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ABSTRACT

A contrqf]ow lane is in operation on I-45N in Houston during both the
morning and afternoon peaks. Operation of that lane requires taking a Iane
away from the off-peak direction mixed-flow traffic to serve as the contrafiow
lane. It was recognized at the outset that, at some time, off-peak direction
traffic would become sufficiently large to cause continued operation of the
contraflow lane to be undesirable; contraflow was never intended as the long-
range improvement for the cofridor. This report evaluates demand/capacjty re-
lationships in the off-peak directfon of flow dnd estimates the year in which
it would be desirable to terminate contraflow operation. Alternative actions

that could be taken at that time are also evaluated.

Key Words: Priority Treatment, Contraflow Lane, High-occupancy Vehicles.
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SUMMARY

During the 1970's, Houston was the fastest growing major city in the
United States. The I-45N corridor (Figure S-1) was one of the high growth
regions within the Houston metropolitan area. Over the past 10 years, that
corridor experienced annual increases in population, housing, and employment
in the range of 6% to 9%, rates about twice as great as the growth rates for
Harris County as a whole. Projections call for a continuation of intense
development in this corridor. The I-45N corridor serves major residential
growth areas plus- other- significant developments such as the . expanding
Intercontinental Airport; daily auto traffic to the airport is projected to
continue increasing at annual rates of 6% to 10% for the remainder of this
century. Significant new office development 1is also taking place in the
corridor; an additional 4,000,000 square feet of office space is planned to
be constructed along North Belt alone by the end of-1983.

As a result of this substantial growth, corridor traffic volumes have
increased; these volumes typically grew by 3% to 10% per year during the
1970's. As the 1980's began, I-45N had become one of the most congested
freeways in the state. :

In response to the mobility problems developing in the I-45N corridor,
" in the mid 1970's the State Department of Highways and Public Transportation
began planning short-range highway-related improvements. Jointly with the
City of Houston's Office of Public Transportation (now the Harris County
Metropolitan Transit Authority) and using an Urban Mass Transportation
Administration Service and Methods Demonstration grant, it was decided that a
- contraflow lane would be provided on 1-45, and that authorized buses and
~ vanpools would be allowed to use the lane. - This represented the first
- significant action taken in Texas to provide priority treatment for
high—occupancy vehicles. The I-45N contrafiow lane is the longest such lane
in the nation, and the only contrafiow fac111ty to operate dur1ng both
morning and afternoon peak periods. :

The Concept of Operational Life

The contraflow concept involves taking a Tlane away from off-peak
direction traffic and reserving that Tlane. for wuse by authorized
high-occupancy vehicles travelling in the peak direction. Thus, for this
concept to be viable, a significant directional imbalance must exist during
-peak- periods; that 1is, traffic volumes in the peak direction must be
con51derab1y greater than volumes in the off-peak direction.

when.p1anning first began for contrafiow, the ratio of peak direction
volume to off-peak direction volume during rush hours was about 60/40. It
was recognized that, with the Tlarge growth to the north in the I-45N
corridor, this directional imbalance would be reduced over time. At some
point, the off-peak direction volumes would increase by a sufficient amount
that, by continuing to take a lane away from that traffic for contraflow,
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traffic would be wunacceptably impacted and delay costs would become
prohibitive. :

For this reason, the contraflow lane was never intended to be a
permanent improvement. It was established as a short-range improvement
designed to enhance corridor mobility until such time as a more permanent
improvement (i.e., physically - separated median lane for authorized
high-occupancy vehicles) could be made operational. It also provided an
opportunity to monitor public acceptance of that improvement prior to
committing more monies to such projects.

Since contraflow opened in 1979, traffic volumes in the of f-peak
direction have increased. It is becoming apparent that, in the not-too- -
distant future, traffic demands in the off-peak direction will require all
capacity available. At that time, it would be desirable to no longer use an
.off-peak direction freeway lane for contraflow. The desirable operational
Tife of contraflow has then ended. S

Time Frame for Discontinuing Contraflow

"Figure S-2 shows selected traffic demand versus traffic capacity
relationships for off-peak direction traffic in the I-45N Corridor. At the
point where demand equals capacity, it would be desirable to terminate the
contraflow lane operation. Based on the data in Figure S-2, it appears that
such a condition will effectively exist by 1985, if not sooner.

Alternative Futures for the Contraflow Lane

‘ At the time (by 1985) that the desirable contraflow life has ended, any
of three actions could be pursued. ' A summary of -the impacts of these
alternative actions is-shown in Figure S-3, Table S-1, and Table S-2. p

Continue Contraflow Indefinitely

Due to the large volume of persons using contraflow, it would be
difficult to discontinue the operation. However, continuing to use
contraflow will create considerable congestion and delay costs for off-peak
direction traffic. Congestion in the off-peak direction would become nearly
as intense as peak-direction congestion. It appears that, by 1983, it would
be more economical to replace contraflow with a new median facility than it
would be to continue contraflow operations (Figure S-3). '

Eliminate Contraflow WithOUthep]acement

, This alternative would "dump" all of the contraflow traffic back into
the .peak direction mixed-flow lanes. The result would be a massive increase

:
i
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Tabje.SFl: Estimated Benefit/Cost Ratio Assoclated With
Alternative Contrafiow Actlions, 1981-2000
Analysis Period

Alternative Action Benef it/Cost Ratio
Terminate Contrafiow With No Replacement - -28.8%
Replace Contraflow With a Separate HOV Lane A 7.7

¥The b/c ratio Is negative since the change in benefits associated
with this alternative is negative, :

~in  total congestion and delay cost, since the increased delay to
peak-direction traffic would be much greater than the delay savings to
off-peak direction flow. Such an action would have negative impacts on the
public transportation system, and this alternative is the most uneconomical
action that could be taken (Figure $-3). The length of the freeway over
which traffic s heavily congested during peak periods. would extend an
additional 3 to 5 miles due to dumping contraflow traffic back into the main
lanes, A1l traffic travelling that section would experience a 12 to 20

minute increase in travel time. As shown in Table S-1, negative benefits
are associated with such an action.
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Table S-2: Major Advantages and Disadvantages to 1-45N Corridor
Traftic Associated with Alternative Contrafiow Actions

Alternative Action Major Advantages Major Disadvantages
1. Continue Contrafiow e Priority treatment e High opsrating costs
malntalned remain

" @ Off-peak direction
traffic severely

impacted
2. Terminate Contraf low e No capital or ® Massive Impacts on peak
' operating costs : ‘direction traffic

Incurred for pri-

ority treatment e Decreased bus produc-
tivity

o Improves off-peak

direction traffic o Negative impact on

flow public transportation
system

olegth unfavorable net
:cost

3. Replace contraflow e Maintalns priority e Initial capital cost
with median treatment ($50,000,000)
priority lane

o Improves of f-peak .

direction flow w/o
negatively affect-
Ing peak direction

e Favorable benefit/
cost ratio

Replace Contraflow With a Median Authorized'Vehicle'Lane

This alternative continues provision of priority treatment. That
treatment is provided in a safer, more permanent manner.

‘This approach benefits both directions of traffic flow. The lane
presently used by contraflow is returned to serve mixed flow in the off-peak
direction. The traffic presently using contraflow uses the median priority
lane and, therefore, is not added to the peak-direction traffic stream. A
positive public transportation improvement remains in place. This. also
appears to represent the. optimum action from an economic standpoint (Figure
S-3). The analyses suggest the lane should be replaced in 1983; a positive
benefit/cost ratio (7.7) would accompany such an action.

. Recommendation

» The present contraflow dperation should be discontinued within 2 to 4
years. A median, physically separated authorized vehicle lane should be
provided to take the place of contraflow within that time frame.
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IMPLEMENTATION STATEMENT

This brojeét is oriented to assist the Depértment in pianning and imple-
ménting priority treatment techniques for high-occupancy vehicles. District 12
_(Houstdn) of the State Department of Highways and Public Transportation is in
‘the process of planning future improvements in the I-45N corridor; one possible
improvemerit will be replacing contraflow, which was always intended as a short-
range improvement, with a more permanent high-occupancy vehicle improvement.

An 1ssue.facing the‘District in this p]anningfprocesé involves assessing
the ober&tiona] life of contraf]ow. That is, how long can a freeway lane be
taken away from off—peak difection traffic without unduly hindering that
traffic. This report wés specifically oriented- toward assisting the District

in that effort.

DISCLAIMER

The contents of this report reflect the views of the authors who are re-
sponsible for the opinions, findings, and conclusions presented herein. The
contents do not necessarily reflect the official views or policies of the
Federal Highway Administration. This report does not constitute a standard,
~specification, or regulation. : ‘
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INTRODUCTION

The contraflow lanel, located on I-45N (Figure 1), represents the
first major action taken in Texas to provide priority treatment for high-
occupancy vehicles. This pridrity lane serves a major growth area, including
the Woodlands, Conroe, Northern Harris County, and the Houston Intercontinental
Airport. The contraf]ow-lane-has been successful and has experienced rapid
increases in utilization. Trends in lane utilization are shown inAFigures 2 and
3. At pfesent, during the peak hour, the contraflow lane moves as.many

persons as do two mixed-flow freeway lanes.

The Issue of Operational Life

The contraflow concept takes a Tane away from the off-peak direcfion
f1ow_andvre§erves that 1ané for use by authorized high-occupancy vehicles
traveling in the peak direction. As a result, for contraflow to be an
épplicable priorﬁty'tfeatment,,a significant dfrectional imbalance jn traffic
flow must exist during peak operating periods?2. | . | |

IptenéiVe planning foF the I1-45N contraf]ow 1ane began in the mid—]970's.
At-thaf timé, the>peak—period directional split was in the range of§60/40.

It was recognized, however, that the tremendous growth fo the north would
reduce this directional imbalance over time. At some point, the directional

imbalance will become sufficientlyAnon—existant that, by continuing to take a lane

L' A thorough déscription of the contraflow Tane and an evaluation of the
first year of operdtion are contained in Research Report 205-9 entitled
"Evaluation of the First Year of Operation, I-45 Contraflow Lane, Houston."

2 Additional discussion of this requirement is included in Research Report
205-8 entitled "Preliminary Evaluation of Applicable Priority Treatment
Techniques on Existing Urban Freeways in Texas." ?
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- from off-peak direction traffic for contrafliow, traffic would be
unacceptably impacted by the imposed constraint on available capacity.

For this reason, the contraflow lane was never intended to be a
| permanent improvement. It was established as a short—range improvement
~that would enhance mobility in the corridor until such time as a more
permanent improvement (e.qg., physieaT]y separated median authorized
vehicle lane) could be made operational. The contraflow Tane would also
provide an opportunity to test public acceptance of pr1or1ty lanes prior
to comm1tt1ng further monies to such improvements.

