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PREFACH

A great deal of discussion recently hgs centered
on the ‘impact of late-model cars oﬁ.'tﬁe operation of
Michigan highways. 1In particular, some queétions afe
asked about the effect of the. general lowering of the
height of the newer cars. 1In recent years,‘ most new
lAmefiéan: auvtomobiles have Dbeen lower in height than
comparable models ~in  previous years. in ,addition,_
the increasing number of compact and Spoyfs model cars,
both foreign and domestic, has tended to decreasé the

average height of autos on the highways.

In view of this change, some of the questions most
asked have concerned the Michigan criteria for estabf'
lishing no-passing zones on its highways,. 'Spécifiéally
the quéstioné are fhese: Is the assumed drivér—eye
height of 4% feet +too high? Is the required maximum
sight distance of 1000 feet for marking- ﬁo—passing
ZOones foo short? If the answer to either :of these
dquestions is poéitive, than what values should he sﬁb—
stituted for the present_ones? Providing the answers

to these guestions is ths purpose of this study.




SYNOPSIS

The purpose of this report is fhe evaluation of
the Michigan criteria for marking no;pasSing.zones;r The
first éhaptef contains a review of tﬁe-critefia from'an
academic standpoint; 'thaf‘is, 'tﬁe effect of changes in
vehicle design and speeds. The sééphd chapter contains
f‘arreview of the effecﬁ in'the —field ofrvariouslchangas
in the criteria, and the third chapter contains the con-

clusions and recommendations for‘the"repoft.

Recommended for use in Michigan  is éonformanée to
national standards, with ‘slighf modifications. Also
' recbmmended is a repeat in 1967 of tﬁe aéademic investi—
gation and an attempt to dévelpp ‘a workable method of
locating no—passing zones in thel field, Thelfepeat
investigation can 'ré-evaiuateuthe .subsequent effecf'of
the dbﬁnward trend in vehicle heights ‘andrthe upward
trend in vehicle Speeds, whilé the development bf ah_
improvedrfield method will benefit both the motoring
public andrthe perséns resﬁonsible for establishiné1he-‘

zZones,

id



CHAPTER I

Criteria Review

A. Driver Eye Height

_1; Present Criterion |

The Michigan criteria for establishing no-passing zones -
presently prescribes an assumed driver'eye heighf of -

(1. . : |
i - 4% feet, This height was determined in 1939-40 and.

substantiasted in 14954,

2. Yehicle and Eye Height

The overall height of new automobiles has, in general,

(2

“*  &ince the end of

been decreasing since at least 1927.
World War II the periods of greatest de¢iine in aﬁto
height have been 1946-49 and 1956-60, - Since 1960, the

rate of this decline has lessened but the decline coh~
' (3.

tinues. This is shown in Table I.

TABLE 1

Overall Height of New Autos, 1959-62

Xéag . &verage‘Low‘ Average Average High
1959 © 55.3 in. 55.8 in. - 57.0 in}
1960 - 54.6 in. - 553.6 in. 55.7 in.
1961 54.5 in. ~ 55.2 in. 55,6 in.
1962 54.2 in. - 55.0 in.  55.2 4n.

These heights are based vpon a car carrying a load of

750 pounds.




According to K. A. Stonex of the General Motors
Proving Grounds, the decline in vehicle height will
probably cgntinue until an ultimate low of 55, or poSsibly
52 inches-is'reached;  Mr. D. W. Loutzenheiser and |
Mr. E. R, Harle, Jr., of the BureaurofrPublic Roads,
accept the 52-inch minimum and also ésfiﬁate that it will
not be reached until between 1972 and 1977‘(4;
| Expansion of the data iﬁ Table I indicates that the
52-inch minimum will be‘reached by 1971._ Although this
'expanéion is based upon 1imited:daté, it seems té qonfirm 
the 1972-77 prediction. | |

Stonex has also caicﬁlated the diffe?enqe between

- g qid

overall vehicle height 'and driver eye height.
this by relating the overall vehicle:heighf to an
acéumulation ofrfour elements COmprisinglthe driver eye
héight:' ground‘clearance of the car, car floér structure,
‘seat height under the driver's.weighf, and fhe seaféd
stature of the eye. The difference in overall vehicle

height and driver eye height he found to be a very nearly

constant 10 inches. If this 10-inch difference is

accepted, the average driver eye height for 1959 cars

is 45.8 inches, for 1960 is 45.6 inches, for 1961 is 45.2

inches, and for 1862 is 45.0 inches. | ‘
Professor Clyde E. Les, of the University of Texas,

used photographs to determine driver eye heighﬁs.(ﬁ' From

761 side view photographs of different passenger cars,

he concluded that the eye height of 85 per cent of all

drivers is greater than 3.95 feet, or 47.4 inches. Because




this study was conducted in 1959 and was based on 1933-59
vehicles, and because the average age of passenger

(6.

vehicles in this country is six yeanrs, this figure of
47.4 is probably the nost indicativelof the average driver
eye height today.

Table I does not include any dafa fér foreign'cars'
used in this country. Stonex has noted, hoWeﬁer; that
many of the foreign cars are actually higher than the
highest of the domestic cars;(7' A check of the 1959
fforeign cars, for instaﬁce, reveals an overall aﬁerage_
loaded height of 553.5 inches, which compares quité favdr—
ably with the 55.8 inch average height.foﬁnd:for American
cars that year. This indicates that no special tfegtment'
need be made for considering the effect of foreign

vehicles on driver eye height.

3. Conclusion

Ah'eye height of four feet wili satisfy requirements
for present day automobiles and. future avtomobiles for
years to come. This figure approximates the value found
by Professor Lee and also conforms to the eye height
standard now recommended nationally.

The rate of the decline in average bveralllheight_
and the resulting average eye height is decreasing ahd
as this condition prevails, the predicted ultimate low
eye height may not be reached even by 1972-1975. It,
however, is sound traffic engincering principle to review
standards and criteria neriodicalily and thus a re-svaluation

should be nerformad avound 1467,



B. BSight Distance -

1. DPresent Criteria

The Michigan criteria for establishing no-passing zones

. ' (1.
prescribes use of the following sight distances:

TABLE II

Required Sight Distancés
for Marking No-Passing Zones

Average Speed - Sight Distanceée
(miles per hour) (feet)

50 or greater 1000

45 | | | 900

40 | | 800

35 700

30 , 600

25 500

Where the sight distance is less than the appropriate
figure in Table II, a passing restfiction will be

required,

2, Basis Tor Presént Criteria

The sight distances for marking no-passing zones listed

in Table II are founded on the results of field studies.
made in 1945. No-passing zones based tpon a 4%_f00t

eye and object height and upon five different sight
distances were established on éeveral Michigan highways..
The distances betwesen adjacent wonss thus esfablished were
then measured to deternrine which sight distancé gave the

best balance between safety and restrictiveness.




The five sight distances to be tested were chosen
on the basis of data contained in  the Traffic Engineering
Handbook f " and upon Speed and accident stﬁdies_for the
area involved. The 10Q0~foof sight.distance seemed to
result in zones that were of the most reasonable 1eggth.

This was then adopted as the minimum sight distance for

marking no-passing zones required on two and three-lane

highways where the average speed is'50 miles per hour or
greater. The other values shown in Table II are based
upon data contained in a 1940 AASHO Manual.(lﬁ'

3. Discussion

The most important'factbrs affecfing”sighé distaﬁée on a
highway are its grade and-alignment, the-eye heigﬁt_df
motorists driving on it, and the SPGedsrof:vehicles_pSing?'
‘it;"The grade:and alignment of a highway,normally remain
static, but thé other factors can and do vary Considerabiy.

Since adoption of the values shown. in Table II, driver eye

heights have been decreasing as- shown in theApreceding

séction_and vehicle speeds have been increas‘ing.(11 Thus,

a review of these values seems in order.

The average speed of all traffic on rurai Michigan
highways was about 44 miles per hour in 1945. Adoption
of the iﬁOﬂwfoot sight distance based on a 50—mile-ﬁer-hour

average speed then served as an added safety factor. In

194%, however, the average speed of traffic was 52 miles:
per hour., In the following two years, it dipped below
5¢ miles per hotr, but in every year but one since then

has been over 50, As shown in Figure 1, the trend of
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this avefage speed has been slowly, but steadlly,‘upward o
since 1952, Although the 50-mile-per-hour standard could

probably be safely retained, assumptlon of an average_ |
speed of 55 miles per hour should bersafeifor mahy'yearéf'

to come.

Flgure II shows the relatlonshlps betweenrspeeds and S

(12.. :
sight distance requ1rements on twoflane roadways.. It

is based to a large extent upon the results of a field

study by C. W, Prisk of passing maneuvers made from 1938

- 13,
- to 1941.( From a study of some 3500 51mp1e passings

(one car passing one car) Prisk drew~the folIQW1ng
conclusions:

1. The average passing driver wants to travel .
~ approximately 10 mph faster than the vehicle
- he passes and about 6 mph faster than the
.average speed of all traffic,

2. The passing vehicle, on the ‘average, slows
- down before passing to within 5 mph of the
speed of the vehicle to be passed. :

3. The normal or, desired speeds of the passed
‘ and passing vehicles are approx1mately the .
same as their average speeds durlng the
passing. : -

4. There is no appr901ab1e change in the SPeed
of the passed vehicle during the passing

5, The average maximum speed attained by the
passing vehicle during the maneuver is 3 to
4 mph above its normal driving speed and
about 10 mph higher than the average for
all traffic on the highway.

Two additional assumptions were made to derive

Figure I1I. The first held that the average pass is begun

with a delayed start and completed with a hurried return



to the right lane. The other assuﬁption was that an
opposing vehicle, which appears in view as the péssing
vehicle‘pulls.abreast of the one to be passea, will be‘
traveling.ét the same speed as the passing vehicle;

The upper part of Figure II illustrates the four
elements of a passing maneuver, The-firﬁt-element; dl,A
includes the distance traveled during the'peréeption-and
reaction times and during. the acceleration to the poinﬁ
of encroaching on the left lane. The seqond element,‘dz; '_7'
:is-thé distance tfaveled while the-?assing vehicie is . |
in the left lane. The third element; d3, is the éleafénce
length; or the distance between aﬁ opposiﬁg vchitle and
the passing vehicle at the end of its méneﬂver. The
fourth element, d4, is the distance traveled by the opposing
vehicle during the passing maneuver. .

For highwa& design purposes, the minimum passing
sight distance must provide for all four elements of”the
passing maneuver. Fbr;restricting passing'on a highway,
however, distances dl and d2 should not be included in |
the reduired sight distance for ﬁarkihg ﬁofpaSSing zdnes.(lo
Until a vehicle is ready to complete its pass; it can, in
the face of an opposing vehicle, still return to the right
lane behind the vehicle‘to be passed, For marking‘né—paSSing
zones, then, only the sum of d3 and d4 is required for

sight distance.



