t h i s  assured randomness, i t  also prolonged the s i t e  se lec t i on  process. 

Unfortunately,  i t  was n o t  apparent t h a t  t h i s  was the  case u n t i l  w e l l  i n t o  t b c  

f i e l d  se lec t ion  process. 

fo l low ing  steps would have shortened the process i n  the o f f i c e  and i n  the  

f i e l d ,  w i t h  no loss o f  randomness. 

The s i t e  i t s e l f  could be anywhere 

Whi le 

A t  t ha t  t i m e  a reconsiderat ion showed t h a t  t h e  

1. Enter t he  appropr iate l i s t i n g  using the record number l i s t e d  

randomly, as before. 

I f  the segment meets the c r i t e r i a  i n  the o f f i c e ,  r e t a i n  i t  f o r  

f i e l d  inspect ion.  

If  i t  does not,  choose randomly from the two adjacent segments, 

i f  they e x i s t  (o r  one, i f  there are no t  two). 

Proceed as i n  Step 2 .  

I f  there are no adjacent segments, proceed t o  the  next 

record number and cont inue as i n  Step 2. 

t4ake a f i e l d  inspect ion o f  a l l  segments selected above and 

r e t a i n  those conta in ing sa t i s fac to ry  s i t e s .  

2 .  

3. 

4.  

5. 

6. 

7. For segments no t  conta in ing usable s i t e s ,  proceed as  i n  

Step 3 and Step 5, and r e t a i n  any sa t i s fac to ry  s i t es .  
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I t  i s  assumed t h a t  any adjacent segments selected would be i n  the same 

category as the or iginal .  

This simple procedure wou ld  cer ta inly make f o r  a more e f f i c i e n t  s i t e  

selection process. 

be needed, i n  order t o  m a i n t a i n  uniformity i n  carrying o u t  the f i e l d  

inspection and selection. 

However, i t  was n 3 t  introduced even when i t  was found t o  
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APPENDIX P. 

SITE LISTS 

This appendix consists o f  two aar t s .  

functional c lass i f ica t ion ,  o f  the 72  s i t e s  v:hich remained as possible  data 

collection locations a f t e r  a l l  of the selection c r i t e r i a  were a p p l i e d .  The  

second Dortion of the appendix consists o f  the individual forns f o r  each 

s i t e  f i n a l l y  selected,  which contain tqe exoandea f i e l d  notes. 

The f i r s t  is a l i s t i n g  by 

The column headings for the f i r s t  portion o f  the appendix a r e  as  follows: 

No. - This i s  the number signifying the sewence i n  which the 

s i t e  was originally selected for  examination. 

are  missing indicate t h a t  the s i t e  was eliminated t h r o u g h  

application o f  the selection c r i t e r i a .  The numbers a r e  i n  

sequence within the subclassifications 0 ,  C ,  and H ,  i n  

order t o  maintain the sriginal randomness of t h e i r  appearance 

in the l i s t .  

Numbers which 

Record No. - This i s  the punchcard number on which a l l  o f  t h e  

inventory d a t a  for t h e  particular segment of road i s  recorded. 

Road - The route number o r  s t r e e t  name. 

Muncipality - The actual municipality i s  l i s t e d ,  r a t h e r  t h a n  the 

local name of the particular area i n  w h i c h  the s i t e  i s  located. 

County - Self-explanatory 

Subclassification - H:  h o t  s t a r t s  predominately C :  Cold S t a r t s  

predominately; 0:  neither 

The coding used a t  the t o p  of each of  the individual forms i n  the second 

portion o f  the appendix i s  as follows: 
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Si te  No, - This i s  a bookkeeping number which indicates the sequence 

in which the final 49 s i t e s  were selected. 

B.I.S. Site No. - B. 1. 5. i s  an abbreviation f o r  the 6ureau o f  

Instrumentat on Services, which carried o u t  the s i t e  selection. 

The numbers mmediately following the colon are  the same as  

the items No and  Record !.lo. explained above. The l e t t e r  

designations indicate the functional c lass i f icat ion of the 

particular s i t e ,  as explained below. 

RL - Rural local 

RMA & C - Rural minor a r te r ia l  and collector 

RPA - Rural principal ar ter ia l  

UL - Urban Local 

UMA & C - Urban minor ar ter ia l  and  collector 

UPA - Urban principal ar ter ia l  
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SITE LIST BY FUtlCTICI!.IFL CLrSS!FICATIO!l OF R@ADi*lr!Y 

l io . 

30. 

48. 

87. 

1. 

6. 

12. 

24A-1. 

24C. 