Since the contraflow lane opened in August 1979, not only has contra-
flow traffic incneased but se have traffic volumes in the off-peak direction.
It is becoming apparent that, at some time in the not-to-distant fnturE,
traffic demands in the offépeak direction will exceed available capacity to
serve that traffic. At that time, it would be desirable to no longer use an
off-peak direction freeway lane for contraflow; in effect, the desirable
operationaT 1ife of a contraflow lane has ended when this situation -exists.
At that time one of three actions can be taken. The contraflow lane can
continue to be operated w1th severe impacts on off-peak direction traffic.
The contraflow lane can be d1scont1nued with severe impacts on peak- d1rect10n
traffic. The third alternative is to replace contraflow with a permanent,
;median hfgh—occupancy vehicle 1ane; that alternative allows all offfpeak
direction mixed-flow lanes to serve mixed-flow traffic and also continues
to provide a priority treatment lane in the peak direction.

Planning has already been initiated to replace the contraflow Tane
with aneexc]usive, physically separated median authorized vehicle léne.

The urgency of this planning‘pnocess is directly related to the operational

life of the contrafliow lane. Once that improvement is provided, a]! of




the mixed-flow lanes will be available to serve'Mixed-flow traffic during
peak periods.

In order to assist in this planning procéss, District 12 of the State
‘Department of Highwayé and Public Transportation requested the Texas
Transportafién Instftute to evaluate the operational 1ife of the contraf]ow
lane. Thét evaluation, which is largely a demand-capacity analysis of -
‘off—peak direction traffic, is presented in this report. It is intended tb
identify the approximate time frame in which it would be desirable to |
cease the operation of the contraflow lane. The résults of this study
3qggest'thdt, at-that time, the only realisticAaction to pursue will be»
to replace cohtraf]ow with‘a physically separated median lane, thereby
‘continuing priority freatmént while also letting off-peak direction

traffic lanes serve only mixed-flow traffic.

The Study Corridor

‘While the contraflow lane is physiﬁa]ly located on the. I-45N facility,
this is not the only roadway in the corridor aVai]ab]e‘to serve off-peak -
direction traffic. Accordingly, the demand-capacity of -alternative foutes
in the fo—péak'difection was also evaluated 1ﬁ_identifying the’operAtiona1
Tife of_cbntraflow:

Some a]fefnative_routes are ﬁore attractive asAdiversionary routes
than othersf' As a result, demand capacity ana]yées are performed for each
of the roadway.claSéifications shown below:

e I-45 Mainlanes and Frontage Roads

e Primary Corridor Routes. These are the routes to which diversion of
I-45 traffic is most likely to occur, and include N. Shepherd and
Airline.




e Secondary Corridor Routes. These routes, due to their location, are
not highly attractive as diversionary facilities but, as the capacity
of I-45N and the primary routes becomes fully utilized, are likely
to serve some traffic diversion. Included in these facilities are
West Hardy, Irvington, Fulton and Yale.

The location of all these facilities is shown in Figure 4. For purposes of
analysis the critical secfion was considered to exist between N. Shepherd
and Crosstimbers. This is presently the most congested section during p.m.

contraflow operation.

Study Objectives

The time at which contraflow should desirably be replaced by a median
authorized vehicle lane is a function of two major concerns. The two primary

study objectives are intended to quantify these concerns.

Objective 1. Assessment of Operational Life

The operational 1ife has been defined as the future time at which
vehicular travel,demand during_peak periods in the off-peak direction
~would equal ayailable caba;ity. The evaluations presented in this'report
are performedkfor é vériety of time periods (peak hour, two hours, three
hours). A1l of the roadway facilities identified ih "The Study Corridor" ° N
- section are addressed in the evaluation. The analyses address the off-peak

~direction traffic flow during the p.m. peak period (southbound traffic).

~Objective 2. Impact of Contraflow Closure

An alternative would bé, once the operational life of contraflow has
ended, to discontinue contraf]owijthout providing a replacement priority

treatment for the high-occupancy vehicles presently using contrafloW; This

- would, among other things, require "dumping" all the éontraflow traffic back
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into the peak-direction mixed-flow lanes. Impacts of such an action are -

identified in this repoft.

Study Design

The evaluations presented in this report consist of the four phases

shown below.

Phase I. Data Collection

A. A review of existing data and an assessment of current conditfons

~in the study’corridorrin terms of the following.

1) Current travel demand within the_corrfdor.

2) Current foadway capécities within the cbrfidor.

3) Curfeht travel t{mes Within the corrfdor.

4)-Cf1tica1 intersections/interchanges inAthe corridor.

5) Available traffic forecasts.

6) Current and potentia] development within the corridor.
_7) Current and projected socio-economic characteristics of the 

corridor (i.e., population, households, and employment)fE'

Phase II. Data Analyses

~A. Preliminary jdentificatidn of trends'and data inconsistencies.

Phase I1I. Development of Forecasts

A. Identification aﬁd‘evaluation of possible trends.

B. Identification and selection of probable trends.

C. Preparation of forecasts.




Phase IV. Implications of the Traffic Forecasts on Contraflow Lane Operations

This evaluation was performed td determine the following:

A: The operational life of the contraflow lane under a range of possible
.traffié growth rafes.

B. The implications of closing the contraflow lane at the end of its
operational life.

C. Possibilities for, and implications of, extending the operational

life of the contraflow lane.







HISTORICAL AND CURRENT CORRIDOR TRAFFIC CONDITIONS

Historical trends in traffic as well as existing conditions are
critical factors in evaluating the operational life of the contrafiow
tane. This section of the report documents traffic trend data for all
classifications of roadwayé considered in this §tudy. The locations of

all traffic counts referred to in this section are shown in Figure 5;

- I-45N Mainlanes

Two permanent count stations, one just south of the North Loop and one at
Cypress Creek, are Tocated along I-45N (Figure 5). Neither of these counts
is located in the critical section (N. Shepherd to Crosstimbers). Historical
trends at these locations are depicted in Figure 6.

In addition, the Department has taken average daily traffic counts at
several ofher-]ocations in the'cdrridor. Two of'theSe counts, at Airline
and Little York, are in the critita1-ana1y315 section. Historical counts
at these locations are shown in Figure 7, and the data are provided in
Table 1. |

In reviewing the~average daily traffic figufes, it might be noted that
maximum daily traffic is typically 20% to 25% higher than average daily

-traffic. In determining cépacity, freeway lanes were assumed to have a
| capacity of 1800 vehicles per hour. The frontage roads were assumed to have

a per lane capacity of 1800 vehicles per hour of green time.

Primary and Secondary Alternates

The City of Houston has conducted traffic‘counts on those routes designated

as primary and secondary a]ternates. Historical data are shown in Figures 8
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Table 1. Historical Trends in Traffic Data, I-45

Average Daily Traffic (1000's), Location Along I-45
rear N. Loop Cypress Creek Airline N. Little York
1965 71 15 44 31
1966 74 IS, a4 -
1967 77 Y 51 45
1968 86 21 s -
1969 88 25 . | -
1970 S 28 | 81 69

| 1971 99 32 v 75
1972 107 7 99 91
1973 112 40 101 103
1974 112 40 103 106
1975 117 44 - 106 112
1976 119 51 | 114 131
1977 | 123 57 114 131
1978 | 125 6 122 142
1979 | . 124 e - -
1980 126 | 65 - -

Source: State Department of Highways and Public Transportation
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and 9. Capacity for these roadways was assumed to be 1800 vehicles per

hour of green time per lane.

Critical Intersections

Intersections will control capacity on all corridor routes except the
freeway main lanes. Table 2 lists the critica]l(i.e. major) intersections -
within the I-45N corridor. Also included in Table 2 are signal cycle 1ehgths
and effective green times from which roadway capacities were calculated.

These critical intersections are shown graphically in Figure 10.

I-45N Corridor Roadway Facilities, Current Status

InASeptembeh 1981, Texas Transportation Institute staff conducted traffic
counts 6n all corridor roadways. The current status of roadways, reléting
demand to capacity, is summarized in Tables 3, 4 and 5. At present, with
the possible exception of the frontage roads during peak-hour operation, some
unused capacity exists on all roadways in the off-peak direction of travel.

As a result, it is assumed that no significant latent travel demand has

developed in the off—peak travel direction.
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Table 2. Critical Intersection Analysis

Corridor Route
and Directional
" Approach Lane

Cross Street

Thru Green
Time (Sec)*

Cycle -
Length (Sec)

N. Shepherd
Two Lanes

W. Hardy
One Lane

I Irvington
One Lane

Fdlton
One Lane

Airline
Two Lanes

Yale ,
One Lane

Frontage Road

Two Lanes

Crosstimbers
Pinemont
Donovan
Tidwell
Parker
Little York

~Little York

Irvington
Parker
Tidwell
Berry

Crosstimbers

W. Hardy
Tidwell
Berry
Crosstimbers

Crosstimbers
Berry
Tidwell
Airline

~Little York

Rittenhouse
Tidwell

Berry

East Frontage Rd.
Crosstimbers

Crosstimbers

Victoria

“Tidwell

Little York
Parker
Tidwell
Airiine
Crosstimbers

35
35
35
65
40
25

30
20
25
25
20

70
90

90
85
70
60

* Green and Yellow
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Table 3.

1981 Peak Hour Data Used in Corridor Demand Analysis

North Corridor (I-45) - PM Period - Inbound Direction

Routes o denena | F0f | HThru | Copaciry | Yotume/ | csCty
(vehicles) (veh/hr) (veh/hr)
I-45 Mainlanes 3384 2% - 3600 0.94 216
‘1-45 Frontage Rd. 942 2 25 900 1.04 -42
Frontaa s 4326 : 4% - 4500 0.96 174
‘Primary Alternates |
Airline 479 2 35 1260 0.38 781
- N. Shepherd 1150 2 40 1440 0.80 290
Total, Pm’mar;y. 1629 2700 0.60 1071
| Secondary Alternates
W. Hardy | 256 1 40 720 0.36 464
‘Irvington 502 ] 40 720 0.70 216
Fulton 480 1 25 450 1.07 -30
Yale 405 1 25 450 0.90 45
Total, Secondary f| 1643 2340 0.70 697
‘TOTAL CORRIDOR 759% 9540 0.80 1942

* Two main lanes serve off-peak direction traffic, the third serves the contraflow lane.
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Table 4, 1981 Peak Two Hour Data Used in Demand Analysis

North Corridor (I1-45) - PM Period - Inbound Direction

remate four perfod | #of | Tora | 0L | votumey | (Tused,
Demand (veh) Lanes | Green Time (veh/2hr) Capacity (veh/2hr)
1-45 Mainlanes 6600 o - 7200 0.92 600
1-45 Frontage Rd. 1755 2 25 1800 0.98 45
g;ﬁgtg"g;“;:}i‘es'a”d | 8355 4+ - 9000 0.93 645
Primary A]terhates
Airline 931 2 35 2520 0.37 | 1589
N. Shepherd- 2190 -2 40 2880 0.76 690
Total, Primary 3121 5400 0.58 2279
: Secondary A]ternates
W. Hardy 505 1 40 1440 0.35 935
Trvington 951 1 40 1440 0,66 489
Fulton 1905 1 25 900 1.01 -5
Yale | 810 1 25 900 0.90 | 90
Total, Secondary || = 3171 . | 4680 0.68 | 1509
TOTAL CORRIDOR 14647 19080 0.77 | 4433