The lower part df Figure II relates design and passing
speed to passing sight distance requirements for all four
parts of the passing maneuver. The uppér abécissa |
represents'the design speed; the loWér‘abscissa'thé avérage :
speed of a passing vehicle; the ordinate, the sigﬁt distance.
Adopting an expected average épéed_ﬁflSS miles per

hour and adding six miles per_hour:(from Prisk's observations),

the average speed of a passing vehicle on a two-lane
Michigan highway will bé 61 miles per hour. The required
sight distances d3 and d4 are then 325 feet and 700 feet
‘respectivély.. The total réquiféd‘siéht distance for marking
is, by this standard, 1025 feet;' ) |
Use of the design speed in Figure-II gives cénsiderably'
: different results. The design Speed-fof tﬁ0é1ane Michigaﬁ-

(14

trﬁnklines isrﬁd miles per hour. , Thé corresponding .
distances d3 and d4 are 275;feet and 592 feet'reSpectively.
The total of 867 feet is 158 feet less than thatrréqﬁired'
by the average passing'speed. |

The actual speeds near a no-passing zone may be more

nearly reflected by the design speed of a highway than:by'
the average,speed of‘vehicles uvsing it. The Speed-checks
~used for determining average speeds on Michigan’frunklinés
are taken on tangent sfretches of roadWay with no,signifiéant'
change in horizontal pr_verticél alignment for 1300 feet

in either direction. This means that, in the areas studied,
no actual limit is placed on the speed a driver can attain

if he has unrestricted freedom of movement.. Thé speeds

checked, then, probably match the highest attained_anywhere

on the roads under consideration,




The design speed of a highway, however, reflects fhe'
highest speéd which may be driven continuously if a driver
is to pursue his course comfortably éﬁd safely. In all
probability, the only places where he must drive as slow
as the design speed éré those where no;passing Zones are
required. Assuming that a majority bf'dfivers th qn1y'
nust, but do slow their vehicles when apﬁrqaching a hill
or curve caliling for a no-passing éone,.the design speed
is probably more indicative than thé.overall average speed 
of thé speeds driven near no-passing zdnés. |

To actually determine the speeds traveled by passing
vehicles near no;passing zones would requife a répeat of
Prisk's observations, which is a projectrobviously.beyond'
the scope of this study. |

| Sblitting.the difference befween the sight distance
" required by the‘average passing Speed and by the design
speed results in a total of 946 feet. Rounding-all three
totals gives results oﬁ 600, 950, and lOGO.feet. This
seemé to indicate that the required sight distanée could
safelylﬁe reduced, but that no change in Table IX iS‘really
ﬁecessary.

4., Conclusion

For all speeds of today; the required sight disfanéefof
1060 feet for marking no~passihg wones is more than adequate
and, based upon a preéiction of future trendé, retention
of the 1000-foot sight distance is justified.
The determination of spead controi'on Michigan highways

is based on the principle of the 85th percentile. It has




been substantiated that this is a proper basis for estab-
lishing speed controi. This would provide a more realistic
basis for speed determination at no-passing zZones as well.
Therefore, if other than 1000-footlsight distance for
marking no—passing zoﬁes is deemed necessary, the selection
" of ﬁhese respective sight distances should not be based on
average speeds or design speeds but rather oﬁ eighty-five
percentile sSpeeds., It is necessary to repeat, however,
that the 1000-foot sight distance is completely adequate
~and even more so for ail conditions of safety éhd efficienc&
and does not result in undue restriction on traffic movement,
The ultimate answer to this question and that of what
eye height to choose apparently lies in‘a repeat of the
1945 field experiments, This has been done and thelresults

are summarized in the next chapter.

Target Height

1, DPresent Criteria

The beginning of a no-passing zone is locatéd at that point
ﬁt which an obser§er sighting forward through a 4% foot

- target just loses sight of another 4% foot target a-specifiéd
distance away. The end of -a zone is located at that point

at which an observer sighting from the prest.of the curve
downward through a 4% foot target just regains sigﬁf of a

2% foot tafget. As a precaution for a dip in the curve, the
end of a zone may be exteﬁded, if necessary, to the point
where, by sighting throuvgh a 4% foot target at the end of

the zone, é 2% foot target is visible any place throughout

(1,
the curve,



2. Discussion

Use of a 2% foot high target in setting the end of a

no-passing zone is a safety factor. It is based on an

assumed height of vehicle headlights of 2} feet. The
stipulation that the 2% foot target must be seen through-
out a dip in a vertical curve is simply an additional

safety factor.

The need for these safety factors cannot be readily
proved or disproved on paper. Archeck on fhe policies
- of 17.other states throﬁghoﬁt the Uhited Statés-feveals
that Michigan is unique in use of thé 23 foot target
height (although some states gO'mﬁch'ioweﬁ; tpey éombine
the lower height with a ﬁuch shorter sightrdistanée).
The majority of states checked conform to the national

: (15. e e ‘ " o (16,
standard which is based on the following premise: .

"While the headlights of a vehicle are only about
2 feet above the pavement, a reduction in the value

of the assumed height of object is not necessary.

In the case of sight distance for safe passing at

night, the beams of the headlights of an opposing .

vehicle generally are seen sometime before the
headlights come into view and even before the top
of a vehicle can be seen at the same location in

the daytine."

Apparentiy, as with sight distance, the answer to
this question of n=2ad for 2 lowser oblsct height lies in

what its vse produces in the fisld.




D. Summary: Conclusions
Thrbugh a réview of vehicle speeds and heights, an attempt
has been made to evaluate the existing criteria for‘marking
no—passing'zones on Michigan highwéyé. From fhis review,
the following conclusibﬁs may be made:
1. 'The assumed drivef eye height of 41 feet shouldlbe

16wered presumably to 4 feet.

2. The required sight distance of 1000 feet for marking
no-passing zones for higher speed highways should
be entirely adequate for many years to come. This

1000 feet satisfies all conditions of safety, and

the selection of sight distance for marking
no-passing zones from.speed determihatiohs, either
averége or B3th percentile, is qot~required., |

3.7 The‘need for use of a 1owér dbject héight whén setting.
the end of a no-passing =one can néither he justified
nor denied without conéidering ifs.actual effect

in the field.

Ultimately, the recommendations to be made from these

conclusions depend uvpon the results of field studies made

using the various criteria,




CHAPTER II

No—Passihg Zone Field Study

A, Introduction
Chapter I established the need for revised criteria for

marking no-passing Zonss on Michigan'highways. Alterna-

tives for a revised eye-height and sight distance were

offered, but no definite choice of value was made in either
case. Instead, the ultimate choice was left to_be made on-
" the basis of the resulté of a fieldlstﬁdyrtestingrthé
various criteria. This chapter concerns the condﬁct and
results of that field study. It should be noted that
sight=distance as used in this chapter'réfers t5 that
required for marking no~passing zones and not that :équired‘

to make a passing maneuver,

B. Description of Study

1. Locatioﬂs Studied ..

Some 130 pairs of existing no-passing zones were chosen

at random in the field for testing in this study. Each

zone was to be a simple vertical curve (normally,

driver eye height does not affect the marking of zones
on horizontal curves) on a two-lane state trunkline in a
rural area,

After collection of the field dﬁta, a2 number of the

zones had to be eiiminated. HRither they included some

~horizontal curvatire ox they inciuded a douvble crest,




producing grossly distorted results. A total of 86'pairs
of zones were left. Appendix A lists the location of these
zZones, |

2, Procedure

Six or eight no~paséing‘zones were established at each
existing zone studied. One'néw zone'was'baéed on Michigan

criteria; the others were based on varying criteria, as

shown in Table ITI, Methods 1-2 aﬂd,2~4 were not originally
among the tested criteria, but were tried on 35 pair of |

.zones as a result of the conclusions contained in Chapter'If

TABLE IIT
No-Passing Zone Method Key

Target Heights

Sight Distance | Method. . Beginning - End
: of Zone of Zone
900 Feet -2 4' to 4! 4' to 4"
1-4 34" to 34" 3% tolé%'
e __ 15 _ 3} to 33 33 to 23!
1000 Feet 2-1 * 41t to 43" 431 to 2%
2-2 4' to 4' 4' to 4°
2-3 4'  to 4! 4' to 2%
M __24__ 3% to3%' __ 33 to 33!
11060 Feet 33 4' to 4' 4' to 21"

. ¥ Prasent Michigan Criteria,

After each new zons was established, its beginning

and ending points were neasured in relation to the limits




of the existing zone, By measuring the total length.of
eacﬁ existing =one, the-length of each new zone éould also
'be computed. |
The field work for this study ﬁés performed by a crew
that generally consisted of three men éduipped with measuring
& . | whee}s, sighting targets, and two—way‘radios (walkié-talkies)Q
| The.fiéld method employed is described iﬁ‘ﬁhe‘foiiowing‘ |

paragraphs.

3. Field Method

'The prescribed Michigan field method for marking no-passing
zones on vertical curves involves two men equipped with a

(1.

chalkline and sighting targets. The chélkiihe‘is made
as long as the required sight distance fér;mafkings; the
height of each target is initially set at 4% feet. _Thé two
men begin the opératioulby waiking toward the crést 6f the -
" curve while keéﬁing the chalkline taﬁt‘bétween them. The
beginning of the no—passing zone is set where the man in
the rear, sighting through his {arget, first loses'sight of
the target held by the man in front, The man in frohﬁ then

drops'his end of the chalkline and walks toward the other |

man, who has lowered his target to a height of 2§ feet.

The end of the zone for the,dpposite direction is set where

the forward man, sighting through his target (still~at a
helght of 44 feet), just regains sight of the other target.
If there is a dip in the roadway between the two men, the

end of the zone is extended - if necessary - to the point

whefe, by sighting through the 4%~foot target, the 24-foot
target is visible any place in the dip. This entire process

is then repeated to set the zone limiis on the down: grade

of the curve,

- 15 =




The field method used to establish the zones for this
study was essentially the same as the one just described.

| Measuring wheels and two-way radios (walkiehfalkies)'were

substituted for the chalkline, however, because the chalk-
.linerproved to be too cumbersome and difficult to.keep at
the right length. |

Use of thermeasuring wheels, gradﬁatéd'iﬁ féet, and

the walkie-talkies overcame these deficiencies. Two men,

each with a wheel, positioned themselves the required.
distance apart in advance of each vértical curve,  Then,

by setting the dials of both wheels at zero and uSing the

radios every 50 feet, they could hold'the.feqpifed distanée
between them as they walked up the hill, = The sighting |
targets, which Were covered by a luninéSceﬁt:materiai forr
easier sighting; wére méunted on rods attéched‘to the

' measuring wheelé. _Whén a third man ﬁasrpresent on the crew,

he took notes and acted as party chief. =

- C. Results of Study

;. General

Table IV SummariZes the resvlts of this study; Appéndices‘
B, C, and D show the results in detail.
The results indicate that a_changé 6£ one foot 'in the

assumed driver eye height and of 100 feet in the required

sight distance have about the same effect on the length

of a no-passing zone. Both changes will result in an
average difference of approximately 100 feet in the length

- of a zone.

e 7 o .




Where the two changes diffe? in effect is in défermining
the limits of a zone.‘ Generally, with a lower eye height
the only change in criteria, a zone will be iengthehed about
the same at its beginning as at its énd. Whén only the
sight distance is changed, ho@ever, thé average change in
length of zone is at least 10 times és gfeat.at the begin-
ning aé at the'end. | |

The least effect is causéd by using a different object
height when setting the end of a.zéne. For each one-half
" foot this height is_raiéed,.the end‘of-aizone isrshortened
by an average of only 12 feet.