65A. 

77A. 

78. 

85A. 

110. 

120. 

14. 

2 1 A .  

23A 

24A. 

2SB. 

2dD. 

88A. 

Decord [lo. 

2705 

367 

1700 

31 75 

4665 

229 6 

5348 

1118 

3608 

4251 

5098 

3867 

408 

5110 

5704 

4445 

2045 

2574 

171 

3223 

31 99 

Rl!?F.I L?%L 
Sub- 

- Road ''3;qi c i  nal itil - Cc.untv Classi f i c a t !  

S t u a r t  Rd. Pr ince ton  Two. Ilerccr - 
Ervey Road A;  1 a-uchy Gla r r e n - 
Wood Drive h i o n  Twp. Hun terdon - 

RL'RAL PIMOR A R T E " I R  A'!!) CPLLECTPD 

R t .  47 "iddle TWD. Cape !'ay 0 

U.S. 130 S o g t n  Eruns\!i cis f!? d d l  esex 0 

R t .  34 Cc:ts t,!eck !tonno u t  h 0 

U.S. 206 Brancnvi 11 e Sussex c) 

R t .  18 Ccl t s  !4eci: tlonno u t h 0 

R t .  70 Southhamton TwD. Burlington 0 

R t .  94 Fredon Twp. Sussex 0 

U.S. 206 Harmon t o n  A t l a n t i c  0 

R t .  77 Harri son Twp. Gloucester 0 

R t .  535 

U.S. 206 

U.S. 322 

U.S. 130 

Federal City Rd. 

R t .  37 

R t .  526 

R t .  47 

R t .  47 

Solrth Brunswi ci: 

Sharnong Twp. 

Looan Twp. 

Looan Twp. 

Hooewel 1 Twp. 

Lake h u r  s t 

Up3er Freehold T w .  

FrEnkl i n  Twn. 

'.lauri ce River T F ~ .  

Mi ddl  esex 

Eur 1 i ngion  

GI oucester 

G1 ouces t e r  

Mercer 

Ocean 

Yonnou t h 

Gloucester 

Curher1  and  



120B. 

120c. 

78A. 

98A. 

1 .  

7. 

8. 

9. 

10. 

12. 

13. 

14. 

2 .  

3. 

7. 

11. 

17. 

19. 

21. 

22 .  

31 79 

2683 

2677 

2085 

2207 

5666 

1565 

5 97 

4983 

21 07 

1324 

2 934 

21 70 

11 736 

6088 

980 

5501 

2 343 

2051 

6260 

No. Record No. - 
120A-1. 5754 

RURAL MINOR ARTERIAL A!lD COLLECTOR (cont .  ) 

- Road Municipal i t y  County 

U.S .  322 Eonroe Twp. G1 ouces ter  

R t .  47 Viddle Twp. Cape May 

U.S. 40 P i  1 esgrove Twp. Sal ern 

U.S. 40 P i  1 esgrove Twp. Salem 

R t .  31 Rari tan Twp. Hunterdon 

RURAL PRINCIPAL ARTERIAL 

R t .  33 ISi 11 stone 

1-295 

R t .  23 \:'est F l i  1 ford  

U.S. 9 !janal apan 

U.S.  202 West Amwell 

R t .  31 C 1  i n t o n  Twp. 

U.S .  22 Clinton Twp. 

U.S. 46 White TWO. 

Spri ngf i el d Twp. 

Yonmou t h  

Burl ington  

P a s s a i c  

Ronmo u t h 

Hunterdon 

Hunterdon 

Hunterdon 

Warren 

URBAN LOCAL 

Rol l ing Lane Cherry Hill Camden 

Frederick S t .  Nal dwick Bergen 

So. Essex Ave. Orange Essex 

Arch S t .  Gutler klorri s 

I Ion t i ce l l  o Ave . !iewa rk 

33rd S t .  Union City Hudson 

52nd St. Sea I s l e  Ci ty  Cape !.lay 

Borig Ave. Lodi  5ergen 

Essex 

Sub- 
C l a s s i f i c a t i  

C 

C 

C 

H 

H 

- 
- 
- 
- 
- 
- 
- 
- 
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‘40 . 
54. 

04P. 

- 

18. 

18A. 

100. 

116. 

117 

17A. 

18B. 

117A 

1. 

8. 

1 1 A .  

11B. 

12A. 

28. 

30. 

34A. 

3. 

10. 

13. 

15. 

Record !io. 