* Two main lanes serve off-peak direction traffic, the third serves the contraflow lane.
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1981 Peak Period (3 hour) Data Used in Demand Analysis

Table 5.
North Corridor (I-45) - PM Period - Inbound Direction
'A]tefnate Highest Three 4 of % Th Total Volume/ Unused
Routes Hour Period ° o thrd Capacity - Capacity
Demand (veh) Lanes | Green T1m§ (veh/3hr) Capacity (veh/3hr)
I-45 Mainlanes. 9711 2% - 10800 0.90 1089
I-45 Frontage Rd. 2480 2 25 2700 0.92 220
I-45 Mainlanes and . *
Frontage Rd. 12191 4 - 13500 0.90 1309
Primary Alternates
Airline 1380 2 35 3780 0.37 2400
N. Shepherd 3195 2 40 _4320 0.74 1125
Total, Primary 4575 8100 0.56 - 3525
Secondary Alternates
W. Hardy 726 1 40 2160 0.34 1434
Irvington 1324 1 40 2160 0.61 836
7 Fulton 1350 1 25 1350 1.00 0
Yale 1130 . 1 25 1350 0.84 220
Total, Secondary 4530 . 7020 0.65 | 2490
TOTAL CORRIDOR 28620 0.74 7324

21296

* Two main lanes serve—bff~peak direction traffic, the third serves the contrafiow Tlane.
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OPERATIONAL LIFE OF CONTRAFLOW

As -indicated previously, it would be desirable to terminate the
,confraf]owvopératiqn before the time at which all capacity in the off-
peak direction is béing utilized. Continuing to operate contraflow after
that'time would noticeably impact off-peak direction traffic. Projections

of . travel demand are an essentia] element of the demand/capacity analysis.

Basis for Projecting Traffic Data

Historical traffic dafa,vwhich are presented in more detail in previous
parts of this report, are generally available for the studyrcorrfdor.» A
key element to assessing future demand-capacity ratios involves projecting |
the historical traffic data. |

Extrapolation of_hjstorica] traffic data_represents one approach for
"foreéasting demand. Howéver, recognizing that traffic generation correlates
| with Tand uée, changes in. development also will influence traffiC'gfowth rates.
A combination of traffic and development trend‘déta are used to estimate
“future fraffié growth rates in the I-45N corridor. It might be noted that
-Vprojécfed growth rates in the I-45N corridor in factors such as pobu]ation,
households, and émp]oyment,are approximately twicevthe corresponding rates
for Hafris Céunty as a whole. | |

- Table 6 summarizes the relevant growth data. The projected rates of

increase in corridor popu?ation; households, and employment (Table 7) were
used as the basis for determining future growth in corridbr'traffi?. For
exahple, during tﬁe 1970'5, population, households, and emp1oymen%-increased
éf an éverage annual rafe_of 7.33% (average of{5.9%, 7.5% and 8.6%). From

H
!
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. Table 6. "Trends in Demographic‘Daté,ll;45N Cdrridor

erar 'Pobuiation Households ‘Employment Dagly Tra%fic In and Out
(1090fs) | (]QOO}S) (1OQQ'S) of.Airport (1000's)

1970 473 133 o1 -
1080 é49’ 275 207 50

1985 1072 420 287 80

1990 | . 1365 4 502 | 323 110

2000 1603 .592 389 210

Sources:

. Population, households, employment: Rice Center | -
Daily Traffic at airport: Turner, Collie, and Braden, Inc.




Table 7. Measures of Historical and Future Growth in I-45N Corridor,
1970 to 2000, Average Annual Percgntage Increase

Time Frame
Measure of Growth 1970 - 1980 1980 - 1985 - 1990 -
' (historical) 1985 1990 2000
I-45N Traffic Counts
[-45 © N, Loop 3.0% 2.8% 1.5% 0.7%
[-45 @ Cypress Creek 8.7% 8.1% 4.4% 2.0%
1-45 @ Airline 5.2% (1970-78) 4.8% 2.6% 1.2%
I-45°@ N. Little York 9.5% (1970-78) 8.8% 4.8% 2.2%
Primary Alternate Routes
Airline, N. of Fulton 0.9% 0.8% 0.5% 0.2%
N. of Berry 5.1% 4.7% 2.6% 1.2%
Shepherd, N. of I1-45 4.1% b 3.8% 2.1% . 0.9%
N. of Pinemont 5.5% . 5.1% 2.8% 1.3%
S. of Little York 5.2% 4.8% 2.6% 1.2%
Secondary Alternate Routes
Yale, N. of Crosstimbers 2.9% 2.7% 1.5% 0.7%
S. of I-45 3.2% :3.0% 1.6% 0.7%
Fulton, N. of Tidwell 3.4% 3.2% 1.7% 0.8%
West Hardy, N. of Parker 2.2% ,2.0% 1.1% 0.5%
E. of Crosstimbers 8.7% 18.1% 4.4% 2.0%
N. of Berry 3.6% 3.3% 1.8% 0.8%
Irvington, N. of Berry 2.3% 2.1% 1.2% 0.5%
Population | 5.9% 4.8% 4.9% 1.6%
. Households ' 7.5% 8.8% 3.7% 1.6%
Employment 8.6% 6.8% ‘ 2.4% 1.9%
Daily Traffic at Airport - 9.8% 6.6% 6.7%

Note: The change in the rate of growth in corridor population, households, and
employment were used to estimate the future change in growth in the
traffic volumes.

Sources: .Traffic Counts: State Department of Highways and Public Transportation
and City of Houston
Population, Households, and Employment: Rice Center
Daily Traffic at Airport: Turner, Collie and Braden, Inc.




1980 to 1985, it is projected By Rice Center that these development in-
‘dicators will grow at an annual rate of 6.8%, or about 93% of the rate
eXperienced from 1970 to 1980. Thus, it was assumed that the traffic
volumes would increase from 1980 to 1985 at 93% of the annual rate of
increase from 1970 to 1980. Simijiar analyses were made for the 1985
to 2000 time period.

As a résu1t of this analysis, the traffic growth rates shown in Table
8 were used in the demand/capacity analysis. The intermediate growth
"rates were determined using the procedure>described in this section. Recog-
nizing the uncertainty that exists in projecting traffic, high and low és-
timates were developed; these estimates aré t 25% of the intermediate
_ estimate. Based on-avai]aﬁ]e data, the intermediate appears to be the

‘best estimate to use for planning purposes.

Assumptions Used in Analysis

Traffic growth»rafés shown in Table 8 were used to obtain a range. of
estimates for futuré travel in the I-45 corridor. Those growth rates were
app1ied:to'traffic'counts on the various facilities conducted on a qlear
“day in September 1981 (Tables 3, 4 and 5). :

The fo]iowing information and assumptions were also used in estimating
the operational life of thé contrafliow lane. ‘

e The critical corridor section to be evaluated is located betweén
. N. Shepherd and Crosstimbers.

¢ The critica1_directioh of travel is the p.m. off-peak inbound (southbound).
e The evaluation was performed for three time periods.
- Peak Hour (4:30 to 5:30 p.m.)

- Peak Two Hours (4:00 to 6:00 p.m.)
- Peak Perijod (3:30-to 6:30 p.m.)
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Table 8. Traffic Growth Rates Used to,Prdject Demand, I-45N

Corridor, N. Shepherd to Crosstimbers Section

o Annua]\ﬁércent Growth Rate -

2, - .
Assumed to grow at same rate as mainlanes

3Obtained by averaging values for N. Shepherd and Airline from Table 7

4Obtained by averaging values for Irvington, West Hardy, Fulton, and Yale from Table 7.

Roadway Low Estimate E Intermediate Estimate High Estimate
11980-85 .| 85-90 90-2000 || 1980-85 | 85-90 | 90-2000 || 1980-85 85-90 | 90-2000
I-45 Mainlanes’ 5.1% 2.8% 1.32 L .87 | 3.7% | 1.7% 8.5% 1.6% 1 2.1%
]
i
Frontage Roads2 ' 5.1% 2.8% 1.3% 6.8% 3.7% 1.7% 8.5% 4.6% 2.1%
Primary 3 2.9% | 1.6% | 0.8% 3.9 | 2.1% | 1.0% 4.9 | 2.6% | 1.2%
Alternate Routes _ ‘ : ‘
Secondary 4 2.6% | 1.4%| 0.7% 3.5% | 1.9% |  0.9% 4.4% | 2.7 ] 1.1%
Alternate Routes . ' ,
1Obtained by averaging the Airline and Little York va]ueS (values in the critical section) from Table 7




e The following were considered to represent corridor routes and
directional lanes.

- I1-45N mainlanes (2) and frontage roads (2)

- Primary alternate routes -- N. Shepherd (2) and Airline (2)

- Secondary alternate routes -- Irvington(1l), West Hardy (1),
Fulton (1), and Yale (1)

e Current traffic volumes (September 1981) were counted by TTI during
the p.m. peak period, mid-week, with clear weather.

Operational Life

Once all capacity is utilized, the desirable operational life of
contraflow has ceased. - Figures 11, 12 and 13 present the demand/capacity
analysis for both the peak hour and peak period for all roadways considered
in the study. Table 9 summarizes the results of those analyses.

From a decision-making standpoint, perhaps two of the values shown in
Table 9 could be considered most critical. Using the intermediate estimate,
the following dates are significant.

e 1983. Year in which all the off-peak capacity on the frontage roads
and freeway mainlanes will be used for the entire peak period (3 hours)
if contraflow continues to occupy an off-peak direction lane.

o 1985. Year in which all the off-peak direction capacityion the

~ frontage roads, mainlanes, primary and secondary alternate routes will
be used during the peak hour if the contraflow lane continues to
occupy an off-peak direction lane.

It appears that the desirable operationa] 1ife of contraflow will cease by

the end of 1985, if not sooner.

Impact of Short-Range Improvements

It is possible that, in the next 2 to 4 years, certain improvements could
be implemented in the I-45N corridor that would increase capacity. Specifically,

the following improvements might be undertaken.
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Table 9.

Approx1mate Year in which Termination of Contraflow

is Desirable Based on Demand/Capacity Relationship

Year in which Demand will Exceed Capacity
Low Growth Intermediate 1 High Growth
Roadway System Estimate Growth Estimate™ Estimate
Peak Peak Peak
E§3$ . Period ﬁgﬁt Period ggat Period
- (3 hrs) (3 hrs) : (3 hrs)
I1-45 Mainlanes and | .
Frontage Roads 1982/83 1983 1982(83 1983 {1982/83| 1982/83
) o
1-45 Mainlanes, Frontage , ' _
Roads, and PrimaEy 1985 1988 1984 1986 1983 1984
Alternate Routes '
I-45 Mainlanes, Frontage -
Roads, Primary agd 1988 1992 1985 1988 1984 1986
Secondary Routes

1Based on available data, th1s appears to represent the best estlmate of
future cond1t1ons

2Pr1mary a]ternate rduteé include N. Shepherd and Airline

3Secondary alternate routes include Irvington, West Hardy, Fulton, and Yale

o Frontage Road - Increase inbound, thru traffic green time from
25% to 35%. :

e West Hardy - Increase cross-section from 2 to 4 Tanes or designation
of one-way pairs between East and West Hardy.

e Fulton, Yale - Increase cross-section from 2 to 4 lanes or adjust
green time of inbound, thru traffic from 25% to 40%.