2. Relation to Existing Zones

Of all the criteria tested in this study; only one resulted
in an average zbne-length longer than that of the existing
zones. This was criteria 3—3,-WﬁiCh involves an 110ﬁ—foot-
- sight distance.u ‘ |

One of the largest differences found was that between
existing zones and those based on the Michigan criteria.
On the average, the éxisting zones studied aré 112 féet
10nger.fhan_actua11y reduired. Eighty-three feet, or
74 percent,‘of this excess was found at the béginning;
2g feet, or 26 percent, at the end. Teﬁ‘zones studied aré
eaither not required ét all (sight was ﬁeﬁer lost), oi are ’
required for so short a distance (200 feet or less)(l' that
they should be eliminated.

Cne or more of sevaral cavses seem accouniable.for these
discrepancies. These would include thé'human differences,
such as eyesight; involved in establishing the zones;

differences accumulated throuvgh maintenance operations;-
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Comparisons

Existing vs,

1-2

1-4

Jed
i
o

I
A

H
)

3
1
Ll

(81)

TS .

Vs,

vs,

I

Beginning

&3

84
32
32

35

35

56

129

Longer than Michigan Method

Shorter than Michigan Method

TABLE IV

NO-PASSING ZONE 3TUDY

Comparison‘bf Length and Location of Zones by-Varidus Criteria

Average DifferenCe in Location and Length

- End

2¢

31

18
44

Total Length
+ 112 |

115

14
12

18

75

154



arbitrar& placenent or lengthening bf the zones for "safety"
purposes, and the non;use ofrthe prescribed-field method
because of its limitations! | |

Although further discussioh of this problem is beyond
the scope of this study, these results strongly suggest
the.need for developing a more WOrkaﬁlé;.scientijié and'r

accurate field method. for establishing no4passing_zonésrw2”

3. Relation to Michigan Criteria Zones

‘a. Method 1-2

This method combines a ¢00-foot sight

distance with a 4-foot eye and object héight.
Originally, it was not amoﬁg.the‘c:iteria
tested.because it was believed it would produce

zones that were entirely t60 short. Because

its eyé height and sight distance conform to

the. minimum values found necessary in Chapter I

of this report, however, it was tested op'a
limited number of zones after the original
field study was completed.

The results of the field Study made using

these criterions seem to bear out the original
contention, This method produced an average |
" zone length 115 feet shorter:fhan that for
Michigan cr;teria_zones and 227 feef shorter
than that for existing =zones, Ofvthe 70 zones
tested, 16 would be eliminated by this method.

These results seem to conclusively reject any

possibility of adopting this set of criteria.




b. Method 1-4

This method combines a 900-foot sight

distance with a 3%-foot eye aﬁd object héight.
- Of the six methods first tested for this study,
it produced the shortest of all'zones, yet, its
average total length différéd by'on1y‘14 feet

from that for the Michigan criteria zones.

Location of the beginning point'of mefhod
1-4 zones was} on the avérage,.32 feet shorfer
(up the hill) than that fbr Michigan criteria
zones. Part of this difference was,madé up ét
the end of the average zone,.whére:mefhod 1-4
extended the zone by 18 feet, |

One of the most surprising fesults of
this field study invoives this method on vertical
curves where the Michigan criteria indicated
the need for no zone.. Because'in about,GO percent
of the zoheslstudied,-l-é zones were Shpfter than
2-1 (Michigan) zones, it might be expected that

on some or all of these "no-zone" curves, 1-4

would also show that a zone is not needed.  Yet,
in no case was this ftrue. Generally,_on these
particular curves, 1-4 zones were considerably

shorter than the existing zones, but in every.

cage the resulitant zone was over 230 feet long.

This result ssems to be the exception to the

rule that changing the sight distance has a
greater affzct on the length of a zone than does

changing the =ye height.
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¢,  Method 1-5
This méthod combines a 900-foot sight
distance with a 3%-foot eye height and a 2%-foot
object height. The =zone béginnings for these
criteria are identical to those for ﬁethod 1;4.
Because of the lower objecf,height, though,

the average zone end for method 1-5 is extended

26 feet beyond that for method 1-4.
Compared to the Michigan criteria zoﬁés,
then, 1-5 zones have an average of 32 feet

shorter beginnings and of 44 feet longer endings,

or an average of only 12 feet longer tOta1 
lengths. No other method produced results which

compared so favorably, in total length, to those

for the Michigan criteria.

-if the assumption is accepted that the
Michigan criteria, although in need of rgviéion,
still produces no-passing zones of‘”reasbnable”
length, thén it must.be conceded that method 1-5
also produces reasonable zones; Yet, this'method
has one great drawback: the 21-foot object
height. The extra time, effori, and expense
involved in using the lower ﬂeight hardlj'éeems'
to be justified by an extension (over method 1-4
zones) of 26 faet, it 80 miles pe% nouyr, this -

4 - o . . .
represznts about [ -second of driving time.




d. Method 2-2

These ériteria consist of a 1000-foot
sight distance and a 4—foof eye and object
_ﬁeight. Compared to the Michigan ériteria, the
average begihning point for this method is 35
feet longef and the avéragé‘énding_point:is
17 fe=t shorter. This means that'tﬁé average
zone based on method_zéz is only 18 feet 1onger
than the average zone based on Michigan criteria.

Again, if the-Michigan ériteria ié aecépted
as "reasonable”, though in:need of revision,
zones based on method 2;2-must aiso:be éccepted
as reasonable, Only 1-4 and i;ﬁ'zones cbnformed
more closely in total length to that of Michigan
criteria zones, and aven 1-5 zdﬁgs differed
more ét the extremitles, ﬁethod %-2 also has
the advantage of being‘an easy one to apply.
Thus, ﬁathod‘z-z must,be one of those stfongly
considered for replacing the Michigén criteria.

e;. Method 2-3

Method Ruﬁ‘combines a 1000—f00f sight
distance with a 4-Tool =2ye height andAa 2%-foot
object height. The beginning points for this

method are identical to those for method 2-2.

O]

dhereas 2-2 zonss are 17 feet shorter than
liichigan criteria zonz2s at the end points, 2-3

Lones are 24 fest longer than Michigan criteria



at the end points. Method 2-3 zones are,
therefore, én the average, 59 feet_greater in
total length than Michigan criteri; zones.
‘Althoughgthis method.also produces

"reasonable" zones, three other methods produce
mb:e ”reasénable" zonés.: fhi? method also héé
the disadvantage of the 2%—fodt‘objéct'height
which, in this case,. increases the end of the
zone 41 feet (dver 2-2) ;—fo? the equivalent
of G,46 second'driﬁing tiﬁe at 60 mileé_per
hour, :
Method 2-4

This method combines a 1C00;foot sight _
distance with a 31-foot eye and object height.
Originally, it was not among the criteria tested
becéuse it was believed it would produce zones
that were-entirely too long. ‘Because its'eye
height and sight distance conform tp the-
max imum Vaiues found necessary in Chapter I
of this repﬁrt, however, it was tested on a
limited'nuﬁber_of zmonas after the ofiginai_field
study was completed. |

The resulting =ones weré‘long, btt'n&t
unreasonably so. In'comparison to Michigan
criteria zones, the average 2-4 zéne was 56 feet

longer at the beginning and on1y 1¢ feet longer

at th2 end. The total increass in length (75 feat),



howaver, seems too great for thisrmethpd to be .
seriously cénsidered as a substitute fbr.the
Michigan criteria. |

g. Method 3-3 |

This mefhod combines anrllooéfoot.sight
distance with a 4-foot eye-héight and a 2}-foot
object height. It was among thé:fifst s5ix sets
of eriteria tried only to test the effect of an
additional increase in sight distance.

As expecfed,lit produced -zones thét were
much too long. Compared.té the average‘Michigﬁn
criteria zone, the averégeVS—S ﬁbneiwaé-154 feef
10hger ~- 129 at the beginning; 25 feet-at the"
end. All three of these figufes:seemrto cqnfirm
the predicted effect of chdngiﬁg sight distaﬁce.
and éfe height, ‘Foliowing the figures cifed'on‘
page 18 of this report, the respective difference
Should.bellﬁﬁ, 110, and 40 feet--very cibse,

indeed, to the values actually found..

D. Summary: Conclusions
The presént Michiganlcriteria for marking no—passinglzqnes
was based, to a large extent, on expediehcy. The'é%;fobt'
eye ﬁeight Waé chosen from the appropriate data then
available, thus the 100C-foot sight distanceAwas chosen
for its "reasonabléness” and the 2%~f00t objecf height

was adonted as a 'safesty factor." Combinad, these criteria
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producedAno~passing zones of "reasdnable"‘lengthvﬂnot
overly restrictive, bﬁt-enough‘so. .

Nothing uncoveréd in this field study has shown that
zones based on these criteria are ﬁnfeasonabie. The
presently preséribed field method caﬁ Se attacked; the
criteria themselves can be attécked, but“the resulfé théy
producé cannot. Therefore, any new critéria édoﬁted should
result in no-passing zones ﬁhich c&ﬁform'fairly'closely to
those based on the present criteria.

.Accapting this premise, then, 6n1y,fhree of the new
sets of criteria tested in this study seem woxthy'of fﬁrthéf
 00nsiderati0n. These are methodsllw4;‘1—5} aﬁd 2~2.

Method 1-4 consists of a 900-foot sight distance coupled
w1tn a 33-foet eye height; method 1-5 con51sts of a |
900-foot sight distance coupled with a ?2~foot eye helght
"and 2%-f00t obJect height, and method 2-2 consists of a
1000-foot sight distance coupled with a 4-foot eye height.
Cn the average ahd in comparison to fhe,average Miéhigan
criteria zone, method 1-4 will shorten- a zone by 14 feet
(-32, béginning; +18, end), and method 2-2 will lengthen
it by 18 feet (+33, beginning; -17, end). o

Actﬁaliy because method 1-5 achisves its extra
proximity through the }ower obwect helght which has been
shown unnecessary, it too can be dismissed from further
discussion., This 193485 only methods 1-4 and 2-2 for
consideration,

One other conclusion must be drawﬁ'ffdm the results of

this field study, and that is that the prescribed field



method for establishing no—passing zones is in needlofk

almbst complete revision. The‘awkwardness,_time-consumption;'

inaccuracies, and lack of safety inhefent in. this field

method all show this to be true, Thé field method used for
:Ea this study is a step in.the right direétion, but iny a

step.




Chapter III

Conclusions and Recommendations

A, Conclusionsl
The purpose of this rebort is'the evalﬁation of the Michigan
Criteria'for marking no-passing zoneé, The first éhaptef
concerns a review of the criteria ﬁrom an‘acaéemié standpoint;

that is, the effect of changes in vehicle design and speeds.

The second chapter concerns the effect of the Various_criterié
"in the field: what typé and length of zones would resﬁlt;_
The first chapter contains thesé conclusions; |
1. The presently assumed driver‘éye%héight
should be lowered to 4 feet; |
2. The presently required maiimum sighﬁ diétﬁncé
of 1000 feet for marking no-passing zomes is
ceftainly adequate for foday's needs and
should be so for some time to come.
3. The requirement that a 24-foot target.be used
in-setting-the end of a no-passing zone seem$

unnacessary.