91 7 

341 9 

952 

321 3 

293 

41 95 

21 72 

3283 

3669 

3273 

1665 

5543 

151 

4061 

3770 

51 42 

5599 

52 97 

3073 

2023 

2443 

1297 

URBAN FlII4OR ARTEPIAL A N D  COLLECTOR 

Road 

Railroad Ave. . Jersey City 

Muni c i  p a l  i t y  - 

R t .  53 Parsippany- 
Troy H i l l s  

Cal i fornia  Pve. At lan t ic  C i t y  

R t .  47 P i  1 1 v i 1 1 e 

Reservoi r Dr + ‘lontcl a i  r 

R t .  91 !lev/ Brunswi ck 

Conan t S t .  t!i 11 s i d e  

R t .  48 Carney’s P t .  

R t .  71 Sea Girt 

R t .  47 Deptford 

URBAN PP,! tKI PAL ARTERIAL 

R t .  24 Summit 

1-287 Hanover Twp. 

Co. 603 Passaic 

1-80 Denvi 11 e 

R t .  73 Waterf ord Twp. 

U.S. 130 Pennsauken 

1-295 Paul sboro 

R t .  206 Stannope Twp. 

U.S. 46 Totowa 

R t .  38 Cherry H i l l  

R t .  35 ?iddl etown 

U.S. 22 Lopa tcona Two. 

Sub 
county 

Hudson 0 

C1 a s s  i f i c a t  i o  

Florri s 0 

A t 1  a n t i c  

Cunberl and 

Essex 

t‘iddl esex 

Union 

Sal ern 

%nmo u t h 

GI ouccs t e r  

Un ion 

t lorri  s 

Passa ic  

P40rr i s 

Camden 

Canden 

GI ouces t e r  

Sussex 

Passaic 

Candcn 

‘?oninouth 

Ilarren 

H 

H 

H 

H 

H 

ti 
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No. 

19. 

24. 

27. 

34 * 

12B. 

16. 

20. 

25 

- Record No. 

1838 

620 

41 49 

5855 

4028 

1216 

5644 

2357 

URBAN PRINCIPAL ARTERIAL ( c o n t . )  

- Road Hunicipal i t y  

R t .  28 Scotch P l a i n s  

U . S .  9 Sayrevi 11 e 

R t .  82 Union Twp. 

R t .  440 J e r s e y  Ci ty  

Grove S t .  Haddonfi el d 

R t .  2OF Paterson 

1-295 Cherry Hill 

R t .  35 Man to1 o k i ng 

County 

Union 

Middl esex 

Union 

Hudson 

Camden 

P a s s a i  c 

Camden 

Ocean 

Sub- 
C 1  ass  i f i c a t i  c 

0 

0 

0 

0 

C 

C 

C 
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SITE DESCFIPTIONS 

SITE YO.  5 

E . I . S .  S i te  No. :  30. 2705 R L  

Location Descrintion - S t u a r t  ? o a d ,  5et;:een The Great Road and Cherr:! Hill 

Road. !!arrow, and  h i l l y ,  b u t  l i n e  oc s ' a k t  adeouate i n  spots .  Can use berm 

for  parking a t  certain locations. !!c shoulders. L i o k t  t o  very l i g h t  t r a f f i c .  

SITE NO.  11 

B. I .S .  S i te  No.: 48. 367 RL 

Location Description - Ervey Doad, ~ P ~ \ ~ P P I :  quakerchurch "oad and county l i n e  

Is and  curves, \ l i t b  n c  bern or shouider. 

ng one lane fo r  o a r k i n a  s h o u l d  n o t  cause a problem. 

Probably l i g h t  (1 .26  miles).  Hi 

t r a f f i c ,  so block 

SITE NO. 17 

B.I.S. S i t e  No.: 87. 1700 RL 

Location Description - Wood Drive, betpeen R t .  570 and Cooks Cross Road. Fam- 

l a n d ,  w i t h  a few new houses. 

usable as  a s i t e .  

Probably l i g h t  t r a f f i c  a t  any time. Narrow, b u t  

Road i s  only a few hundred yards l o n g .  

SITE FIO. 1 

B.I.S. S i t e  No.: 1 3175 R t t A  & C 

Location Description - R t .  47 ,  between 1.55 and  1 .76 .  

o f  bridge into Wildwood. 

two Riles west i s  a b o u t  80% develowd ccnnercially. 

On causeway, just  west 

Many businesses adjacent t o  causeway. Area one o r  
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SITE NO. 7 

B.I.S. Site  No.: 6. 4665 RMA & C 

Location Descr ip t ion  - U.S. 130, between 76.22 and 78.60. 

businesses i n  a r e a .  About 5% developed. 