The jmpacts of these actions on peak-hour capacity is shown in Table 10.

:The actions shown in Table 10 would increase capacity by 1980 vehicles

per hour.

This would reprééent a 21% increase in total corridor capacity.




Table 10: Impact of Selected Short-Range Improvements on Capacity,
[-45N Corridor, Peak Hour, Off-Peak Direction

Capacity (vph)

Percent
Roadway and Improvement _ . .
Currentl After TImprovement Increase
Frontage Road; increase gkeen
time 25% to 35%| 900 1260 40%

West Hardy; increase cross
ion to 4 .

?iﬁééo?z gach 720 , 1440 100%

direction) A .

Fulton, Yaley; increase cross

section to 4 ‘ .
lanes (2 each 900 1800 100%

direction)

Total Increase = 1980 vph = 21%

lpefer to Table 3

As can be seen from Figures 11, 12, and 13 this increase in corridor
capacity, based on primaryva1ternates, freeway mainlanes, and frontage
roads (Figure 12), cou?dzeXtend the operational life of contfaf]ow by

as much as 3.to 4 years. However, for that to happen, the improvements
shown in Table 10 would need to become effective in the next 2 to 4 years.

The feasibility of that occurring is not known. In addition, with the

exception of the possible improvements to the frontage road, all these
possible improvements are on secondary alternate routes. Those are the

last routes to which traffic will choose to divert.
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IMPACT ON TRAVEL TIME AND DELAY

The various alternatives (i.e., continue contraf1ow, eliminate contraflow,
or replace contraflow) will have varying impacts on travel time and delay along
1-45N. Three different groups of traffic, Tisted Below, will be affected by the

. treatment of contraflow.

o Off-peak direction traffic. Whether or not contraflow is continued

will determine the number of freeway lanes ‘available to serve off-peak
direction traffic.

o Contraflow traffic. -If some form of priority lane is not continued,

-the contraflow traffic will be added to the mixed-flow, peak-direction
traffic.

® Peak-direction traffic. If contraflow traffic is added to the peak-
direction flow, some increase in peak direction delay will result.

It .might be noted that, due to natural traffic growth, increases in delay
will occur for both peak and off-peak direction traffic regardless of what is
done with contraflow. The primary intent ofvthis analysis is to identify fhe
incremental effect on total ffeeway delay that results from a]fering the

contraflow operation.

Analytical Approach and Base Year Data

The impaét ofvtﬁe contraflow lane on the operations of the total freeway
during the PM peék period is analyzed over a 11.7 mile section from the North
Be]t'lnterchange'on the north to Hogan Street near downtown. The assumptidn is
made that the contraf]owb]ane affects traffic flow over this entire length for

-3 hours from 3:00 to 6:00 PM.3

-3 The peak period was considered as 3:30 to 6:30 in previous sections of this
report. However, for this analysis better traffic data are available for a
3:00 to 6:00 period.




Vehicular speeds and volumes, measured during 1981, are used for base
conditions to calculate total travel times, which is the principal measure of

effectiveness for this analysis. A 6.8 percent annual growth factor is applied
to the traffic demands, and the resultant travel speeds for future years are

“estimated from demand/capacity relationships.

For purposes of analysis, the freeway is divided into three segments that

have significant differences in design and operational characteristics.

e North Belt to Shepherd (4.1 miles) - A 6-lane section approaching the

" northern terminal of the contraflow lane. The lane reduction for
non-contraflow traffic in the PM southbound direction causes queueing
in this section.

(] Shepherd to 1-610 (4.5 miles) - A 6-lane section reduced to two lanes
for contraflow in the southbound direction. Ramp closures and ramp
metering are applied to maintain traffic flow below the capacity of
the two non-contraflow traffic lanes. '

o I1-610 to Hogan Street (3.1 miles) - A 6, 8, and 10-lane section
approaching the downtown area. During the PM peak period, the
northbound direction is heavily congested, the southbound is free
flow. .

This analysis examines three conditions.

1) The impact of a 6.8 percent annual growth rate on the total travel
time to all users of the North Freeway.

2) The impact of discontinuing the contraflow Tane and providing no
.alternative priority operations.

3) The impact of replacing the contraflow lane with a separate priority
facility (i.e., median high-occupancy vehicle lane).

Fof all three conditions, the assumptions are that all traffic growth
will be accommodated on the main lanes of the North Freeway. This is, in
effect, a worst case assumption since, as showh_previous]y in this report,
once freeway demand equals capacity it is reasonable to assume that traffic
will begin diverting to alternate routes until the capacity of those diver-

sionary routes is utilized.

38




: ModaT split is also an issue. If modal split did not change with the

removal of contraflow, a relatively small number of vehicles W6u1d be added

to the peak difection flow, thereby not significantly a]tefing delay to that
~traffic. [If, however, modal split changes and cufrent bus and van users begin
trayel]ing in their autos, the impact on delay can be more significant! The
modai split impacts are analyzed in two manners. First, an analysis is per-
formed assuming no change in modal split. Secohd, an analysis is performed
assgming that 50 percent of current bus and van patrons decfde to travel in
autos with an average occupancy of71.3. This type of change in modal split

is consistent with what might be expected based on recent research findings.%

1981 Traffic Conditions

1981 is used as the base year in the analysis. Base year traffic condi-}

tions are summarized in this section.?®

Inbound (Of[=Peak) Lireciion, PM Peak Period

 Table il summarizes the average speeds and traffic vo]umes’in_the 3
séctions.of the inﬁound North Freeway for a three—ﬁour period from 3:00 to’
6:00 PM. - -

In Section 1, the running épeeds range from 55 MPH to 0 MPH as the

traffic approaches the queue that forms at the lane'drop at the contraflow

“ D. Baugh & Associates, Inc. Freeway High-Occupancy Vehicle Lanes and Ramp
- Metering Evaluation Study. Prepared for U.S. Department of Transportation,

December 1979. _
5 In previous sections of this report, the theoretical 1800 vph/lane capacity

was used. At some Tocations on the North Freeway, flow rates exceed that
value. In this section of the report, these higher flow rates are treated as

capacity.
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Table 11: Inbound (Off-Peak) Direction, Base Year (1981)
Average Traffic Volumes and Speeds, PM Peak Period

Section No. 1 | Section No. 2 Section No. 3

North Belt to Shepherd to 1-610 to
~ Shepherd =010 Hogan Street
Ve t 1 e .
Tinie Period 4]. Miles 4.5 Miles 3.1 Miles
(Hours) Average Average| Average Average| Average Average
Volume Speed Volume Speed Volume Speed
(Vehicles)| (MPH) |(Vehicles)| (MPH) [(Vehicles)| (MPH)
Peak One Hour 2800 35 | 3400 30 3800 55
Peak Two Hours 5500 37 6600 32 7600 55
Peak Three Hours 7900 40 9700 35 11200 55

Tane terminal. The maximum queue during the peak hour is one mile. The average
speed in the queue is 15 MPH (since the queue does not occupy this entire section,
thé average speed for thé éection is greater than 15 MPH, Table 11).

In Section 2, the traffic operations are stop-and-go, but with ramp
control the average speeds are maintained in the 30-37 mi]e per hduf range>to
achieve maximum flow rates. Capacity of Section 2 is 3800 vph.

In Section 3, the expanded roadway section, the demand is less than the

capacity and the average speeds are 55 MPH.

Outbound (Peak) Direction, PM Peak Period
Table 12 summarizes the average'speeds and traffic volumes in the peak

direction flow for the outbound North Freeway for the three-hour PM period.

In Section 3, the roadway width changes from 10 to 6 lanes and the

traffic volumes are high and speeds are low because of the two lane drops

a0 | ”
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Table 12: Outbound (Peak) Direction, Base Year (1981) Average
Traffic Volumes and Speeds, PM Peak Period '

Section No. 1 | Section No. 2 Section No. 3
North Belt to Shepherd to [-610 to
Shepherd 1-610 Hogan Street
Time Period 4.1 Miles 4.5 Miles 3.1 Miles
(Hours) Average Average| Average Average| Average Average
Volume Speed Volume Speed Volume Speed
(Vehicles)| (MPH) [(Vehicles)| (MPH) {(Vehicles)| (MPH)
Peak One Hour 4800 25 5300 15 5800 | 20
Peak Two Hours 9000 30 9500 18 11200 24
Peak Three Hours 13000 35 13700 21 16600 - 28

at Main Street and I1-610. An increase in traffic demands results intiower speeds
in this section during the critical peak hours.

In-Section 2, speeds are low because of the high demandévfrom tbe 1-610
1ntercﬁange, and a 1ane'dfop at Afr]ine Drive. ~ Ramp metering is usea to imprOve:'
,flow within the section, buf the entrances at the nbrthern end of the section at
Shepherd are unconfrolled._-A geometric bottleneck at this location reduces speeds
in this section. ' | | |

Section 11s beyond the Timit and the effect of the contraflow lane. How-
ever, operations in this section are impoftant in the overa]] analysis of the
effects of the 6.8 percent traffic growth. Volumes are lower and speeds are

higher because of the metering effect of the bott]eneck at Shepherd and the

large volumes of traffic exiting the freeway in the section.




Contraflow Outbound Operation, PM Peak Period

_TabTe>13 summarizes the'usage~of the contraflow lane from Hogan to Shepherd

by number and type of vehicle and number of persons.

for 2.5 hours and has an average speed of 55 MPH.

Table 13:

The Tane is operational

Contraflow.Operations, Base Year (1981) Average
Traffic Volumes and Speeds, PM Peak Period

Section No. 1

Section No. 2

Section No. 3

North Belt to Shepherd to I-610 to
Shepherd [-610 Hogan Street
. . 4.1 Miles 4.5 Miles 3.1 Miles
Time Period _ _
(Hours) Average Average| Average Average| Average Average
Volume Speed Volume | Speed Vo]gme Speed
| (Vehicles)| (MPH) [(Vehicles)| (MPH) {(Vehicles)| (MPH)
[Vans Buses Vans Buses Vans Buses
Peak One Hour 185 35 25 192 54 55 192 54 55
Peak Two Hours 250 53 30 270 84 55 270 84 55
" Peak Three Hours 255 58 35 275 90 55 275 90 55

At the end of Section 2 some vehicles exit to the Shepherd Park and- R1de

Fac111ty or to the Stuebner-Airline arterial.

The volumes and speeds of con-

trafiow veh1c1es in the normal 1anes of Section 1 are presented in Table 13.