Chapter I also contained a discussion of the sélecf;on
©0f sight distance for marking no—passing'zonés based upon 
various average speeds and désign speed 6f the higﬁwﬁy. It
was pointed out in this chapter that the selection of
10606 feet of sightl distance fox marking no—péssing zones
will be recommendad for uss on Michigan highwajs rafher than

selecting a sight distance based upon respective average,




design, br 853th percentile speedé. This affords simﬁlicity
in field application,-is proper for highway speeds on all
Michigan highways, and is more than adequate'for safety
requirements, and doss qot restrict'ﬁovement‘of traffic
unduly. For these reasons, it is conciuded.that no speed

determination, whether it be based.upqn éverage, design, or

85th percentile speeds, is necessary.. Any_adﬁantage,

benefit, or accuracy acquired from speed determination for
each no-passing =zone ﬁill-not justify.the time,_expense,‘ |
“and cbmplexity resulting. Thus,-in Miéhigan, thé sight
distance criteria fTor marking no—passing zones for all
cases will be 1000 feet. |

I+ is understandable that other ageﬁcies nay desire to

select the sight distance criteria for this purpose based

upon speed determination. If this is so, then it is
- recommznded thaf the sslection of this sight disténce be

based upon the 85th percentile speed in accordance with

the National Manual of -Uniform Traffic Control Devices.
The sight distance requirements for this method are presented

in Tabie Y below.

TEBLE V

National 3tandard _
Bequired 3ight Distance for Marking
No-Passing “onas (17,

3peed (85th Percentile) 3ight Distance
MPH Foet
30 300
4 G0N
30 B0
G 12006

T0 1200

t
ba
0

i




From the second chapter of the report, the concluéiqn
Was-made that,‘of the'criteria'tested in the field, only
two sets gave satisfactory results, These combined a
1000-foot sight distance with a 4-f06t eye height and a
900-foot sight distance with a 33-foot eye height. Of
the two sets, the one based on the 1000-foot sightﬁdistance
generally resulted in a longer zone, but.bqth‘sefs differed
in average lengths by less thap 20rfeet from the average
length of zone based on Michigan criteria. |

Two additional coﬁclusions were-dfaﬁn in the secénd
chapter: One, that the use of a lower target height in
setting the end of a zone is not justified by the extra
lengfh of zone thus acquired; and two, that fhe prescribed
field method for marking no-passing zones is in need-of |
dréstié revision. | |

The fwo sets of criteria under éonsideration are
methods 1-4 and 2-2, A review of the fieid Stu&y 0ut1inea
in Chapter 11 shOWS'there is 1ift1e difference in Applica—
tion of the two methods. Both are simple and eaéf tb.work
with, Both produce no;passing zones of réasbnable length;
2-2 zones are longer at the beginning; 1-4 at the ehd;

- but the differences are generally insignificant, |

Selection of oné nethod over the other oﬁ fhe hésis of
sight distance is also difficulf. The 1000-foot éight
distance {(of method,z;z) allows for the trend toward higher
speeds which is presvalent today, but the 900-foot sight

distance (of method }-4) corresponds to the Michigan design



speed of 60 miles per hour. This speed ﬁormaliy_remains,'

- static and may be more nearly ihdicative'than prevailihg

speeds of actual speeds driven near no—passihg Zones .,
Two factors, however, favor method 2-2. These are

the eye height and a desire for uniformity. The four-foot

eye height is certainly adequate for tbday's needs and

probably should be so for the near,future;‘

The advantages of uniformity, the other factor favoring
method 2—2,'have been strongly stated elsewherem-manyztimesff
- and need not be repeated here, Buffice to say, however,

that little argument can be made against uniformity as

long as the recommended standard seems reasoﬂable and‘prober.
Method 2-2, which cerresponds to natioﬁal-recommeﬁdations'
as revised in 1961,(17' is such a standard. "The fesults
of this study clearly show this to be so. Therefore, the
preference for method 2;2 becomes quite apparent.

Regardless of which method might be”chdsen, it'woﬁld
stand in need of modification. - Although a'léwer_térget

height for setting the end of a zone is not nscessary, the

,prbvision_that the target be seen throughout a dip in the

curve is necessary. Almost 56<percent of the‘zones.establiéhed
for this study were }engthened, often aﬁpreciably, by this
provisibn. It should, therefore, remaiﬁ an integral part

of the procedure for marking no-passing zones on vertical
curves, L1so, there seems {0 be no reason for having any
differential in sight disfance based on a differ=nce in

gspe=ads. There way b2 a few isolated 1oéations whera a

shortar sight distance, based on a lower speed, would not



require a =zone, Althpugh a longer sight distance.wéuld,
these locations are probably sd small in number that no
extra provision need be made for them. -Instead, in the
interest of both safety and simplicity, the one definite
standard for sight distance should suffice,
.B. Récommendations |
Based on the results of this studyr the fdllowing-recom-
mendations are made concerhing-the-procedure fof establishing
no-passing zZones on Michigan highways,,
| 1. Require that the baginning of 'a no-passing zone
be established where an observer sighting
through a A-foot target just'loses éight of
a second 4-foot target 1000 feet éway.

2. Require that the end of the'sﬁﬁe Zoﬂe he
established where the two targeﬁs, s5till 1000
feet aparﬁ, are again visible to oneranother.
Tach zone éhovld be checked to detarmine if.a
dip exists befween the 1000-foot Sight distance
within which 2 vehicle can be lost from view.
If this condition exists, the end of the zoﬁe'
shall be exfendad'tﬂ the noint whererby sighting
through the.targef,_ihe other_térget:is visiblé
throuvghout the dip, The target.for thesé-pfo~

visions shall also be at four faet elevation.

w

This study should e repeated in 1967. The

@D

Tf2ct of the downward trend in vehicls height

and of th2 vowerd ivend in vebicle speeds can

rhen o2 reeanns lysoed,




As soon as possible, development of anrimprbvedt'
more scientific field method for establishing
no-passing zones should be ﬁndertakén; This is?
not only in the intereSt-df'the motbring public,
but also for‘ihe Séfety of thé perSOnnell

responsible for this field work.
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ZONE NUMBER | LOCATION

1 M-61 West of Harrison at N. ﬂarding‘Avenue‘ |

2 Mfﬁl West of Harrison at70.4lmiles;West-of“N. Hafding

3 M-61 West of Harrison at 0.8 miles.West of N. Harding

4 M-61 West ofVHarrison at 1.6 miles West of H._Harding"

5 M-61 West of Harrison atld;ﬁ'miles West 6f N. Bringold

6 M-61 West of Harrison at N. Hemlock Avenue
7 M-61 West of Harrison at 0.4 miles West of McKinley
Avenuve ' } : .
8 * US-27 North of Clare at Tobacco River
9 US-27 North of Clare at 0.5 miles North of Tobacco
River -~ :
10 US-27 North of Clare at l.5imilés North of Tobacco
River S ’ S
11  US-27 North of Clare at 1.9 miles North of Tobacco
. River o : _ ‘
12 US-27 North of Clare at 0.5 miles North of Surrey Road
13 US—27‘North of Clare at BeaveIton Road
14 . US-27 North of Clare at 0.4 miles North of Beaverton
: Road B ‘ . ‘
15 US-27 Noxrth of Clare ét 0.9 miles North of Beaverton
‘ Road ' : : ‘

- 16 US-27 North of Clare at 0.6 miles North of Adams Road
17 US-27 North of Clare at 0.4 miles North of State Park.
18 U3-27 North of Clare at 0.7 miles North of State Park
19 US-27 North of Clare at 0.9 miles North ofiLiﬁCOIn Park
20 * US-27 North of Clare just South of Mansiding Road
21 M-66 North of Ionia at Session Road
22 M-66 North of 3heridan at Holland Lake Road
23 ' M-66 North of Ionia at 0.6 miles South of Paackes Road

* ZYones 8-20 are on old US~-27, which was abandoned by the
State in September, 1562, '
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LOCATION

M-66 North of Ionia at.

of Ionia at
of Ionia at

of Ionia at

of Ionia at
of Ionia at
of Ionia at

of Ionia at

M-46

M-46

M-6€6 North of Ionia at

of Gaylord

of Gaylord
Drive

of Gaylord
of Gaylord

of Gaylord

Gaylord O.

South of Sidney Road
South City Limits of Stanton

South of North City Limits

South of Briggs Road
Coral.Road
Church Road

first curve N, of W,
seéond curve N..bf_W._

Z.B:mileSHNorth-of Black Creeck
0.5 miles North of Waters

1.1 miieS'N. of W,

0.5 miles N. of State Park
just South of Wah Wah Soo Drive
0.5 miles N. of Wah Wah Soo Drive

5 miles R.'of‘Gayldrd City.

US;27 North of Gayiofd 0.5 miles N. of Allis Road

US-27 North of Gaylord 1.7 miles N. of State

US-27 North of Glivet south of Stine Road

M-50 Northwest of Tompkins Center

M-30 Southeast of Tompkins Center at Bennet Road

M-26 West of Gregory

M-96 South of Lansing just South of Bishop HRoad

M-78 South of Charlotte at South City Limits

ZONE NUMBER
24 | M-66 North
25 M-66 North
26 M-66 North
of Stanton
| 27 M-66 North
}; 28 M-66 North
29 M—GG North
30 M;GG North
dunction of
31
Junction of
32
33 U827 Soufh
34 US-27 South
Otsego lLake
35 US-27 South
36 US-27 South
37 US-27 South
38 US-27 N. of
Limits at TB Ban.
39
40
Roadside Park
431 |
42
473
44
f 45
E 46

* Zones 33-35 are on oid U3-27,
the State in Saptember, 1962,
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ZONE NUMBER LOCATION

47 M-78 South bf Charlotte—just North of Roadside Park'
48 M-99 South of Lansing at Dimoﬁdale;Highway-

49 M-99 South of Lansing jusfiNorth of Bridge over

Grand River - _

59 M-99 Sduth of Lansing at Bailey Rbad

51 . M-99 South of Lansing at Skinner.Rdad

52 M*?B Northeast of M-47 Southwest of Mprrice Road
53 M-78 Northeast of M-47 at Church Road |

54 M-47 North of M-78 just North of Intersection

55 M-47 Nocth of M-78 just South of Winegar Road

56 | M-66 North of.Iohia 5;7 miies'Nofthiof-City Linits
57 M-66 North of Ionia at Dildine Road -
58 M-66 North of Ionia 0.6 miles;North of.Dildine'Road_
50 M-66 North of Ionia at Hall Road |
60 - M-66 North of Ionia 0.6 miles North of Hall Road
61 M-66 North of Ionia at Hubbel Road

62 M-66 Nortﬁ of Ionia at Tingley Roéd

63 M_66 North of Tonia just South of Bricker Road

64 - M-66 North of Ionia just South of Snows Lake Road
| 65 M-66 North of Ionia just South of Dick Road :

66 - M-66 North of Ionia just South of anwick Road
67 M-66 North‘of Ioﬁia at Boyer Road Sbuth',

63 M-66 North of Ionia at Boyer Road North

69 H-66 North of Ionia just South of M-57

706 ~-66 Nérth of Ionia Jjust North of M-57

71 U8-12 in Lenawee County at Hogan_Highway

72 U3-12 in Lenawee County at Van Tyle Road




ZONE NUMBER

73
74
75
76
77

78
79

80

81
82
83
84

85
86

LOCATION

US-12 in

US-12 in

. US-12 in

U3-12 in
US~12 in

US-12 in
Junction

U5-12 in
Junction

U5-12 in

US-12 in
Highway

US-12 in
Highway

US-12 in
Highway

U3-12 .in
Highway

US~-12 in

US-12 in

Lehawee
Lenawee
Lenawee
Lenawée
Lenawee

Lenawee
Lenawee

Lenawee

Lenawes
Lenawee
Lenawee
Lenawee

Lenawee

Lenawee

County

County

County

County
County

County
Couﬁty

County

County

County
County
County

County

County

0.4 miles West of Hudson Road

0.8 miles ﬁest of Hudson Road
Just West of Wisner nghway
at Ely Road B

at Egan Highway

just East of Cambridge
just West of Cambridge

at Brooklyn nghway

0. 4 miles West of Brooklyn

0.3 miles West of Round Lake
0.8 mileé West of #oﬁnd Lake
0.4 miles West pf Silver Lake

at Wheaton-Road

just East of US-127



APPENDIX B
EXISTING ZONES AND VARIOUS CRITHRIA’

COMPARED TO MICHIGAN CRITERIA




Zone Ho.