A few small  

SITE No. 13 

B.I.S. S i t e  No.: 12.  2296 RP-4 & C 

Location Descr ip t ion  - R t .  34,  betkjeen 10.56 and 11.76. Top of h i l l  i s  b e s t  

spot .  Excellent l i n e  of s i g h t  and oark ina .  Almost no development i n  a r e a .  

SITE NO. 19 

B . I . S .  S i te  No.: 24A-1 5348 RI.1A 8 C 

Location Descr ip t ion  - U.S. 29C, between 117.07 and 117.34. 

l i m i t e d ,  b u t  l i n e  of s i g h t  i s  good. 

Parking i s  

SITE NO. 24 

B.I.S.  S i te  No.: 24C. 1118 R f V  8 C 

Location Descr ip t ion  - R t .  18F, b e t w e n  10.28 and 21.92. 

No commercial development i n  a r e a ,  exceDt about 10;; on R t .  34. 

adequate  throughout .  

Near Rt. 34 i n t e r c h a n s e .  

Parking 

SITE NO. 29 

B.I.S. S i t e  No.: 1 4 .  5704 RYb E C 

Location Descr ip t ion  - U.S. 322, bet+eeq 2.19 and 2.21. 

t o  Comnadore Barry Bridge. Can use 7erc  on OotCl s i d e s  o f  road. S i t e  is  

just  o u t s i d e  o f  Bridgepor t ,  b u t  def i  q i t e l y  r u r s l  . 

Just  b e f o r e  approach 
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S I T E  NC.  32 

B.I .S .  S i te  No.: 21A. 4445 Rt1A 8 C 

Location Description - U.S. 130; between 11.71 and 12.16. S t a r t s  just 

r.!,S. 322. P a r k i n g  

a i  . T)T: outsk i r t s  of 

south o f  bridge and  includes 

and  l ine of sight good. Sma 

Bridgeport . 

SITE NO. 35 

p a r t  o f  intersection w i t h  

I businesses and  resident 

B.I.S. S i t e  No.: 23A. 2045 RbiA & C 

Location Description - Federal City Q o a d ,  between R t .  540 and Ewinaville Rd. 

Usable a t  locations between R t .  546 a n d  1-295 o n l y .  

over rema nder of segment. 

toward R t  546. 

‘luch too narrow t o  use 

Urban changing t o  suburban and r u r a l ,  proceeding 

SITE NO, 38 

B . I . S .  S i t e  No.: 24A 2574 !?MA & C 

Location Description - R t .  37, between 31.74 and 31.79. Almost a t  R t .  70 c i r c l e .  

Two small berm areas plus shoulders give adequate parking. 

SITE N O .  41 

B.I .S.  S i te  No.: 24B 171 RFiA & C 

Location Description - R t .  526, between Lakeview Drive and ra i l road  tracks.  

Adequate parking on berms or comnercial driveways and  l o t s .  

permission from owners. 

Ya!; have t o  uet 

Line o f  sight  very good. 

SITE NO, 44 

B . I . S .  S i te  No.: 78A. 2677 RHA Pt C 
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Location Description - U . S .  40, between 7.60 and 10.05. 

west of s t a t e  police barracks, b u t  no good elsewhere. 

Rural; residential  , farms, small businesses. About 3 miles from CBD o f  

Woodstown. 

Parking good j u s t  

Line o f  s i g h t  good. 

SITE NO. 46 

B.I.S. Site No.: 98A. 2085 RNA & C 

Location Description - R t .  31, between 19.85 a n d  20.65. South half o f  segment 

i s  rural , north half about 90% developed commercially. !.lany small businesses , 

and two shopping centers.  Shoulders usable throughout, and berm i n  some spots.  

SITE NO.  6 

B.I.S. S i t e  No.: 1 .  2207 RPA 

Location Description - Route 33, between 19.46 a n d  20.08. 

opposite Millstone Flea Market. Excellent l ine of s igh t ,  and excel lent  parl:iTc 

on shoulder and berm. 

Approximately 

About 30% developed resident ia l ly  and commercially, 

. b u t  def ini te ly  rura l .  

SITE NO. 1 2  

B.I.S. S i t e  No,: 7. 5666 RPA 

Location Description - 1-295, 49.24 t o  49.96. Typical i n t e r s t a t e  w i t h  wide 

shoulders, generally usable berm, and  excellent l ine  of s i g h t .  

between interchanges f o r  M t .  Holly and Columbus, ahout f ive miles a p a r t .  

Completely rural. 