~Total Travel Times and Delay

Total Travel Time (TTT) is calculated for the three-hour average speeds

and volumes for each of the three sections by the equation:

TTT 1in Vehicle Hours =

TTT in Peréon Hours

Total Volume

Speed

42

X Length of Section

= TTT in Vehicle Hours x Vehicle Occupancy




The following vehicle occupancies are used:

Passenger vehicles | 1.3 persons
Van pbo] vehicles 8.7 persons
Buses - Peak Hour 50 personé
Buses - Total Peak Period 41 persons

Total Trave] Times and travel delays for 1981 speed and volume conditidns
are calculated in Table 14. To determine delay, a speed is selected that
represents e desired level of service. An operating speed below this speed
causes delay. Since th1s analysis is d1rected to the eva]uat1on of the con-
trafliow lane, the operating speed of the contraf]ow lane 55 MPH, is used as
the basis for ca]cu]at1ng_de1ay. Total Travel Time in person-hours for the
3-hour volumes is calculated for the desired speed of 55 MPH. The difference
between the Total Trave] Twmes for the different speed conditions. is de]ay
This delay value is based on the desired level of service, since 55‘MPH speeds

are not achievable for the existing traffic volumes and roadway capacities.

If the contraflow lane were discontinued, the inbound freeway capacity
during the 3-hour period would increase by one lane and the contraflow vehieies
would be éddedbto the outbeund traffic demand. The addition of contraflow

-~ traffic te the oufbo&hd'flow is considered under two conditions. First; no
'change in moda] split is assumed. Second, a more realistic assumption ié
made; it is assumed that 56 percent of the bus and van traffic wii] revert to

auto travel at .an averaqe occupancy of 1.3 persons.

Impact of Discontinuing Contraflow Operations, Base Year

The following analysis is made to determ1ne the effects of d1scont1nu1ng

the contraflow lane operations without provision of a]ternat1ve priority

operations.
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Table 14: PM Peak Period (3 hour) Travel DeTays, Base Year
' (1981), Person and Vehicle Delay

3958

7 Total Travel Time in Person Hours
- Traffic Inbound Freeway | Outbound Freeway Contraflow
Condition Lanes Lanes Traffic
Base Yeér Traffic 3495 8185 1382
Conditions (1981) '
Traffic Conditions at 2618 3933 1186
55 MPH Average Speed
Delay in Person Hours 877 4252 196
Total Delay (Person Hours) 5325
Total Travel Time In Vehicle Hours
Traffic Inbound Freeway | Outbound Freeway | Contraflow -
Conditions Lanes Lanes Traffic
‘Base Year Traffic 2688 6297 87
Conditions (1981)
| Traffic Conditions at 2014 3026 74
- 55 MPH Average Speed .
Delay in Vehicle Hours 674 3271 13
Total Delay (Vehicle Hours)

Inbound Direction

Average speeds in a]T three sections would increase to 55 MPH. From Table

14, the Total Travel Time for this traffic at 55 MPH is 2618 person hours.

Qutbound Direction

The outbound analysis is performed for two modal split assumptions.
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No Change in Modal Split

| This assumes that all bus and van users of the contraflow will continue
using buses and vans if contraflow were discontinued. Thus, the 365 contrafliow
vehicles with 6300 persons would be added to the outbound traffic demand. The
Totaf Travel Time consists of two parts: (1) the additional vehicle delay,
based on passenger car equivalence; and (2) the contraflow.passenger’traVe]

times at the lower travel speeds.
 The travel time caused by the additional vehicles is calculated as

follows:

length of section )
average speed of section

(365 Veh)(1.3 Persons/Veh)(

4.

o

l

= (365)(1. 3)(5—3— ) = 154 person hours

no
it

This is added to the normal travel time of 8185 person hours for a total of
8339 person hours.

CFL persons travel time is calculated in the same manner:
For Seétibn 2.and 3: |

4.5

(6300 persons)( 3§%~+ =57 ) = 2048 person hours

For Section 1:

(4597 persons)( ﬁé%-) = 539 person hours

Total Travel Time = 2587 person hours

Table 15 summarizes the changes in travel times and the total delay. From
Tables 14 and 15, the net effect of discontinuing the contraflow lane and re- 7
qufring all contraflow traffic to use the normal freeway lanes is an additional

de]ay of 482 (5807—5325) person hours per peak period, but a sav1ngs of 489

' (3958-3469) vehicle hours per peak period.




Table 15: Effect of Eliminating Contraflow on Base Year (1981)
Travel Delay, PM Peak Period Assuming No Change -in
Modal Split, Person and Vehicle Delay

Total Travel Time in Person Hours

Traffic Inbound Freeway Qutbound Freeway Contraflow
Condition Lanes Lanes Traffic
Base Year Traffic 2618 8339 2587
Conditions without CFL
Traffic Conditions at 2618 3933 1186
55 MPH Average Speed
Delay in Person Hours 0 4406 1401

Total Delay (Person Hours)

5807

Total Travel Time in Vehicle Hours

Traffic - Inbound Freeway Outbound Freeway |- Contraflow
Condition ' Lanes Lanes Traffic
Base Year Traffic 2014 6414 155
Conditions without CFL
Traffic Conditions at | 2014 3026 74
55 MPH Average Speed
‘De]ay in Vehicle Hours 0 3388 81

50 Peyrcent Change in Modal Split

Taking the contraflow lane away will eliminate the travel time advantage

‘Total Delay (Vehicle Hours) 3469

the buses and vans presently experiénce. Thus, the incentive for using those

vehicles will be reduced. It appéars reasonable to assume that half the persons

presently using buses and vans will decide to travel in autos at an assumed

occupancy of 1.3 persohs per;vehjcle (see footnote 4).

The analysis of this alternative is performed in a manner similar to that»

shown for the no modal split alternative.

16

With the 50 percent modal split, in




the base year, placing contraflow traffic in the peak directions lanes results
in an‘ihcrease of 4078 person hours per peak period and an increase of 2436
vehicle hours per peak period. These values are shown in tables included in

subsequent parts of this report (Table 16).

Table 16: Travel Delays in Peak and Off-Peak Direction With and
Without Contraflow on 1-45N, PM Peak Period, 1981-1985

Time Perijod , ' Delay in Person Hours
Based on 6.8% - — :
Annual Growth With Without Contraflow Difference
' Contraflow :
No Modal 50% Modal | -No Modal 50% Modal
o Shift Shift Shift Shift
Base Year, 1981 5,325 5,307 9,401 | + 482 + 4078
Year 1, 1982 6,506 6,848 10,634 o+ 342 + 4128
| Year 2, 1983 19,073 9,541 15,703 + 468 + 6630
Year 3, 1984 11,729 11,668 18,056 - 61 + 6327
Year 4, 1985 16,951 15,830 20,548 - 1121 + 3597
Avg., 1981-85 | | £ 22 - 44952
Time Period ' Delay in Vehicle Hours
Based on 6.8% - - .
Annual Growth With Without Contraflow’ Difference
Contraflow _
' No Modal 50% Modal | No Modal 50% Modal
Shift Shift Shift Shift
Base Year, 1981} 3,958-A 3,469 6,394 | - 489 + 2436
vear 1,1982 | 4,871 4,127 7,235 | - 744 + 2364
| vear 2, 1983 ) 6,750 -‘5,718 10,733 - 1032 '+ 3983
Year 3, 1984 8,780 6,974 | 12,444 - 1806 + 3694
Year 4,’1985. 12,286 | 9,780 » 14,960 | - 2506 ~ + 2674
Avg., 1981-85 - 1315+ 3030
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Impact of Future Traffic Growth

Increases ‘in traffic will affect the different contraflow alternatives.

Alternative of Eliminating Contraflow

As indicated 1n'Tabfe!8, it is estimated that, from 1981 to 1985, freeway
traffic in the critical ana]jsis}section will increase at an annual rate of 6.8
percent. Traffic demands shown in Tables 11, 12, and 13 were modified to
reflect that growth rate. The exbected changes in average speed, travel times,
and delays for the 1981 to 1985 time frame are presented in tables included in
the Appendix. Table 16 summarizes the travel delays in person hours and vehicle
hours for the 1981-1985 analysis period.

The results indicate a significant growth in person hours and vehicle
hours dfde]ay with the increase in demand. There1iminatiqn of the contraflow
lane without proyiding pridrity operations for the high-occupancy vehicles,
however, results in an increase in person delay, but a decrease in vehicle

| delay under the assumption'of no modal split. This is the result of requiring
the high-occupancy vehic]eé to drive in the Tow speeds of the outboﬁnd lanes
of the freeway. Under the mbre reésonable assumbtion of a 50%,change in modal
split, massive increases in both person hours and vehic]e hours of ée]ay result.

VHowever, in the third year, with the no modal split-alternative, the trend
in person delays is reversed. This suggests that in 1983 the delays caused by
the contraflow Tane in the inbound direction equa]Ithe delays that would result
from terminating the contraflow lane and p]acing‘that traffic in the normal

lanes in the outbound direction. The increase in delay for the 50% modal split

alternative begins to decrease after the third year for the same redson.




Alternative of Replacing the Contraflow Lane

With this alternative, the traffic using contraflow would use a physically
separated median 1an¢'instead. ATl existing freeway lanes would serve mixed
flow traffic and the existing contraflow traffic would not be added to the peak
direction traffic lanes.

This causes the delay trends to be more straightforward (Table 17). The

person delays and vehicle delays increase at an increasing rate. The major in-

creases in delay after the 2nd year, if contraflow is not replaced, would appear

to'be unacceptable.
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Table 17: Impacts on De]ay Time of Replacing Contraflow

With a Median HQOV Lane, PM Peak Period

DELAY IN PERSON HOURS .

~Time Period ,
Based on 6.8% With Contraflow Replaced

- Annual Growth Contraflow by Median HOV Lane Di fference
Base Year - 1981 5325 4406 - 919
Year 1 - 1982 6506 5208 -1298
Year 2 - 1983 9073 7261 -1812
Year 3 - 1984 11729 - | 8851 , -2878
Year 4 - 1985 16951 | 12411' - -4540
Avg., 1981-85 -2289

Time Period

DELAY IN VEHICLE HOURS

AVg- ’ 1981" 85

Based on 6.8% With Contraflow Replaced

Annual Growth Contrafiow by Median HOV Lane Difference

Base Year - 1981 3958 3388 - 570

| vear 1 - 1982 4871 4007 - 864

Year 2 - 1983 6750 5585 -1165

Year 3 - 1984 8780 6809 -1971

Year 4 - 1985 12286 - 9549 -2737

| -1461
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CONCLUSIONS

As stated earlier in the report, three coursesiof.action could be taken
regarding contrafiow. |
e Continue contraflow operations indefinitely.
e ‘Terminatefcontraflow;
- . Replace contraflow with a median priority lane.
This_répbrt jdentifies some of the consequences associated with these alterna-

tive actions.