Existing Zones

‘and R P T ey W 1-58
Direction Beg. . End Total ' -'Beg, " End Total Bege Fnd ~Total —“Beg, FEnd Total
A W 47k +22 +96 ) ' -465'+.'16 L b <65 3 3L
i B 4246 + 32 +278 S a5h +22 32 -5 +25 .29
2 W +155 + 48 4203 -20 £32 +12_ =20 * 31+ 31
"B gk o+ 25 189 -6+ 1 =3 - 6 +b0 434
3 W +164 +73 437 o177 4+ 5 172 =50 + 5 b5 -50 430 20
B +207 + 41 248 =75 =36 -ill -6l + 8 =53 -6l +30 =31
b W bk + 70 421h ' ‘ “T0 .+ 7 =63 =70 +12 =58
B +118 +45 4163 -8 + 3 =79 -82°+15 -6
5 W 4205 +35 4240 77 +17 . - 60 - 77 +24 53
E  #82 + 5 H87- - 58 + 11 . 47 -5 +18 -
6 W 4120 +30 4150 ) Lo 42t 219 =80 437 - 3
E 266 + 27 4293 -3 +13 18 -31 w bz +11
7 W 4298 + 66 +364 - 70 =39 w109 -5 «13 - 58 - 45 439 - 6
. B +430 + 52 +uB2 0 =3 =3 +30. +25 + 55 + 30 + 34 + 64
8 ¥ +125 + 77 202 -63 =29 92 -35 +19 .16 - 35 + 38 + 1
5 #1122 - 9 +13 - 95 16 <111 - + 9 =35 - + 38 w b
9 T +465 +31 . +96 50 %13 47 260 +28 .32
5 - +113 + 34 #147 - &7 + 13 =34 - &7 + 29 - Lo
10 N 0 +8 +89 - 60 +12 .48 - 60 +22 .38
s +93+1¢,.+96: - 76 +10 =66 w76 4 23 - 53
it M +150  +7h7 4897 + 5 =23 18 + 33 P04 4737 + 33 +846 +879
- S 4809 + 20 +829 -150 =21 17t +622 + 57  +679 +622 +113 4735
12 W +85 4108 +193 -25 + 5 —20 =25 +31  + 6
' 3 +171 + 15  +186 - 82 +20 -62 - B2 +42 - b
13 N +100 + 18 #18 -25 +18 - 7 25 +46 o+ 21
s +8 + & +95 . -10 +1z +.2 -10 +45  +35
14 N 470 +37 07 w76 + B -72 k5 + 5 -b0. -bs 428 .1y
s  +ci G +l0i - 72 0 -7 - + 137 =33 - +35 .11
13 ¥ 4200 +238 38 +55 4 9 o+ 8 +35 w26 +81
s w36 + 4y 483 =00 -2 b2 b0 438 . 2

+ 20

. 2 w2 .
. Beg, Epd. Total
+ 15 =12 + 3
+21 + 2 +23
o+ Lo .28+ 16
+ 3% =39 -0
+20 19 + 1
+ 1 -2l o« 7
© 415 0+ 13
+10 -28 - 18,
+ 15 + 3+ 18
+17 + Lo+ 21
+25 - 8 .+ 17
25 .27 - 2
+25 .8 -358
+U45 o 5 440
+30 - 7 +23
+134 .26 + 8
+20 =11 49
+ 1k _10. + 4
$10 4 2z 412
+16 - 9 "+ 7
+ 38 +629  +667
+657 = 18 +639
+25 - 9 + 18
+35 -32 + 3
+25 =32 - 7
+ 40 37 + 3
+15 -2 - 7
+ 25 -1z +13
+355 « 9 +46
-104 - 84

Exiéting Zones and Verious Oriteris Compared to lichigan Criteria

+ 20

2.3 . 2 -k 3 -3
Beg. End = Total Beg. End - Total 3eg. End  Total

+15 +16  £31 ' ' #4120 + 16 +136
+21 +11  +32 137 + 11 148
+40 + 19+ 359 FH o 1 4139
+ 39 + 25 + 6 ] +i19 + 33 +152
420 +16 436 =55 +23 -3 $110 + 16 +126
+ 1% + 15 + 29 -7 =17 =88 #110 + 15 4125
+ 15 + 10  .+ 25 +115 + 70 #1835
+10 + & + 14 +116 + & 122
+15 412+ 27 +110 + 12 +122°
+17 + 7 + 24 +107 + 5 411z
+ 25 + 12 + 37 +i05% + 12 +11i7
+ 25 # 19 + L +165  + 13 +124
+ 25 +.15 + g + 6L +1i7 + 78 +125 + 15  +140
+ 45 + 16 T+ 61 +11% + 27 +141 +100 + 22 © +122
£90 416 +46  +3 +28 v 6L HI0 426 4136
+ 347+ 18 + 52 + 45 . 3+ 43 +1383 + 18  +1354.
+20 +12  +32 H20 + 12 32
S+ 410 o+ 2B . 110 + 10 +120
+ 10 + 13 + 23 +110 + 29 +139
+16 +' 8 +2b +27 + B 133
+ 38 +812 +850 + 88 + 40 +128 + 93 +737 4825
+557 + 82 +739 +101 + 4t +i42 +622  + B2 4704
+ 25 + 28 + 53 +125 4+ 38 +163
+35 +18  +53 154 + L 4158
+25 + & + 31 +125 - 10 #1135
+ 40 + 20 + 60 +12h  + 20 +14b
+ 15 4 10 + 25 +32 +29 +61 +115 + 10 4125
+ 25 4+ 18 + 43 + 58 +18 + 76 +119 4+ 18 4137
$55 412 467 ' 4125 £ 12 4137
+ 18 + 38 +105 + az. +147



+101

Zone No. . S
and Bxisting Zones
‘Direction Beg. HEnd  Total
14 N +Hilé

3 +Hiply
17 N +90 + 16 +06
- 8 +I50 -+ 21 #y2
i3 LW +75 +1z +87 ‘
] +10 + 3 +113
19 N o= 7+ 467
S +83 + 5 +93
20 0 B +75 o+ 39- 11k
3 +150 - 10 +lah
21 . it +138 + 19 +157
8 .50 +15 =34
22 N +i + 9. +153
5 +5 + 3 +56
23 K + 75 2720 =645
3 - + 22 «622
2 ¢+ 4L . 9 135
8. +30 13 +17
25 T + 4 #4138 +140
3 + 2z +4 +43
26 N 271 4108 +379
8 +213 = 55 +158
27 ¥ .+ 58 + 12_.' + 70
: S -7 +18 +11
28 . N - 66 #1439 83
’ 3 - 1 4+ 9 <+ 8
29 hy +186 + 14 4200
3 +12¢ + 23  +152
30 y 4+ 40 +20 + 60
3 + 25  +126

1-2

th.sting Zones and Various Criteria Compared to Michigan Criteria

1.3,

-3z

-l 15 . 2.2 2.3 . 2wl
" Bega End Total Beg, End Total  Beg. End Total Eg.‘ End Total  Beg. BEnd Total Beg, End  Total Beg, . End Total
Y 275 +330 +356 856 43k +466
0 4282 +322 _ - 4261 +319 +369 +358
50 +26 228 =50 449 . 1 +20 ~10 +10  +20 +24 +4b B0+ 22 162
-3+ 2 -z -31 #2686 . 5 435 =20 -6 +35 +17  +52 +35 + 25 4160
- 50 +11 3% - 50 +29 - 21 +20 =16 +10 +20 +1b o+ 3b +Hz0 o+ 1 413k
=57 +11 <46 =57 32, a25 +21 - 11  +10. +21 +1b + 35 +110 + 11 +HZ
-0+ 13 b7 50 +50 =20 +25 291 _ & +25 +18 .+ b3 +125 + 18 4143
- 5 t 5 .0 - 5'+26_ +21° . +31 .12 +19.  +31 + 20 + 51 +136 4 12 154
L60 - 3 w83 w30 £22 -8  _30 +h2  +12 420 - 8 +12  +20 +16 36  + Ul 426 +67 450 +22 1120
-85 - 260 91 42 o+ 40 38 -bz +390 . 3 +30 w28 + 2 +30 +20 +50 +65 + 2 467 +134 + 20 +isk
-ho +22 218 L0 +47 o+ +26 « 9 o+ 17 +26 +22 43 +105 + 22 +127
~37 + & =31 -37 +29 - 8 +31 =26 + 5 +31 +311 +42 S22+ 11 +133
65 +13 -52 .65 +28 .37  +16 -11 + 5  +16 +13  +29 #4123 + 13 +136
-58 + 7 .51 -58 +25 .23, - +20 -18 + 2 +20 +12  + 32 +111 + 12 #123
-73 +15 - 58 - 73 +35 .38 +13 =16 - 3 +13 + 22+ 35 +108 + 22 +130
- 9+ 8 .1 - 9 +20  +15 +51 - 8 +43 +51 + B +59 +i51 + &  +159.
-7+ 8 =70 272 +22 -850 -2 +32 ko +12 - 4 +°8 +12 + 10 4 22 +27 + 21 + 48 +113 + 5 4118
=93 + 4 -89 -5 +10 - U6 -5 +27 .29 +20 - 9 +11 +20 +11 +31 427 429 4 58 +119 + 11 +130
LB+ 6 - 5h 60 +2%  -36 421 -17 + 4 +21 + 9 +130 127 + 9 +136
-39 +21 - 18 -39 + 29 - 10 +25 - 1 +2h +25 + 14 + 39 +116 + 18  +134
-25 +18 - 7 - 25 4358 +:23 + 40 «18 + 22 440 +58 498 +75 + 90 #1435
+ 4 .13 - ¢ + 4 + 52 + 54 + 72 =49 423 + 72 + 23 + 55 +227 + 9 +236
- 45 +20 .21 - 45 4+ 51+ 6 +20 =27 o % +20 +19 + 39 +118 + O  +127
-7 +21 +1ib - 7 +55 +48 +46 - 1h +32 -+ 46 +29  + 75 +151 4+ 25 176
- 5 +10 + 3 - 5 +33  +28 U0 =33 o+ 7 +h0 +16  + 36 +155 + 16 4171
-19 +19 0 - 18 +33  +34 +46 -38 + 8 + 4 +31 + 77 +131 + 29  +160
- 53 =78 =137 -.3 +19 +16 -3 465 w62 +62 .26 +36 + 62 + 29 + 91 +122 + 12 413k +193 + 25  +218
- 98 - 51 ailg 0 0 0 "0+ k8 418 +52 -36 +15 +52 +29  +81 +9z +29 +i2t +155 + 5b 4209
30 +11 - 13 -30 +33  + 3 +31 o119 + 1z +31 + 17 + b8 +130 + 17 14y
+ b .28 -32 +28 - 3 +26 38 ‘212 +26 + 1 T+ 040 #1111 + 1%