About halfway 

SITE !Kl. 18 

B.I .S .  S i te  No.: 8. 1565 QPA 

Location Description - R t .  2 3 ,  between 23.20 a n d  23 .96 .  Hills  and curves, but 
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o a r k i n g  and  l ine  of s ight  good. 

heavily developed commercial areas a fw  rniles east .  

Rurzl, v!ith some small businesses, and 

SITE 1.10. 23 

E . I . S .  S i te  No.: 9. 597 RPF. 

Location Description - U.S. 9 ,  between 1 1 7 . 6 7  a n d  119.22. Line of  s iqh t  very 

good a n d  oarking on shoulders t h r o u v y o i ' t  sqmerlt. Listed as r u r a l ,  b u t  a t  

l eas t  8% developed commercially, v!iTkI ~ a r . : ~  srali bus'cesses, and  a s5opp ina  

mall one n i l e  south of s i t e .  

SITE fK!. 28 

B.I.S. S i t e  No.: 10. 4983 RPF, 

Location Description - U.S. 202, beti:eer! C.79 an6 9.33. Less t h a n  one n i l e  

from R t .  29 interchange. Rural, b u t  atout  1 - 2  --tiles fror Larnbertville. 

SITE NO. 4 

B.I.S. S i t e  No.: 2 .  2170 UL 

Location Description - Rollin? Lane, between Country Club Drive and Gatewood 

Road. 'loderate t r a f f i c  

estimated f o r  rush hour, and l i g h t  t o  very l igh t  d u r i n g  r e s t  o f  day. 

LJide, s t ra ight  road i n  a large housing development. 

SITE NO.  10 

B.I.S. Si te  No.: 3.  11736 U L  

Location Description - Frederick St., betr.:een Franklin T p k .  and Harrison 

Avenue. Side road from Franklin T p k .  an t  CBD t o  RR s ta t ion .  

SITE !lo. 16 

B.I.S. Si te  No.: 7. 6088 IJL 
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Location Description - South Essex Ave., between Central and Jackson and 

1-280. Adjacent t o  CBD. Hospital a t  n o r t h  end of segment. Most parking 

places will be f i l l e d  d u r i n g  the day. Area congested. 

SITE NO. 22 

B.I.S. S t e  No.: 11. 980 UL 

Location Description - Arch St ree t  and East Arch St ree t ,  between Marning and 

Main. 

moderate t r a f f i c .  Parking i s  good. 

W de residential  s t r e e t ,  adjacent t o  CED.  Appears t o  have 72Sht t o  

SITE NO. 27 

B.I.S. S i t e  No.: 17. 5501 UL 

Location Description - Monticello Ave., between 1:arian and South Orange. 

way South Orange, w i t h  stop sign a t  exi t .  

L i g h t  t r a f f i c  d u r i n g  off-peak hours .  

o f  lack of t r a f f i c .  

One 

Residential area adjacent t o  CBD. 

S i t e  may be of doubtful value because 

SITE F40. 3 

B.I.S. S i t e  No.: 64. 917 UM4 & C 

Location Description - Railroad Fve., between Henderson and Hudson. 

t o  Exchange Place PATH Station. 

d u r i n g  business hours: 

Pdjacent 

Very wide with pa rk ina  both s ides ,  f i l l e d  

offices , warehouses, high-rise apartments. 

SITE NO. 9 

B.I.S. S i t e  No.: 64A. 3419 Uf’A L C 

Location Description - R t .  53, between 1 . 5 5  and 1 .65 .  

Primarily residential  w i t h  a fevi s m l l  businesses. 

adeq3ate and  l ine  of s i g h t  good. 

commercial development on R t .  10. 

A t  Route 10 interchange. 

F a r k i n g  r e s t r i c t e d  b u t  

FSout two miles from Denville CBD and  near 
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S I T E  !in. 15 

E.I.S. S i t e  No,: 18. 952 UYP & C 

Loca t ion  Description - California 4ve., betlveen Artic and  Fairmount Ave. One 

way side s t r e e t  w i t h  small businesses. One block from CBD. Parking places 

are conoletely f i l l e d  d u r i n g  the business dav .  Comnletely urbanized. 

SITE NO. 21 

B . I . S .  S i t e  No.: 18A. 3213 UIIA R C 

Location Description - R t .  4 7 ,  between 41.23 and  41.70, \Glide, b u t  no shoulders 

delineated. Small businesses and bottled gas f a c i l i t y ,  w i t h  residences nearby. 

C B C  w i t h i n  one mile. 

SITE f40. 26 

B.I .S.  S i t e  No.: 100. 293 UF!I! 8 C 

Location Description - Reservoir Drive (Co. 618), between Valley Road and 

Corporate l i n e  (near Highland Ave.). No shoulders b u t  wide enough f o r  parking. 