Continue Contraflow Operations Indefinitely

Contréfiow has'proven itself to be highly attractive, serving some 14;000
person trips per day. Dﬁring the peak hour, this contraflow lane moves the
same number of persons as do two mixed-flow freeway 1énes. Largely for that
reasoﬁ, dfscontinuation of contréf]ow would be difficult. |

However, as the analyses in this report indicate, contihuing to use an
~ off-peak direction lane for more than an additional two to three years to
serve peak direction travel will create considerable congestion:for off-peak
direction traffic. " If confraf]ow is not eliminated within that time frame,
‘thé haghitude’of traffic congestion in the off-peak directjon will approach
thaf of the peak direction. . Delay costs imposed on off-peak direption traffic
| will become_sUQstantiaT. Continuing to operaté cbntréf]ow will hot be an

economical approach toléolving traffic problems on I-45N (Table 18).

Terminate Contraflow

Terminatfng cdntréf]ow would provide an additional freewéy lane to sepye

off-peakvdirection traffic, thereby reducing delay to that traffic. However, -
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Table 18: Estimated Benefit/Cost Ratios Associated with Terminating
or Replacing the Contraflow Lane, Change from Existing
Condition (i.e., contraflow operation)

7 . Benefit/Cost Ratio
Alternative Action 1990 2000
Terminate Contraflow w/o Replacement! : -1.7 -28.7

Replace Contraflow w/ Median HOVVLane : 3.3 7.7

1A positive b/c is not attained since negative total benefits are
associated with this alternative action.

Notes: Assumes construction in 1983.
Assumes $50 million to replace contraflow w/ median Iane
10% discount rate. . 4

Source: Highway Economic Evaluation Model.

'uh1ess the contraf]ow-isvrep]aced-by a median high-occupancy vehicle lane, all
traffic currently using contraflow would be added to the already congested
peak-travel direction. The resuit would be a substantial increase in total
roadway delay since the increase in peak-direction delay would greatly exceed
thé decrease in off-peak direction delay (Tabie 18). By adding contraflow |

traffic to the peak-direction mixed lanes, the traffic queue would extend an

i
|

additional three to five miles during peak periods. Negative benefits would
accompany terminating contraflow with no priority'treatment replacing that

lane.

‘Replace Contraflow

The third altérnative is to.replace contraflow with a phyéica]ly separated
median high—occupanéy Vehic]e']anef It has been estimated that the construction
cost of such a lane will be approximately $50,000,000. |

This alternative continues to provide priority treatment. That treatment
is provided in a safer, more permanent manner. By providing a median lane,

the theorétical person-moying capacity of the corridor remains extrémely high.

o
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Fo]]bwing this apprbach benefits both traffic directions. The lane
presently usédfby contfaf]ow is returned to serve mixed flow in the off-peak
direction. The‘peak—direction traffic using contraf]ow.continﬁés'to use a
priority lane and is not added_to the congested peak-direction trqffic.

In additfon, from economic and traffic standbbints, this appears to be
the most effective action (Table 18). A positive benefit/cost ratio (b/c=7.7

for the ]98142000 analysis period) accompanies this expenditure of funds.

Recommendation

, Contraf1ow operation should not be continued for more than 2 to 4 addi-

- tional years (Figure 14). A median, physically separated authorized vehicle
’1ane_shou1d‘be provided to take the place of contraflow within that time frame.
Contraflow should be terminated only when that'replacement median authorized
vehicle lane is operational. Selected charactefistics of the thfeg alternative

approaches are shown in Table 19. .

807 : /
Terminate
COntraflow\‘\/

40 | >

Continue

/ Contratiow

30 -

20 4 :
Replace
Contrafiow

A‘nnual Cost (Millions)

10

T

T T T 1
. 1981 1982 1983 1984 1985

Year

Figure 14: Estimated Annual Costs of Various Alternatives
Involving the Contraflow Lane
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Table 19: Major Advantages and Disadvantages to- I-45N Corridor
Traffic Associated with Alternative Contraflow Actions

Alternative Actioh

Major,Advantages

Major Disadvantages

1. Continue Contraflow

Priority treatment

-.maintained

High operating costs
remain _

Off-peak direction
traffic severely
impacted

2. Terminate Contraflow

‘No capital or

operating costs
incurred for
priority treatment

Improves off-peak

direction traffic
flow

Massive impacts on peak
direction traffic

Decreased bus produc-
tivity :

Negative impact on public
transportation system

) Highly unfavorable net

cost

3. Replace contraflow.
' with median
priority lane

:Maintains priority
‘treatment

Improves off-peak

“direction flow w/o

negatively affecting

“peak direction

Favorable benefit/
cost ratio

Initial capital cost

- ($50,000,000)
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APPENDIX

TRAVEL TIME AND DELAY ANALYSIS

The information summarized in Tables 16 and 17 involved numerous calcu-
1atiohsAof_de1ay to: 1) contraflow traffic; 2) off-peak direction traffic;
and 3) peak#direction traffic. These ca]culations-weke made for each year

from 1981 to 1985. Tables 1 through 40 in this appendix document all the

individual calculations.




Table 1

Average Traffic Volumes and Speeds

Inbound

I-45 North Freeway

PM Peak Period
- 3:00 - 6:00 PM

Base Year 1981

Section No. 1

Section No. 2

‘Section No. 3

North Belt to Shepherd to I-610 to
Shephgrd ' I-G%O Hogan Street
Time Period 4.1 Miles 4.5 Miles 3.1 Miles |
(Hours) 4 » N A

Average Average| Average Average| Average Average

Volume Speed Volume Speed Volume Speed

| (Vvehicles)| (MPH) {(Vehicles)| (MPH) [(Vehicles)| (MPH)

Peak One Hour 2800 35 3400 30 3800 55

Peak Two Hours 5500 . 37 6600 32 7600 55

Peak Three Hours 7900 40 9700 35 11200 55




Table 2

Average Traffic Volumes and Speeds
OQutbound
1-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Base Year 1981

“Section No. 1 | Section No. 2 Section No. 3
" North Belt to Shepherd to I-610 to
Shepherd I-61O Hogan Street
Time Period 4.1 M11e§ 4.5 M{?es | _ 3.1 Miles
(Hours) Average Average| Average | Average| Average | Average
Volume { Speed Volume Speed Volume Speed
(Vehicles)| (MPH) |(Vehicles)| (MPH) |[(Vehicles)| (MPH)
Peak One Hour 4800 25 5300 15 5800 20
Peak Two Hours 9000 30 9500 18 11200 24
~ Peak Three Hours|| 13000 35 13700 21 16600 28
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Table 3

Average Traffic Volumes and Speeds
CFL Qutbound
[-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Base Year 1981

Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to I-610 to
Shephgrd ' Ig6%0 Hogan Street
Time Period 4.1 Miles 4.5 Miles 3.1 Miles
(Hours) . o e -
Average Average| Average Average!| Average Average
Volume Speed Volume Speed Volume Speed
(Vehicles)| (MPH) [(Vehicles)| (MPH) (Vehicles)| (MPH)
Vans Buses |Vans Buses Vans Buses
Peak One Hour 185 35 25 192 54 55 192 54 55
Peak Two Hours 250 53 30 270 84 55 270 84 55
Peak Three Hours|| 255 58| 35 | 275 90| 55 | 275 90| 55
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Table 4

Total Travel Times

Inbound

[-45 North Freeway:

PM Peak Period
3:00 - 6:00 PM

Base Year 1981

Section No. 1 Section>No. 2 Section No. 3
North Belt to Shepherd to : I-610 to
Shepherd - . I-610 : Hogan Street
4.1 Miles . 4.5 Miles » 3.1 Miles
Total 3 Hr. Volume ' : ' - ' ‘
(Vehicles) 7900 9700 . 11200
Average 3 Hr. Speed a0 - 35 55
(MPH) : :
Total Travel Time ' S
(Vehicle Hours) 810 ' lea7 . 631
Total Travel Time , o

Total Travel Time
in Person Hours : 3495

Total Trave]bTime
in Vehicle Hours 2688
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Table 5

Total Travel Times

Qutbound

I-45 North Freeway

PM Peak Perijod
3:00 - 6:00 PM

Base Year 1981

60

“Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to 1-610 to
Shepherd . I1-610 Hogan Street’
4.1.M11es 4.5 Miles - 3.1 Miles
Total 3 Hr. Volume |
Nﬁlﬂe?; Volume 13000 13700 16600
Ay 3 . d
?pﬁﬂ?ge Hr. Spee 35 21 28
Total Travel Time
(Vehicle Hours) 1523 2936 1838
;Tota]'TraVe] Time '
(Persvon HOUY‘S) 2980 3816 2389
-Tota1 Travel Time
in Person Hours 8185
Total Travel Time ,
in Vehicle Hours 6297




Tabie 6
A Total Travel Times

CFL Qutbound

1-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Base Year 1981

61

Section No. 1 Section No. 2 Section No. 3
North Belt to . Shepherd to 1-610 to
Shepherd 1-610 Hogan Street
4.1 Miles : 4.5 Miles 3.1 Miles
Vans Buses Vans Buses vVans Buses
| Jotal 3 Hr. Vo]ume: ’ A
(Vehicles) 255 58 275 90 275 90
Average 3 Hr. Speed. - o
(MPH) 35 35 55 55 55 55
Total Travel Time - } ’
(Vehicle Hours) 29.9 6.8 22.5 7.4 15.5 5.1
Total Travel Time ‘ -
(Person Hour's) 260 279 196 303 135 209
Total Travel Time
in Person Hours 1382
Total Travel Time ' :
in Vehicle Hours 87




Table 7
Travel Delays
I-45 North Freeway

PM,Peak Period
3:00 - 6;00 PM

Base Year 1981

Total Travel Times in Person Hours
InbouEgnggeeway OutboEggegreeway CFL Traffic
532311?225“”&”“ - 3495 8185 1382
55 WP Average Speed | 2618 3933 116
Delay in Person Houfs 877 4252 196

Total Delay
in Person Hours

5325
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in Vehicle Hours.