| <125



. Zime Vo

Ekisting Zones and Various Criteria Cémpared to H%.chi'gan Criteria -

4+ 7 =15

+.V'LL64

+102

Existing Zones 1l .2 - - - ) 2 = . ) 2.3 2wk A 3_73
. Directien Beg, End Total ‘ Beg. End ~ Total Beg., End Total Begs Fnd Tobal -Beg. End Total Beg, End = Total Bez, End VTotal Begs  End - Total -
31 W82 +41 .7l - - 50 + 14 - 36 50 +21  -29 425 o 3 422 425 + 9 +3W W17+ 9 HzE
8  -105 - 18 123 -30 +13 -17 - 30 + 27 - 3 +130 w5 +25 +30 +15 + 43 +121 + 15 +135
W 4282 W 27 4283 -35 +13 S22 - 35 +47  + 12 +30 -2t + 9 +30 + 20 - 50 +125 + 20 4145
s + 9% +19 4118 -27 -« 633, - 27+ 17 10 0 +18 «51 233 +1i8 4 4+ 22 130 + b +13k
33 ] 95 +28 €2) - 5 +20 +15 - 5 453 + 48 + 20 w55 33 +.20 + 26  + 46 4115 + 58 4173
5 42068 ~131 + 77 + 25 + 4+ 29 425 4 + 66 + 50 «45 + 3 + 50 + 13 + 63 +220 + 13 +233
W w15 + 20 -125 —55 +11 oM -85 +25 .30 420 4L + 9 420 413 O+ 133 +95 + 13 +108
s ~7F + 1 -7 - 67+ 10 - 57 - 67 +30 - 37 +20 «11 + 9 +20 +12 -+ 32 +112 + 12 +124
3/ 495 439 HM -20 413 - 7 .20 +31 411 +40 - 8 +32 +40 +19  +59 35+ 27 4162
5 + 96 - 25 4 7%, --28 + 14 a1k - 28 + 49 + 21 %55 -36 +19 + 55 + 22 + 77 +160 + 22 4182
k| 4830 0 +252 4275 +192 +242 +h3h +306
5 +511 0 4328 +377 +255 +H(2 +18 ' +514
il - 35 " 23 - 12 - 59 +¢9 =350 - b5+ 11 L3k - 45+ 27 - 18 +25 - 7 +.13 + 25 + 13 + 38 + 84 . & +58" +115 + 13 +128
5 -115 12 2127 - 78 bt liim -85 + 9  u58 -85 + 28 - 37 +18 23 - 5 +18 +13 + 31 -2z -1z - 34 +112  + 13 . +125
33 Lo} - 66 =20 - B6H. -52 « B .96 - 42 +33 <24 - 62 + 54 -~ 8 +38 - 3 +3% + 38 + 28 + 66 + 89 + 16  +105 227 + 16 4243
‘ S  -1283 +39 -8 .71 -9 169 ~36 -4 -80 -38 + 9 -29 +25 -b2 .17 +25.t5  +78 + 52 4+ 2+ 76 4352 + 39 +191
39 H w157 + 2 . Li15% -85 +12 73 ~55 + 7 48 - 35 + 25 - 30 +15 .13 .0 +45 +11  + 26 - 57 +37 .20 +100 + 11 +1i1
5 #17 + 2 +°'19 + 7 120 113 -57-+.7 =50 - 37 + 29 - 28 +16 - 21 . 2 +19 + 14+ 33 +17 -3l + % +101 + 1% +1lig
&0 b 0 +L46 + 46 +10 « 7+ 3 + 10 + 13 + 28 + 40 - 18 + 22 + bo +38  + 7 +120 +100 4220
_S +25 42 .13 58 w1 w5EY - 58 + 61 + 3 + 25 7L b2 + 20 + 24 + 53 +154  « 23 +131
1 B OHgh - 16 + 88 36 +16 - 20 - 36 +38  +22 +11 w12 - 1 +11 35+ 46 168 + 35 +203
3 + 7+ 2 + 9 -22 + 3 19 -22 +38 + 16 + 55 + 11  + 66 + 55 + 30 + 85 +176 + 67  +243
42 ‘B #2862 - 58, +204 - 88 - 27 =115 -10 +23 +13 w10 +50  + 40 + 45 .13 + 32 + 45 + 29 + 7 +352 +15 '+ 67 +135 + 40  +175
3 +he -11 +35 <156 - 66 =222 =33 +13 -20 - 33 + 4y + 1k +25 ~-30 « 5 + 25 + 26 + 51 +53 -11 + 42 +148 - 7 141
L3 i} #150 - 1 +149 - 35 306 ‘-341 - 20 0 =20 - 20 +81 + 61 +31 =80 .29 + 31 + 45 + 76 + 65 «-27 +138 +100 - 3+ 97
§ +#118 + 70 +188 <347 437 310 + 1 +12 +13 + 1+ 7 + 72 +39 -3 + & +39 +23 + &b + 72 + 585  +127 +120 + 23 4143
o W 4209 +119 4328 =79 - 46 125 .82 + 6. w76  -82 +11 w7l 4 b w7 23 £ 4 + 2 4 6 439 -24 +15  +108 + 2 #110
E #1113 + 24 4137 -8 +35 -34 -7 +15 - &3 - 78 +15 w59 + 5 - 1 + b + 5 4+ 11+ 15 +39 + 47 + 86 £99 + 6 +105
4z n ~100 +282 4182 : -11+3 - 25 <168 223 o« b 227 =223 + 24 199 +42 +22 + 64 + 42 4+ 5] + 93 + L4 +50 496 - 60 + 2 «58
5 - 36 +18 .18 w 8 W7 418 29 . 47 - 1 +97 -23 4+ 7 + 97 5 +135 + 6 +1h1 +126 + 16

+142



Zong Wo. . Existing Zones and Various Criteria Compared to Michigan Criteria
and, Existing Zones 1wz’ 1wk . 1<38 : 2z ' 2.3 - 2 - 3-3

‘Pirection Beg. End Total  Beg. End Total Beg.. . End Total 'Beg. FEnd Total  Beg, Bnd Total Beg Brnd Total Beg, Bnd Total 3eg. ~ End  Total .

Cou6 N +28 +29 +57 ‘ 735 +20 1% -35 +42 o+ 7 +30 =12 + 18 +30 +2b sl 112 o+ 31 +143

- S +116 + Lb #1162 =1 #3534k 20 - 1’3— +h o+ 34 + 53 3+ 50 +53 +21 . + 7 +168 + 15  +133

47 by + 30 4406 Hi36 -l +16 2285 .kl 415 - 6 + 9 ~17 - B8 + 9 +16. +25 + 97 i +113

5 « 10 -+ 18 o+ L -4l +36 -5 w il + 46 + 5 +21 =15 + 6 +21 + 1% + 4o +113 - 2 +111

Lg B + 57 +95 4152 -89 -38 107 w19 +26 + % <19 + b4z + 23 +26 + 1 427 + 26 + 29 + 5% + 60 + 27 + 87 + 9% + 25 +128

3 + 58 +27 +8% -7 «13 =91 -26 +279 + 1 -26 +53. +33 +51 -28 +23 + 51 +17 + 68 + 87 4+ 10+ 97 +137 - 17 +120

49 ¥ +350 +8 +133 - b -8 22 -31.+16 - 15 - 31 ‘.+ 44+ 10 v 21 w2t 0 + 21 + 28 -+ 49 + 05+ 22 458 4130 + 42 4142

3 + 40 +20 + 40 -98 -4l =139 -31 + 8 .23 - 31+ h42 + 11 +37 k2 . 5. + 37+ 17 + 5b +87 + B + 0% +15% -3 4155

50 i - 23 + 2é- - 1 :- 87 =35 «l02 - 4o+ 29 + 25 - b +é8 + & + 41 =16 + 25 + L1+ 25+ &6 + 87 +32 + 29 +125 + 29 +ish

5 83 + 54 4237 <131 =137 ikl - 21 +43  +22 w2l + 358 + 37 36 w12 o+ 24 + 36 + 10 + 44 + 45 + 13+ 58 +151 4+ 10 141

51 i +55 +40 495 -8l -1l 92 - 35 + 24 . 11 - 35 +37 + 2 + 26 - 12 o+ 14 + 26 + 21 + by + A9 + L0 +109 +136  + 1% <150

5 432 +35 +67 -8 -13 -5 -31 42 . 7 -31 +35 + & +36 186 +20 +36 + 20 + 55 +63 +28 +91 =133+ 15 +1k3

52 u + 58 +21 479 -2h +35 +12 -2b + 35 + 132 + 3] . 6 =+ 25 + 31+ 20 + 51 +117 + 33 150G

3 + 55 +21 + 74 wbz +31 11 -4z v 44 o+ 2 +20 =15 + 5§ +20 + 19 + 39 +109 + 2 +117

53 b + 92 + 53 +l25 - B = § =1k w 5 + 48 + 43 + 40 =34 o+ 8 +40, + 26 + 66 +132 4+ 28 166

5 +128 + 3 4131 «36 +22 -1k « 36 +49 + 13 + 40 -33 + 7 + Uy + 27+ 67 +139  + 25 416U

54 by +179 + 42 '+221 - 9 +25 416 - 9+ Ly + 35 +L2 - 29 13 + 42 + 21 + 63 +107 + 21 +128

s - +1k0 #1006 4240 - 10 +27 +17 - 10 + &7 + 57 + 21 26 = 5 +21 + B8 + 29 71+ 40 +113

55 by + 86 + 7 +93 -36 + 9 .27 - 36 + 26 - 10 + 30 8 + 22 + 30 + 16 + L& +1.05 725 4134

- + 56 + &0 L +116 w 65 +23 =37 - 66 + 353 - 13 +26 =~ 9 +17 + 26 + 18 + 44 +1hy 5 +ibh

34 ¥ +147 + L7 +i94 54 + 17 - 37 - 54 % 32 -22 +11 + 7 +38 + 131 + 18 + 45 +133  + 27 +15¢

3 + 7L+ 32 +106 - 56+ 22 - - &6 + 30 - 36 +25 + 7 4132 +25 + 15 + 40 +128 4+ 13 4138

57 ¥ +289 +152 ‘ 4l - g6 = 72 w168 + 10 + 23  + 133 + 10 + 46 + 56 +.10 - 18+ 12 +30 .+ 30, + 80 +104 + 27 +131 +140 + 38 +178

3 +Hoo + 8 +i02 ~104 - 92 L1956 -0 F18 + 8 - i + 63 + 53 +51 -62 =11  +51 +35 + 85 + 56 + B 41tk +162 + 16 4178

58 hig +275 209 452k -3% =12 .51 +43 - 1 447 + 48 + 13 + 61 + 72 - 1 7L + 72+ 39 +11t +111 4130 241 +15¢ +140 4319