Hilly, b u t  l i n e  o f  sight  acceptable. T h i s  s i t e  i s  somewhat doubtful because o f  

possible safety problems. Residential ; about one mile from CBD.  

B.I.S. S i t e  No,: 116. 4195 UMA & C 

Location Description - R t .  91 , between 1.31 and 2.31. Small factories and ware- ; 

houses on both sides.  

of p a r k i n g  l o t s .  

t o  heavy t r a f f i c  expected. 

Fully developed industr ia l ly .  P a r k i n g  on berm or  edge 

May have t o  get permission from property owners. Moderate 

SITE NO. 34 

13.1,s. S i t e  No.: 117. 2172 UI.:A & C 
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Location Description - Conant S t . ,  between Valley View a n d  Fairview. 

area some distance from C B D ' s .  

shoulders, b u t  wide enough f o r  p a r k i n g .  

Residential 

Moderate t o  heavy t r a f f i c  d u r i n g  day. 

Line of s ioht  good. 

No 

SITE NO. 37 

B.I.S. S i t e  No.: 17A 3283 UMA, 21 C 

Location Description - R t .  48, between .32 and .35. \slide s t r e e t  in residential  

and  small business area. Local h i g h  school nearby on R t .  48. Line o f  sight  

excel 1 ent , p a r k i n g  very good. 

SITE NQ 40 

B.I .S .  S i t e  No.: 188 3669 UPlA & C 

Location Description - R t .  71, between 2.34 and  2.53. 

good a n d  shoulders a re  adequate for parkin?. 

w i t h  homes and some businesses on cross-s t reets .  

Line o f  sight is  very 

About 95% developed commercially, 

S I T E  NO. 43 

B.I.S. S i t e  No.: 117A. 3273 IrYA & 

Location Description - R t .  47, between 

Gaudio's Garden Center along segment. 

C 

71.98 and 72 .23 .  Small businesses and a 

About 75% developed comercially.  Parking 

on shoulders i s  barely adequate. Urban, changing t o  rural w i t h i n  a mile or two. 

SITE N O .  2 

B.I.S. S i t e  No.: 1 1665 UPA 

Location Description - R t .  2 4 ,  between 52.81 a n d  52.94. Fully developed 

resident ia l ly  and  commercially. 

interchanges t o  mall and major roads. liearby parkin? on shoulders. 

Short Hil ls  h!all i s  adjacent t o  s i t e ,  w i t h  
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SITE 110. 8 

B.I.S. S i t e  No.: 8. 5543 UPA 

Loca t ion  g e s c r i p t i o n  - 1-287, between 20.40 and 39.47. 

Year shopFing and businesses on R t .  10. 

A t  R t .  10 in te rchange .  

SITE t4O. 14  

B.I.S. S i t e  No.: 11A. 151 [IPA 

Loca t ion  D e s c r i p t i o n  - Co. 603. (Passa'c r v e . )  , between Terhune and Brook. 

No shoulders,  b u t  wide enough f o r  park iqo.  

near businesses i n  va r ious  m u n i c i p a l i t ' e s .  

F u l l y  deve?oued r e s i d e n t i a l l y ,  b u t  

Pbout a a u a r t e r - n i l e  f r o m  R t .  3.  

SITE NO. 20 

B.I.S. S i t e  No.: 11B. 4061 UPA 

Loca t ion  D e s c r i p t i o n  - 1-80, between 4C.2& and 40.30. 

good. 

F i l l y  b u t  l i n e  o f  s i g h t  

L i s t e d  as urban, b u t  d e f i n i t e l y  r u r a l  alon? highway. 

SITE NO. 25 

B.I.S. S i t e  No.: 12A. 3770 UPA 

Loca t ion  D e s c r i p t i o n  - R t .  73, between 15.30 and '15.78. 

Only c e r t a i n  areas a re  s u i t a b l e  f o r  park ina.  

A t  U.S. 30 interchange. 

L i s t e d  as UPA b u t  n o s t l y  r u r a l .  

SITE NO. 30 

B.I.S. S i t e  No.: 3. 3073 UPA 

Loca t ion  D e s c r i p t i o n  - U.S. 46, between 57.81 and 57.95. 

bo th  EB and WB, and requires ca re fu l  p o s i t i o n i n g .  Veets 

standards. L i n e  of s i g h t  good. Heavy t r a f f i c  day and R 

P a r k i n g  a r e a  i s  s h o r t  

minimum safety 

gh t .  