Total Travel Times in Vehicle Hours
Ihbound Freeway Outbound Freeway .
Lanes Lanes CFL Traff1p
Y Traffi L, :
s Leor TrafTic e o
Traffic Conditions at
55 MPH Average Speed 2014 3026 74
Delay in Vehicle Hours 674 3271 13
Total Deléy
3958




Table 8

Travel'De1ays

I-45 North Freeway
Without CFL
PM Peak Period
3:00 - 6:00 PM

Base Year 1981

Total Travel Times in Person Hours

Inbound Freeway Outbourd Freeway | .o .
Lanes Lanes CFL Traffic
Base Year Traffic : ; A
Conditions without CFL 2618 8739 | 2587
T T . | | —
Traffic Conditions at '
55 MPH Average Speed - 2618 3933 ; 1186
| Delay in-Person Hours 0 ’ 4406‘ ' 1401

iTota] Delay
" in Person Hours 5807

|

Total Travel Times in Vehié]e Hours

- Inbound Freeway

Outbouﬁd Freewdy CFL Traffic

Lanes Lanes
“Base Year Traffic | -
Conditions without CFL 2014 6414 1%
Traffic Conditions.at : { : ,
| 55 MPH Average Speed 2014 30?6 A 74
Delay in Vehicle Hours 0 3388 ' - 81

Total Delay _
in Vehicle Hours 3469




Table 9

Average Traffic Volumes and Speeds
Inbound

I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 1 - 1982
‘Section No. 1 ' Section No. 2 Section No. 3
North Belt to Shepherd to 1-610 to
. Shepherd 1-610 Hogan Street
Time Period 4.1 Miles 4.5 Mjlesr 9.1 Miles
(Hours) ( ~ ' ' :
) Average Average| Average || Average| Average Average
Volume Speed Volume Speed Volume . Speed

(Vehicles)| (MPH) {(Vehicles){ (MPH) {(Vehicles)| (MPH)

Peak One Hour 2990 35 3536 30 4058 55
Peak Two Hours 5874 34 6912 30 8117 | 5
Peak Three Hours

8437 39 10342 30 11962 55
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Table 10

Average Traffic Volumes and Speeds
Qutbound

I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 1 - 1982
Section No. 1 | Section No. 2 Section No. 3
North Belt to Shepherd to . I-610 to
- Shepherd 1-610 Hogan Street
Time Period 4.1 Miles _ 4.5 @11es 3.1 Miles
(Hours) Average Average| Average !| Average| Average Average
Volume Speed Volume | Speed Volume Speed
(Vehicles){ (MPH) |(Vehicles)| (MPH) |(Vehicles)| (MPH)
Peak One Hour 5126 | 25 5610 | 15 6194 20
Peak Two Hours 9612 30 10146 18 11962 20
Peak Three Hours 13884 34 14632 21 17729 24
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Table 11

Average Traffic Volumes and Speeds
CFL Outbound
I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 1 - 1982
Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to I1-610 to
_ Shepherd 1-610 Hogan Street
Time Period 4.1 Miles 4.5 M1]es 3.1 Miles
(Hours) Average | Average AverageA Average| Average Average
Volume - | Speed Volume Speed Volume Speed
(Vehicles)| (MPH) |(Vehicles)| (MPH) {(Vehicles)| (MPH)
Vans Buses [Vans Buses [— Vans Buses
Peak One Hour 199 37 25 205 58 55 55
Peak Two Hours 267 56 30 288 90 55 ' 55
Peak Three Hours|; 272 62 34 294 96 55 294 96 55
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~ Table 12

.Total Travel Times

Inbound

1-45 North Freeway .

PM Peak Period

67

3:00 - 6:00 PM
Year 1 - 1982
Section No. 1 Section No. 2 ~Section No. 3
North Belt to Shepherd to [-610. to
Shepherd I-610 Hogan Street
4.1 Miles 4.5 Miles 3.1 Miles:
Total 3; Hr. Volume 8437 .103:4:2 11962
(Vehicles)
Average 3 Hr. Speed
(MPH) 39 30 55
Total Travel Time , é
(Vehicle Hours) 887 15]1 674
‘Total Travel Time
(Person Hours) 1153 2016 . 876
Total Travel Time
in Person Hours 4045
 Total Travel Time
in Vehicle Hours 3112




Table 13

Total Travel Times

OQutbound

I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM‘, :

“Year 1 - 1982
Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to I-610 to
Shepherd I-610 Hogan Street
4.1 Miles - 4,5 Miles 3.1 Miles:
Total 3 Hr. Vol
(Vehicles) ¢ 13884 14632 17729
Average 3 Hr. Speed :
(MpH)g P : 34 21 : 24
Total Travel Time
(Vehicle Hours) 1674 3135 2290
Total Travel Time , '
(Person V_Hour\s) 2176 4076 - 2977

Total Travel Time
in Person Hours 9229

Total Travel Time

in Vehicle Hours _ 7099




Table 14

Total Travel Times

CFL Qutbound

[-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

in Vehicle Hours

69

Year 1 - 1982
Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to 1-610 to
Shepherd 1-610 Hogan Street
4.1 Miles A 4.5 Miles 3.1 Miles
Vans Buses - Vans Buses Vans Buses
Total 3 Hr. Volume ’ ‘
(Vehicles) ' 272 62 294 96 294 96
] Average 3 Hr. S eed
(MPH)g -‘ P - 34 34 55 55 55 55
Total Travel Time o - V
Total Travel Time
Total Tréve];Time
in Person Hours 1489
Total Travel Time
94




Table 15
Travel Delays
[-45 North Freeway
PM Peak Period

3:00 - 6:00 PM
Year 1 - 1982
Total Travel Times 1in Person Hours
Inbound Freeway OQutbound Freeway .
Lanes Lanes CFL Traffic
| Year 1 Traffic . . :
Conditions _ 4045 9229 | | 1489
Traffic Conditions at .
| 55 MPH Average Speed 2793 4201 1263
Delay in Person Hours ' 1252 5028 226

Total Delay
in Person Hours 6506

Tgta] Travel Times in Vehicle Hours
InbbuEgHZQeeway Ou?boEdegréeway CEL Tfaffic
feor 1 Tratric o
55 WPH Average Speed: 2149 3231 54
Delay in Vehic1e Hours 963 | 3868 40}

Total Delay
in Vehicle Hours 4871
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Table 16

Travel Delays

145 North Freeway

Without CFL
PM Peak Period
3:00 - 6:00 PM

Year 1 - 1982

Total Travel Times in Person Hours

Inbound Freeway Outbound Freeway ' .
Lanes Lanes CFL Traff1¢
Year 1 Traffic ]
Conditions without CFL 2793 9409 2903
.Traffit Conditions at h ’
55 MPH Average Speed 2793 4201 1263
"Delay in Person HQurs 0 5208 1640
Total Delay -
in Person Hours 6848

Total Travel Times in Vehiclie Hours

/1

Inbound Freeway Qutbound Freeway : .
. Lanes Lanes = CFL Traffic

Year 1 Traffic - ' o
Conditions without CFL 2149 7238 174
Traffic Conditions at v
55 MPH Average Speed 2149 3231 54
‘Delay in Vehicle. Hours | 0 4007 120

Total Detay

in Vehicle Hours' 4127




Table 17

Average Traffic Volumes and Speeds
Inbound

[-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 2 - 1983
Section No. 1 | Section No. 2 Section No. 3
North Belt to Shepherd to [-610 to
Shepherd I—61O Hogan S@reet
Time Period 4.1 Miles 4.5 Miles 3.1 Miles
. (Hours) : o '
: Average Average| Average Average| Average Average
Volume Speed Volume . Speed Volume Speed
(Vehicles)| (MPH) |(Vehicles)| (MPH) |[(Vehicles)| (MPH)
Peak One Hour 3194 31 3563 30 4334 55
Peak Two Hours 6273 29 7382 30 8669 55
Peak Three Hours 9011 30 11045 30 12775 55




Table 18

Average Traffic Volumes and Speeds
Qutbound
I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Time Period
(Hours)

Year 2 - 1983
Section No. 1 ’ Section No. 2 Section No. 3
North Belt to Shepherd to I1-610 to
Shepherd I-610 Hogan Street

4.1 Miles 4.5 Miles 3.1 Miles

Average: Average| Average 1 Average| Average | Average

Volume Speed Volume Speed Volume Speed-
(Vehicles)| (MPH) |(Vvehicles)| (MPH) |{(Vehicles)| (MPH) .

Peak One Hour 5475 .25 6045 15 6616 20
~ Peak Two Hours 10266 | 25 10836 15 | 12775 20
Peak Three Hours 14828 30 15626 18 18934 | .20




Table 19

Average Traffic Volumes and Speeds
CFL Qutbound
I-45 North Freeway
PM Peak Period

3:00 - 6:00 PM-
Year 2 - 1983
Section No. 1 Section No. 2 Section No. 3
North Belt to ‘Shepherd to I-610 to
, Shepherd CI-610 Hogan Street
Time Period 4.1 Miles 4.5~M11es- 3.1 Miles
(Hours) Average | Average Average Avérage Average Average
Volume Speed Volume Speed Volume Speed

1Vans Buses |Vans Buses Vans Busesf

Peak One Hour

(Vehicles)| (MPH) |(Vehicles)| (MPH) {(Vehicles) (MPH)

211 - 40 | 37 219 61 55 219 6l 55

Peakawo Hours

285 60 { 30 308 96 55 . 308 96 55

Peak Three Hours

291. 66 | 25 314 102 55 314 102 55

74




Table 20

 Total Travel Times

Inbound

1-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 2 - 1983
Sectioh_No. 1 Section No. 2 Section No. 3 .
North Belt to Shepherd to I-610 to
Shepherd - I-610 Hogan Street
4.1 Miles 4.5 Mﬁ]es - 3.1 Miles
Total 3 Hr. Volume 9011 11045 12775 -
(Vehicles). N _
Average 3 Hr. Speed : ‘
(MPH)g P 30 30 b5
Total Travel Time '
(Vehicle Hours) - -lese 1656 720
Total Travel Time '
(Person Hours) 1602 2154 936
Total Travel Time _
in Person Hours 4692
Total Travel Time
3608

in Vehicle Hours

75




Table 21

, Tota] Travel Times

Qutbound

[-45 North Freeway
PM Peak Period

3:00 - 6:00 PM
Year 2 - 1983
Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to I-610 to
- Shepherd 1-610 Hogan Street
4.1 Miles . 4.5 Miles 3.1 Miles .
T 3 . ] : »
e 3y Yolume 14828 15626 18934
?pﬁﬂﬁge 3 Hr. Speed 30 18 20
Total Travel Time
(Vehicle Hours) 2026 3907 2935
Total Travel Time ' y v
| (Person Hours) ' 2634 5079 3816
Total Travel Time
in Person Hours , 11529
Total Travel Time
in Vehicle Hours 8868

76




Table 22
Total Travel Times

CFL Outbound‘

I1-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 2 - 1983
Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to I-610 to
Shepherd [-610 Hogan Street
4.1 Miles , 4.5 Miles . 3.1 Miles
Vans Buses Vans Buses Vans Buses
(‘\}Zﬁlcfe?’)ﬁ Volume 291 66 314 102 314 102
Avera e'3 Hr. Speed
(MPH)g 30 30 55 55 55 55
Total Travel Time _ ‘
(Vehicle Hours) 39.8 9.0 25.7 8.3 17.7 5.7
Total Travel Time , '
Total Travel Time
-in Person Hours 1672
Total Travel Time
in Vehicle Hours 106

77




Table 23
Travel Delays
[-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 2 - 1983

Total Travel Times in Person Hours

Inbound: Freeway Outbound Freeway .
| Lanes Lanes CFL Traffic
Year 2 Traffic
Conditions 4692 11529 - 1672
Traffic Conditions at
55 MPH Average Speed 2985 4487 - 1347
Delay in Person Hours 1707 7041 325

Total Delay
in Person Hours 9073

Tatal Travel Times in Vehicle Hours

Inbound Freeway Outbound Freeway .
Lanes Lanes CFL Traffic
Year 2 Traffic i
Conditions - 3608 8868 106
Traffic Conditions at
.55 MPH Average Speed 2296 3452 ' 84
Delay in Vehicle Hours 1312 5416 o 22