3 3T+ 18 392 -85 =109 =194 -&2 -10 =72 - 62 + 60 - 2 + 40 - 86 «if + 4o o+ 23 + 65 +65 -5 + 6 +200 - B8  +i92

59 i +166 + 71 4237 -39 -23 w8z 23+ 14 ] - 23 + 50 + 27 +131 =33 . 2 +31 +20 + 51 + 86 +32 4118 +106 - 2 +i0k

s 43L9 #5645 -4 + 6 - 3b =30 +28 2 - 30 +350 4+ 20 +25 =17 + 8 +25 +16  + 41 +90 + 33  +iz3 +115 Lo+t

40 X +156 + 62 4218 0 + 9 g 0 +37 +37 + 40 w19 4+ 21 + 40 + 27 + &7 +156 + 37 +193

S 4312 + 33 345 -25 +20 < 5§ -25 +49 + 24 + 51 40 o+ 11 + 51 + 21 + 72 +186° + 17 . 123



zone Mo, . - Existing Zenes and Various Criteria Compared tb Michigan Criteria | )
Existing Zones . 1a~2 1w o 1.5 ' 2 -2 2 -3 2wl 1.3
‘Direction Beg., 'End Total  Beg. #nd Total Beg. BEnd Total: : Beg,  End Total - Beg.. End Total 3eg, End . Total Beg., End  Total Beg Zod  Total
61 N L4192 + &9 4261 ] - 17 - bg + 852 4+ 7 +21 - 2'2 . 2 + 21 + 11 + 32 121 - 11 4110
- s 42k 533 4277 w18 +21 + 5§ - 16 +38 422 +35 -1 421 +35 417 + 52 +105 4+ 11 .- +116
62 W 4232 4221 53 -199 + 9 +28 w37 kg sk 455 +59 - 8 451 + 59 +6k 23 ¥189 - 88 4253 +222 +160 4322
"3 +302 " + 56 4358 193 + 3% - 1 +133 + 34 + 56 + 90 +100 - 51+ kg +100 + 39 +13G +225 + 5i 4276 +230 + G0 290
43 M +171 + 30  +201 - 36 +13 & 23 a 36- + 28 - 8 + 26 -15 + 11 + 26 + 10 + 36 +121 + 1 +131
3 H23 447 #1170 =43 +32 .13 .48 +39 - 6 420 - B 416 +20 +24 Ak 105 + 24 4129
& by +189 + 33 4222 -3+ 4 L2% “ 31, +32 . +32 26 + 8 +32 + § + 38 + 07 + & +33
_ 3 + B+ 15+ 7 -4y + & b3 - b4 +32 - 17 +16 - 25 - § + 16 + 14 + 30 +106 14 +120
85 iy + 60 +30 + 90 -4 - 17 - 63 .30 4+ 1. .18 - 30 + 43 + 13 +26 «36 w10 +26 +18 - +L44 + 53 + + 54 +126 18 1
3 +i41 + 19 #1640 w B w13 .57 .30 + 15 - = 15 - 30 + 48 + 16 + 20 -31 w1t + 20 + 9 + 29 +73 + 9 +382 +100 = 10+ 50
66 - ¥ +158 + 40 194 - 5 + 11 + .6 - 5.+ ko + Ll +30 w3 - 6 + 30 A+ 21 + 51 +129 + 21 +150
3 +203 + 54 +257 -4 -3 - 7 - b o+ 65 + 81 + 26 <87 o4l + 26 + 28 + 54 +106 + &  +1i4
&7 ® + 76 + 42 +118 -51 + 3 .43 - 51 + 35 ~ 16 +25 «18 + 7 +25 + 18 . +43 $113 + 18 - +131
] +30 + 3 #1133 ~ Ui+ 27 SJas -4y +37 - W +20 + 3 +23 + 20 + 13 + 33 + 597 + 11 +108
&8 W +17 +23 + 40 - 67 +12 - 55 - 67 + 28 - 39 + 15 =12 + 3 + 15 + 13 + 28 +109 + 13 +122
5 +12 - 3 + 7 -57 +16 -4 - 57 + 29 28 +2L - 6 +13 + 21 + 13 + 34 +13i1 + 13 +124
&9 s + 76 + 30 +106 w30 +20 =10 - 30 + 32 + 2 P T R 30 + U1+ 12 + 53 +140 + 9 +149
57 - 3 +132 +2% - b5 +15 - 30 - b5+ 33 - 12 +25 =17 + 8 +25 420 . +Us +126 + 20 +146
70 i + B2 0+ 82 Lé 0 - 46 -b4z +16 -26 - Lz + 30 - 1z +19 - & -+ 1% + 1 + 11 + 30 + 53 +22 + 82 +93 + O +102
3 + 56 + 1 -+ 70 % -9 -7 - 35 + 10 =45 ~35 +37 .18 +20 =28 - 1 +20 + 18+ 204 + 65 + 1+ g +119 + 1k +133
71 7 +583 9 +257 +256 +237 4292 " 4398 4389
= il 0 _ +265 4351 +204 +328 +413 83
72 T 359 + 6 =353 -132 - 30 162 - 65 +13 .52 w65 +29 =36 +15 =« 8 + 7 + 15 +16  + 31 +13 - 7 + 6 +125  + 16 0+
£ -9 11 .20 - 75 =24 =99 =35 + 16 w19 - 35 +26 “ 9 + 26 - 3 +23 + 26 + 14 + Lo + 22 o+ 1 o+ L1 +104 + 27 4131
73 o + 10 + 16 + 26 +10 +17 +27 -+ 10 + L7 + 57 + 50 -23 + 27 + 50 + 24 + 71 +160 4+ 3. +169
E +179 . 10+ 189 + 20 + 17  +13% + 20 + 57 + 77 +8 w42 o+ 133 + 81 +29 +110 +180 + 5§ +18%
7 s o+ 1 + 1 - 65 0, =65. =65 + 9 - 56 +20 - 5 +15 +20 + 3 + 23 +120 + & +126.
B w20 w1l - 31 =8 + B8 -3 - 81 +27 - 54 +15 w 7 + B + 15 + 1C + 25 +120 + 10 +130
75 s - 35 0 - 35 170 W12 1327 .50 +12 - 38 - 50 +'38' - 12 +20 -24 .- 4 + 20 + 19 + 39 -65 +30 =33 +115 + 19 +13L
-37 3 -3 0% -35 -a139 0 .29 +18 .11 -29 +37 + & 425 =12 +13  +25 +10  +35 - 3 +28 +325 +95 - 3 +52



Existing Zones and Yarious Criteria Compared to lichigan Criteris

Zone Yoo
an Existing Zones I w2 1 - 1 -5 2 -2 . 2 -3 2 -l 3 -3
Direction Beg.  Fnd  Total  3egp. BEnd  Total Beg.: Znd Total Deg, End Total Beg. End  Total Rog, Endr‘ Total Bee, ©nd  Total e BEnd  Total
7% Hooa15 -3 - 46 ' “BS -2 87 | -85 +5t -3l +h0 -86 w46  +5h0 +21 61 +165 + 21 +18
B 4183 - & 4177 +31 + 9 +40 + 31 + 35 + 66 +58 - 6 452 + 58 + 29 ot 37 +122 + 50  +i72
77 E} ~119 « 20 =139 - 45 4+ 12 ~33 - ks o+ 36. -9 +20 =29 - § +20 + 19 + 39 +130 + 15 +i4g
B w1385 - 4 wlbd - 25 + 26 + .1 - 25 + 34 + 9 - +21 =10 +11 - +21 =16 437 ‘ + 75 + 3+ 80
73 " +20 ~11 + 9 o BO. - 3k L114 - 5 +12 + 7 - 5.+ 33 + 30 +30 ~22 + & w'3é + 17 + b7 + 30 w13 +17 +110 + 17 +127
E  ~=25 =10 =35 ~101 - 26 -127 - 26 +16 =10 - 26 +HL 415 +30 -12 + 18 +30 +18 £ LB 22 ot 7 F29 +10¢ + 18 +127
o) 9 wkh 413 =31 - 60 +26 -3 “60 +3  -26 420 - 1 +19 +20 + b+ W +125 413 +138
E «136 - 23 -159 w6l + 19 4y w B4+ 28 - 36 +th . 1 +13 + ik o+ 1 + 28 +igh + 22 +126
80 W =112 - 51 163 w120 - 7 w10% A 50 w18 . 68 -50 + 3 16 +30 -85 - 23 +30 + 17 + Ly - 15 .51 - &6 + 8 +15 +23
b} 43 10 .53 - U5+ 26 - 19 -3 +11 0 - 23 - 34 + 38 + 1 +26 - 9 +17 +26 +23 + 4o 79 4+ 61 +140 +92 + 43 +1Ml
81 g 4150 0 +150 - 60 +2 35 - 60 +B7 .13 +20 <11 %+ 3 +20 428 4+ 44 + 85 +13 + 78
T+ 21 -7 .57 -3F +14 - 20 - 34 "+ 57 +23 +30 =38 - 8 - +30 +29 + 59 S 4127 428 4155
z2 E + 70 w12 + 28 =Ly + 22 - 17 - 4g + 353 + 13 +35 -133 + 2 + 35 + 14 + hg +180 - 20 4130
2 4129 .13 118 + 5 415 +20 + 5 435 + b0 + 50 - 10 + 40 + 50 + 21 + 71 +131 4 25 © 415G
23 W -133 - 4 .137 w85 o+ 1 - 55 ~ 63 + 17 w U3 + 15 - 10 + 5 +15 + 2 + 17 +105 4+ 16 41721
B - 77 - 52 -129 -85 +13 .52 w65+ 28 -3 + 15 o 5 + 10 + 15+ 1+ 29 +126 + 1% +140 .
ok W - 35 -31 116 “ b5 4+ 5 .l - 45 + 29 - 16 + 20 =19 % 1 + 20 + 11 + 31 #5105 + 11 4115
3. -32 =33 -85 4o+ 18 w2 «k0 +32 - 8 +26 -1 413 +26 + 1+ . +110 + 1h 4124
35 5 =150 + 85 &5 -108 - 7 182 oLy o+ 25 - 18 -4h + 52 + 12 40 =21 + 19 + 40 + 39+ 79 +12 + 27 +139 +125 + 56 +181
W +115 + 8 +123 113 - 24 137 +16 +10 + 2 + 186 + 31 + L7 + 70 - 17 453 + 70+ 12 + 22 +837 + 8 +95 +208 + 12 +217
24 I 0 -2z w22 - 30 +16 - w1k -30 +36  +. 6 +3C - 15 +15 +30 + 21 + 51 +130 + 34 +184
= 87 - 55 4332 -30 + 5 =25 - 30 + 42 + 12 + 40 235 + 5§ + 40 + 18 + 58

+149  + 7 4458



APPENDIX C -

ZONE LENGTHS

- 48 -




' Zone Lengths:

Zone No. . : ¥ /
and ‘Existing - =~ 2~1 o : : ' '
Direction Zone ~ (Mich.) - 1-2 1-4 -5 = 2-2  2-3.
1 W . 794 698 - 649 667 701 729
B 019 . e41 609 612 664 - 673
2 W 745 542 . 554 573 558 601
E 745 . 556 551 590- 556 620
3 W 1074 837 665 792 817 838 873
E 1008 760 - 649 . 707 729 753 789
4 W 949 735 672 677 - 750 760
g 942 179 94 . 716 761 795
5 ' 1015 . 775 | 715 722 793 802
E 944 757 710 717 - 778 781
8 W 975 825 - 806 822 842 862
E 1152 858 - . 841 870 - 857 903
7 W 908 544 . - 435 486 538 486 . 584
B 825 343 - 340. 398 407 - 383 404
8 N 815 = 613 - 521 597 . 614 = 636 - 659
s 820 707 | 596 . 672. 701 . 715 759
9 N 856 780 - 713 ..728 769 792
s 875 728 . 674 688 132 1752
10 N . 83 764 - - 716 . 726 716 7187
. s 876 . ' 780 | 714 727 . 7187 - 804
11 N 1177 . . 280 262 1017 1159 - 947 . 1130
| 5 1194 - 365 194 1054 1110 1004 1104
12 N 756 - . 563 | . 543 569 577 616
: 5. 757 571 509 © 531 574 © 624

Existing, by Michigan Criteria, and by'VaridusrCri;eria.