SITE NO. 33 

B.1.S S i t e  No.: 11. 2623 UP/! 
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Location Description - R t .  38, between 3.96 and 3.98, a t  c i r c l e .  

res t r ic ted  t o  one area,  j u s t  eas t  of  c i rc le .  Area i s  completely urbanized, 

with businesses, shopping centers a n d  residential  areas f o r  a t  l e a s t  a two- 

P a r k i n g  

mile radius .  

SITE NO. 36 

B.I.S. S i t e  No.: 

Location Descript 

commercially w i t h  

SITE NO. 39 

B.I.S. Site No.: 

13. 2443 UPA 

on - R t .  35, between 34.65 a n d  36.71. Fully deve 

small businesses, shopping centers and homes i n  a 

15 1297 UPA 

oped 

5-mile radius.  

Location Description - U.S. 2 2 ,  betv:een 2.25 and 3.21. Curves and h i ? l s ,  b u t  

l ine  o f  s i g h t  very good. Vide shoulders f o r  p a r k i n g .  Listed as  u r b a n ,  b u t  

rural i n  area of s i t e .  About 257; developed commercially w i t h  small businesses. 

SITE NO. 42 

B.I.S. S i t e  No.: 19. 1838 UPP 

Location Description - R t .  28, between 18.50 a n d  18.84. Conpletely urbanized, 

with homes and small businesses. Scotch Plains CBD about 1 mile away w i t h  

other CBD's ten t o  f i f teen  minutes away. Line of s i g h t  good, but parking 

sone\.rhat 1 imi ted. 

SITE NO. 45 

6.1 .S .  S i t e  140. 12B. 4028 

Location Description - Grove t . ,  between the stream a n d  Redwood ,Je. Residential 

w i t h  s m l l  businesses and  scbocl ( s ) .  Fhout  one mile frow C63. T h i s  i s  a wide 

c i ty  s t r e e t  w i t h  no shoulders, b u t  adeauate snace f o r  parking. Hil ly ,  b u t  l ine  

o f  s iaht  i s  good. Moderate t o  heavy t r a f f i c  r i t h  delays can be expected. 
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SITE NO. 46 

B.I.S. S i te  No. :  98A. 2085 RMA&C 

Location Descr ip t ion  - R t .  31, between 19.85 and 20.65. 

segment i s  r u r a l ,  nor th  half  about 93% developed comnerc ia l ly .  Many 

small businesses, and two shopping centers. Shoulders  usable th roughout ,  

South h a l f  of 

and berm i n  some s p o t s .  

SITE NO. 47 

6 . 1 , s .  Si te  140.: 16. 21 6 I PA 

Location Descr ip t ion  - R t .  20 F., between 1.69 and 1.78. 

o f  s i g h t  and parking very good. 

A t  underpass.  LLine 

SITE NO. 4 8  

B.I.S. S i t e  No.: 20. 5644 UPA 

Location Descr ip t ion  - 1-295, between 32.12 and 32.40. A t  the R t .  561 inter- 

change. Parking r e s t r i c t e d ,  b u t  adequate.  

SITE NO. 49 

B.I.S. S i t e  No.: 25. 2357 UPA 

Location Descr ip t ion  - R t .  35, between 9.09 and 9.12. 

s e c t i o n .  

businesses. 

A t  t h e  end o f  two lane 

Fully developed; 95% homes, 5% small  E x c e l l e n t  l i n e  of  s i g h t .  

Off-peak t r a f f i c  of ten  heavy during s m e r .  



APPENDIX 6 

Random Nunber Program 
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APPEADIX C 

Random : lmber  2 r i n t o u t  ( P a r t i a l )  

.5  

STATE 
C3 l J  fJ TY 
C 3  11i.ITY 

C3 1J t J  T Y 
STATE 
STATE 
COLJtJTY 
STATE 
STATE 
COUNTY 
STATE 
CO 1) ;J TY 
2TATE 
CO U IJT Y 
STATE 
ZTATE 
STATE 
STATE 
C O  l l ! J  T'I' 
STATE 
CI) L!N TY 

CJ l l i iTY 
STATE 
CDI!tJTY 
C i) 1 J !4 T Y 
COUNTY 
C 0 U r.I T Y 
STATE 

C 3  C! i 4  T'i' 

C 3 i 1 14 T Y 

3 1 7 5  
CAMDEFJ 
BERGEF; 
?E R G  E P i  
SUSSEX 

4 6 6 5  
1 6 5 5  

E S S E X  
2 8 8 8  
3 2 8 3  

ESSEX 
1 0 3  

:XI R E I s 
3 0 3 3  

'q13 E R I S 
3 0 7 3  
1 2 8 8  

2 2 3  6 
I4 3 N I 3 i I T :-I 

5 7 3 4  
ESZEX 
G L i) U C E S T E 2 
9E RGEF1 

2 4 7 2  
ESSEX 
. ITLANT I C 
HU 3 S 0 t4 
f ? l  DDLESEY 

7 3 6  

5 4 3 0  

2 3 7 7  

40 



APPENDIX D 

A n n o t a t e d  Random N u n b e r  P r i n t o u t  ( P a r t i a l  

EXECUT 1 DIJ SEG I ; I S . ,  . 

30 1 2 3 4 5 6 7  

3 1 7 5  
c a t.1 E N L L  7171 

3 E R G E N  J P I . 2  - DEAD EI'.(D 
;I! 5 s EX 6t- 2 - DEAD El4U 

3 E R C ; E N  1 1 7 3 6  

4 6 6 5  
1 C 6 5  

2 8 2 t  - NO SHOUL9ER 
3 2 8 3  

E S S E X  Er:; 

E S Z E X  4 7 3 7  - ?U:4 DOI*!l: RESIDErdTIAL, 0:IE BLOCK,  TERllI;.IATEa Z'f 

:'32R I s ? z: - V E R Y  L I G I T  TRAFFIC; SMALL DEVELGFPIENT 

i13L:R I .C, T P r l  

19s - NO SHOULDE? - BRIDGE . RT. 78; ALMOST NO TRAFFIC  

3 0 3 3  - NO SHOULDER 
3 3 7 3  
1 2 8 s  - I40 SHOULDER 

E 3AD; VER' L G IT T F I  

- - ,  " I  ?nLF.;r.:.' -I,-., - SH3FT S I 3 E  ROAU 1:: DEVELOP'<E:!T; VERY L!GHT 
731; - PULASKI SKYI.IAY T ? A F F i  C 
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On the previous page the following abbreviations were used: 

UPA - Urban Principal Arterial 

UMA - Urban Minor Arterial 

UC - Urban Collector 

UL - Urban Local 

RIIA - Rural Minor Arterial 

RC - Rural Collector 

X - Failed t o  meet selection cr i ter ia  

UMA and UC are actually one functional classification (UMA AlJD C ) .  They 

were separated here merely t o  f ac i l i t a t e  the work: s in i l a r ly  w i t h  RMA and RC.  

EXAMPLE: Under the county l is t ing Camden 2170, Beruen 11736, Bergen 9812, 

Sussex 662, Essex 6088, etc. were examined fo r  compliance w i t h  selection c r i t e r i a  

using the N.J.D.O.T. road inventory f i l e s .  

were marked " X " ,  and the reason noted. 

the f ie ld ,  and the same procedure followed. 

s i t e s  were marked according t o  the appropriate functional c lass i f ica t ion ,  and 

notes were made separately concerning items o f  interest .  

Those fail ing t o  meet the c r i t e r i a  

The remaining segments were inspected i n  

The segments which contained usable 

In the case of classification U L ,  Camden 2170, Bergen 11736, Essex 5088, 

Morris 980, and Essex 5501 were chosen in t h a t  sequence as the five UL s i t e s .  

For the classification UN4 and C ( l i s ted  here as two separate c lass i f icat ions)  , 

the sub-divisions H ,  C ,  and 0 apply. Hence, State 3283 i s  the f i r s t  selection 

under H ,  while Atlantic 952 i s  the f i r s t  under  C. 
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. 
APPENDIX E 

Hot and Cold S t a r t  Definitions 

The following definitions are from Reference [8]. 

Hot Starts 

1. For a catalyst  - equipped vehicle which has had an engine-off period 

of less than one hour, the h o t  s ta r t  condition exists for  the f i r s t  

505 seconds of operation af ter  engine restarting. 

For a non-catalyst - equipped vehicle which has had an engine-off 

period o f  less  t h a n  four hours, the hot s t a d  condition eX;5CS fo r  

2. 

the f i r s t  505 seconds of operation a f t e r  engine restart ing.  

Cold Starts 

1 .  For a catalyst  - equipped vehicle which has had an engine-off period 

of a t  least  one hour, the cold start condition exists for  the f irst  

505 seconds of operation a f te r  engine restar t .  

For a non-catalyst - equipped vehicle which has had an engine-off 

time of a t  l eas t  four hours, the co ld  s t a r t  condition exists fo r  

2 .  

the f i r s t  505 seconds of operation a f te r  engine restar t .  
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