804
672

626 .
484 .

656

750

408

505

s
|
W

834

789

691
708

963

885
920
301

897

869 -

942
983

684

- 465

749
863

892

848

903

815 .

1165
1069

726
729



;flGQ -

Zone No.

and
Direction
13 N
S
14 N
3
15 N
S
16 N
S
17 N
| 3
18 N
3
19 N
'S
20 N
- S
21 N
‘o3
23
24 N

wnz w2

T 801

Existing 2.1 -
Zone (Mich.)
555 . 437
548 453
654 547
648 547

1778 1340
1496 1413
416 ' Did Not
424 Apply
638 532
705 533 -
860 773
016 803
683 616
687 594
653 539
750 606
727 570
577 611 -
931 778
815 759
816 1461
804 1426
911 876

884 .

. . Zone Lengths:
.Existing, by Mic¢higan Criteria,

12 1-4

430
455

475 507
475 514

11404

1371

Did Not 279

Apply 282
508

‘504

734
757

. 5868
504

476 531

515 568
552
580

726,
- 708

1403

. 1425
808 826

- 785 838

1-5

458
488

530

536

1421
1411

330
322

531

528
752

778

‘596.
- 615
- 5561

603

577
603
741
726

1423

1441

836

855 .

2.2

et

430

456

540
560

- 1386

1329

356
261

542

539

. 783
813

610

613

551

608

587
616

783

761

1458
1469

884

895

2-3

and by Various Criteria

468

513
572 .

390

1407
1451

356
319

. 876
585

807

838

659
645

575

" 656

618

653

807

791
1496

1485 -

898

915

. 608

623 -

434
369

606 -

- 673

024

940

3-3 -
552
597

672
684

1477
© 1476

466
358

694 -

693

867
927

759
748

651
760

697
744.

914
882

1591 |
1585

994

1014




: , ane Lengths: -
, : Existing, by Michigan Criteria, and by Various Criteria
Zone No, o : ' - ' L

and Existing -2-1 _ _ S

Direction - Zone “(Mich.) 1-2 1-4 1~5. 2-2 2-3 2-4 - 3-3
25 N 836 . 696 . . 642 660 700 - 726 832
| s 661 618 600 608 642 757 759
26 N 996 617 | 610 650 639 715 | - 782
S 760 602 | 593 658 625 - 697 838
27 N 873 803 B 782 809 796 ga2 930
‘ 3 772 . .781 . . 775 809 768 836 937

28 N 514 431 436 - 469 438° 487 602

3 460 452 452 486 - 460 520 .- 612

29 N . e32 732 595 748 794 768 823 866 650
. 5 003 - 751 602 751 799 767 832 - 872 960
- 30 N . 1090 1030 1011 1033 1042 1078 1177
= o 5 1137 1011 983 - 1008 999 1051 . 1136
;— I - . R . N . . . ' - " " . -
- 31 N 642 . 713 . 877 e84 - 735 - 747 - 839
s 528 651 - 634 648 €76 696 - - 787
392 N 1800 © 1345 . 1323 . 1357 1354 1395 1490

_ 3 1389 i271 1238 1261 . 1238 1283 1343

33 N 772 649 o 684 897 614 = 695 - 822

'S 724 647 - 676 T3 . 632 710 - . 880

34 N - 875 800 - 756 - 770 809 833 | 908

s ‘739 . 815 .. 758 778 824 847 039

35 N -§23 - 489 - 482 500 521 548" 651

3 608 - . 537 o 523 . 558 556 614 719

36 o 530 . Did Not Did Not 252 275 - 192 242 - | 434 306

3 511

Apply Apply = 328 377 255 402 | 418 - 516



ff ¢G

Zone No.
and .
Direction
37 H.
3

38 W
-

pa ]

G M
3

)

40 N
fom |

P}

471 Il
o

42 N
3

43 o
3

L4 W
K

45 "
o)

e

48 )
’ 3
47 N
Q

()

43 H
. 3

Existing
Zone

760
708

644
691

378
7E6

460

4373

421

573

1332
1180

2-1

. (Mich 1-2
772 722
835 718
720 834
780 610
733 660
747 €34
414

446
482
4835

1128 1013

1155 933
777 43¢
766 . 456
814 689

760 7086
568 400
542 534
511
444
774

760
487 278
474 38

_ A Zone Lengths: .
Existing, by Michigan Criteria, and by Various C

 1-4

738
779

708
TC0

GE5
657

417
387

463
4E5

1141

1135

757

779

738

. 697 .

341

513

496
464

749
755

490

473

448

458
507

. 1188

1168

838

838

743
701

362
341

518

478

768

765

506 .

507

riteria

2.3

810
35¢

796
858

T5Y
T80

492

489

5377

531

12062
1208

S5

830

820

776

€61
€44

- 563

518

798
800

3
4

Ut Uit

R

115
1127

815
- 893

829

846

664

683

570

L

571

W
I
)

W) W
Loy o)
@O

3]
3

IRty
[N

o 0o
BN

W
L S

«3 b



- gg -

Zone No,
and ‘
.Direction
49 N
5

50 N
5

51 N
3

52 N
5

53 N
S

54 'K
5

55 N
S

56 N
3

- 57 N
S .

58 N
‘ 3
59 N

n '3
80 N

£a =

EXisting
Zone

630
564

456

- 698
- 703

877

788"
783
557
551

1002
920

650
677

514
81¢

738
729 -

740

693

652

10921

538

- 718

2-1

(Mich.)

497
504

457
461

608
610

709
- 707

432

426 .

781
680

557

361

720
713

297
321

216

301

715
‘B86

371
373

1-2

375
365

355
317

© 516
512

12¢
125

165

107

653

652

' Zone Lengths: - _ E
Existing, by Mickigan Criteria, and by Various

1-4

482

481

482
483

587
603

721

696
418

406

797

687

530
524

- 683
669

330
329

263

229

7086

684
280

368

1-5

507

515

521
498

610
614

741
709

475

433

816

737

547
548

608
677

353

374
277
299

742
706

408
397

Criteria -

) 2.3
497 546
499 558
482 593
485 - BO7
622 855
630 6g6
734 760
712 746 -
438 498
427 487
794 844
675 700
579 603,
578 6053
758 769
745 753
309 357
310 407
287 = 327
255 3566
713 766
694 727
302 438
384

445

2-4

5895
529

+ B546

519

717
701

428

425

457 -

307

833
809

20%
781

601
705

880
851

475
499

535
293

819 -

797

564
556 -



' Zone Lengths
Fx1st1ng, by Mlchlgan Criteria, and by Various ﬂrltarla

Zones No. ) S
and ' Existlng ' . 2-1

Direction - ‘ Zone ' “(Mich.) 1-2 1-4 1-5 2-2  2-3 2-4 3-3
61 N 751 490 473 497 488 522 | 600
8 - 729 | . 432 457 474 472 504 | 568
62 N 652 . 199 Did Not 238 282 250 322 454 521
5 551 - 193 ipply 226 283 242 332 469 . 483
63 N 830 - 629 .- 06 621 640 . 665 760
. S 805 635 - 622 629 . 651 879 . 764
64 N 780 ° .. 558 531 558 564 596 651
s 747 668 625 651 659 698 788
85 N 990 | 900 837 884 913 890 944 954 1044
S 1015 855 .. 798 840 871 844 884 937 545
' 66 N 1212 £ 1018 1024 1062 1012 1069 - 1168
o s 11248 Te91 . e84 1052 950 1045 1105
. 7 N 826 - - 708 o 665 692 715 - 751 839
s 769 . e3 . 622  e32 650 _ 669 744
68 N 67 . 727 - . . 672" 688 730 - 755 849
s 727 - %20 ~ . 673 692 735 754 844
69 N 670 - - 564 . 554 - 566 s04 . 617 713
s 634 - 605 -~ 575 593 613 €50 751
70 0 N 672 . 590 - 544 564 578 601 - 620 672 692
| s 73t .. - 661 -~ 588 616 643 660 . 695 740 794
71 W - 683 .- Did Not Did Not 257 @ 296 237 292 398 389
_ E . 448 . Apply  Apply 265 351 246 388 418 - 463
74 wo . ser 744 582 692 708 751 . 775 750 885

B - . ....8533 _ 673 574 654 664 =~ 696. = 713 714 - 804



| Zone Lengths: | o
Existing, by Michigan Criteria, and by Various Criteria

Zone No. . : . L
and Existing . 2-1 : o _ :

Direction. . Zone. - (Mich.) . 1-2 1-4 1-5 = 2.2 2-3 2-4 3-3

73 W 355 . 3298 . 356 386 356 400 | 498

2 a77 . 308 = ' 345 385 347 . 418 493

74 w 765 764 ‘ 699 708 779 787 820

B 762 | 793 720 739 801 = 818 923

75 i 610 645 463 607 - 633 641 684 609 779

5 596 830 491 619 638 643 665 - 655 722

76 W 425 471 - 384 440 425 532 . 657

% 551 - . 374 414 440 426 461 546

77 W 531 . -670 . 637 661 661 709 819

| | 5 745 . 576 - 577 . 585 587 613 656
o788 W . 490 © 481 367 488 ' 511 489 528 498 = 608
o E 496 . 531 404 - 521 546 548 579 560 658
79 v o 771 802 S 768 . . 776. 821 .83 932
E . 618 - T . 732 741 - 790 - 805 | 903

80 W 458 621~ .427 553 605 596 666 555 644
B 510 ' 563 544 - 540 . 564 580 612 703 704

81 w 465 313 970" 302 324 © 359 . 393
T E 379 . 436 | 416 459 = 428 495 592

" g2 W 500 442 425 455 444 = 491 . 572
E 495 - 379 7 399 419 ale . 450 . 455

83 W 752 885 834 . 841 = 894 - 906 1010

- F 748 878 826 841 894 906 J 1018

84 W 505 - 621 | 581 605 . 622 652 - | 737

- 511 576 554 = 568 591 616 700



and

PDirection

85

886

=95 -

Zone No. -

L
E

W

Zone Lengths

Ex1st1ng, by Mlchlgan Criteria, and by Varlons Crlterla

'EX1st1ng

Zone

970
1159

486
811

1-2 -

2.1
(Mich.)

1035

1036

508 369 .

479 551

1.4

1020
11062

494
454

1-5

1047
1083

514

491

2.2

1054
1089

523
484

2”31‘

537

2.4
1114
1118
559 590
781