Toté] Delay
in Vehicle Hours: 6750

/8




~Table 24
Travel Delays

I-45 North Freeway
Without CFL
PM Peak Period
- 3:00 - 6:00 PM

Year 2 - 1983

Total Travel Times in Person Hours

Inbound Freeway OQutbound Freeway .
Lanes Lanes CFL Traffic
Year 2 Traffic A |
Conditions without CFL 2985 : 17 : : s027
Traffic Conditions at o
| 55 MPH Average Speed 2985 has7 1347
Delay in Person Hours . 0 | 7261 2280

Total Delay
in Person Hours 9541

Total Travel Times in Vehicle Hours

Inbound Freeway Outbound Freeway .
Lanes. Lanes CFL Trgff1c

:Yéar 2 Traffic

Conditions without CFL | - 229% oo % 217
Traffic Conditibns at. ,

| 55 MPH Average Speed - 2296 _ 3452 _ 84
Delay in Vehicle Hours

0 5585 ' 133"

Total Delay

in Vehicle Hours. 5718

79




Table 25

Average Traffic Volumes and Speeds
Inbound

I1-45 North Fréeway

PM Peak Period
3:00 - 6:00 PM

Year 3 - 1984
Section No. 1 l Section No. 2 Section No. 3
North Belt to Shepherd to I-610 to
Shepherd I—G%O Hogan Street
Time Period 4i1 M11esA | 4.5 Miles 3.1 Miles
- (Hours) ~ Average Average| Average Average Average Avefage
' ~ Volume Speed Volume Speed Volume Speed
(Vehjc]es)' (MPH) |(Vehicles)|{ (MPH) |(Vehicles)| (MPH)
Peak One Hour 311 | 24 3631 | 30 4629 55
Peak Two Hours . 6700 20 7500 30 9258 55
Peak Three Hours 9624 19 11400 30 13644 55
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Table 26

Average. Traffic Volumes and Speeds
Outbound '

I-45 North Freeway

- PM Peak'Period
. 3:00 - 6:00 PM

Year 3 - 1984

,Section No. 1

Section No. 2

Section'No.'3'

North Belt to Shepherd to I-610 to
Shepherd I-G}O Hogan Street
Time Period 4.1 Miles 4.5 Miles 3.1 Miles
(Hours) — _ ,
| Average Average| Average Average| Average Average
' 1 Volume Speed Volume Speed Volume Speed
(Vehicles)| (MPH) - {(Vehicles){ (MPH) [(Vehicles)| (MPH)
Peak One Hour 5847 - 20 6456 15 7066 20
Peak Two Hours 10964 25 11573 15 | 13644 20
Peak Three Hours|| 15836 | 30 16689 | 15 20222 20




Table 27

Average Traffic Volumes and Speeds
CFL Outbound
I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 3 - 1984
Sebtion No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to 1-610 to
Shephgrd_ I—G}O Hogan Street
Time Period , 471 Miles 475 Miles 3.1 Miles
(Hours) ' . ~ Moo
Average | Average| Average Average| Average Average
VoTume Speed Volume Speed Volume | Speed
(Vehicles) | (MPH) |[(Vehicles)| (MPH) [(Vehicles)| (MPH)
Vans Buses Vans Buses 1Vans Buses|—
Peak One Hour 225 43 20 234 65 55 234 65 55
Peak Two Hours 304 64| 25 | 329 103! 55 | 329 103 55
Peak Three Hours|| 311 70 | 30 | 335 110| 55 | 335 110 | 55

82




Table 28

Total Travel Times

Inbound

1-45 North Freeway

~ PM Peak Period
3:00 - 6:00 PM R

in Vehicle Hours

83

- Year 3 - 1984
Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to 1-610 to
Shepherd 1-610 Hogan Street
4.1 Miles 4.5 Miles 3.1 Miles
Total -3 . Vol S ,
Venicteny 'o1Hme 9624 11400 13644,
| Average 3 Hr. Speed
(HPH) P 19 30 55
TotéllTrave1 Time :
(Vehicle: Hours) 2077 1710 769
Total Travel Time . o Cmn | :
Total Travel Time
in Person Hours . 5923
Total Travel Time '
4556 .




Table 29
Total Travel Times
——Qutbound __
I-45 North Freeway

-PM Peak Period
3:00 - 6:00 PM

in Vehicle Hours

84

Year 3 - 1984
Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to I-610 to
Shepherd I-610 Hogan Street
4.1 Miles .4{5 Miles 3.1 Miles
Total 3 Hr. Volume |
2‘\;2;"]‘}“82’; VoTume 15836 16689 20222
A 3 Hr. Speed
(K«gﬁge P 30 - 15 20
"Total Travel Time ’ : ,
(Vehicle Hours) 2164 5007 3134
“Total Travel Time 2813 a 6509 4074 '
(Person Hours) ‘
Total Travel Time
in Person-Hours 13396
Total Travel Time

10305




Table 30

- Total Travel Times

CFL Qutbound.

I-45 North Freeway
PM Peak Period

3:00 - 6:00 PM
Year 3 -~ 1984
Section No. 1 Section No. 2 - Section No. 3
North Belt to Shepherd to I-610 to
~ Shepherd I-610 Hogan Street
4.1 Miles _ 4.5 Miles 3.1 Miles
- Vans Buses Vans Buses - Vans Buses
T . Vol ' ™ |
emiciany: Votume 311 70 335 110 335 110
?%EQ?QQ 3 Hr. Speed: 30 30 55 55 55 55
Total Travel Time
(Vehicle Hours) 42.5 9.6 27.4 9.0 18.9 6.2
Total Travel Time :
(Person Hours) 370 392 238 369 | 164 254_
Total Travel Time v
in.Person Hours 1787
Total Travel Time
in Vehicle Hours 114

85




Table 31

Travel Delays

I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 3 - 1984

Total Travel Times in Person Hours

86

in Vehicle Hours

Inbogﬂgnggeeway OutboEgﬁegreeway CFL Traffic
year 3. Traffic 5923 13396 1787
Traffic Conditions at |
55 MPH Average Speed 3145 4791 1441
| Delay in Person Hours 2778 8605 346
Total Delay
in Person Hours 11729
Total Travel Times in Vehicle Hours
InbouEgndeeway OutboEgﬂegreeway CFL Traffic
Y i |
A i soraffic 4556 10305 114
Traffic Cbnditions af : '
55 MPH Average Speed 2419 3685 : 90
Delay in Vehicle Hours 2136 6620 24
Total Delay
8780




Table 32
Travel Delays .
I1-45 . North Freeway

Without -CFL
PM Peak Period

3:00 - 6:00 PM
Year 3 - 1984
Total Travel Times in Pefson Hours
Inbound Freeway Outbound Freeway .
Lanes Lanes CFL Traffic

Year 3 Traffic : o |
Conditions without CFL ’ 3145 1364z 4258
Traffic Cdnditions at _ N
55 MPH Average Speed - 3145 - 4791 B 1441
Delay in Person Hours. ‘ 0 V > 8851 2817

Total Delay
in Person Hours __ 11668

':Total Travel Times in Vehicle Hours
Inbouzgnzgeeway "OutboEgﬁezreeway ’CFL Traffic
Year 3 Traffic - - ' ' '
Conditions without CFL} 2419 - 10494 ' 255
Traffic Cohditidnsvat ' _ - .
55 MPH Average Speed 2419 3685 90
ADe]ay in Vehicle Hours 0 6809 - 165

Total Delay
in Vehicle Hours 6974

87




Table 33

Average Traffic Volumes and Speeds
Inbound
I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 4 - 1985
- Section No. 1 I_ Section No. 2 Section No. 3
North Belt to Shepherd to I-610 to
. , Shepherd 1-610 Hogan Street
Time Period 4.1 Miles 4.5 Miles 3.1 Miles
(Hours) - : — -
Average Average| Average Average| Average Average
Volume Speed Volume | Speed Volume Speed
(Vehicles)| (MPH) |[(Vehicles)| (MPH) |{(Vehicles)| (MPH)
Peak One Hour 3643 | 15 3631 30 4629 | 55
Peak Two Hours 7156 15 7500 30 9258 55
Peak Three Hours 10278 15 11400 30 | 13644 | 55
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Table 34

Average Traffic Volumes and Speeds
Qutbound

I-45 North Freeway

PM Peak Period
3:00 - 6:00 PM

Year 4 - 1985

Section -No. 1

l

Section No. 2

Section No. 3

North Belt to Shepherd to I-610 to
- Shepherd 1-610 Hogan Street
Time Period 4.1 M1jes 4.5 Miles 3.1 Miles
(Hours) Average Average| Average Average| Average | Average
“Volume Speed Volume Speed Volume Speed
(Vehicles)| (MPH) (Vehicles)| (MPH) |(Vehicles)| (MPH)
Peak One Hour 6245 15 6895 15 7546 15
Peak Two Hours 11710 15 12360 .15 14572 15
Peak Three Hours 16912 20 17824 15 21597 20
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Table 35

Average Traffic Volumes and Speeds
CFL Qutbound

I-45 North Freeway

~ PM Peak

Period

3:00 - 6:00 PM
Year 4 - 1985

Time Period
(Hours) .

Section No. 1

Section No. 2

Section No. 3

North Belt to Shepherd to I-610 to
Shepherd I-610 Hogan Street
- 4.1 Miles 4.5 Miles 3.1 Miles
Average Average| Average | Average| Average Average
Volume Speed Volume Speed Volume Speed
(Vehicles)| (MPH) |{Vehicles)| (MPH) |(Vehicles) (MPH)
Vans Buses [Vans Buses Vans Buses

Peak One Hour

240 46 15

250 69 50

250 69 | 50

Peak Two Hours

324 68| 15

351 110 50

351 110 | 50

Peak Three-Hours f

332 75| 15

358 117 50

258 117 50
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Table 36
Total Travel Times

Inbound

1-45 North Freeway

PM Peak Period
3:00-- 6:00 PM

in Vehicle Hours

91

Year 4 - 1985
Section No. 1 Section No. 2 Section No. 3
North Belt to Shepherd to I-610 to
Shepherd S I1-610° Hogan Street
4.1 Miles 4.5 Miles 3.1 Miles
Total 3 Hr. Volume
(Vehicles) - 10257 11400 13644
Average -3 Hr. Speed
(MPH) A 15 30 55
Total Travel Time
(Vehicle- Hours) 2804 1710 769
Total Travel Time .
(Person Hours) 3645 - 2ea3 1000
Total Trave]lTime
in Person Hours 6868
Total Travel Time
5283




Table 37

Total Travel Times

Qutbound

I-45 North Freeway

PM Peak Period -
3:00 - 6:00 PM

Year 4 - 1985
Section No. 1 Section No. 2- | Section No. 3
North Belt to Shepherd to 1-610 to
Shepherd 1-610 Hogan Street
4.1 Miles 4.5 Miles . » 3.1 Miles
- . 3 . 7 . - ° .
{‘\;gﬁ}c]e?‘; Volume 16912 17824 21597
?pg;§ge 3. Hr. Speed 15 15 | 20
Total Travel Time L
(Vehicle Hours) - 4623 5347 3348
Total Travel Time: : , SR
(Person Hours) 6009 6951 ;4352

Total Travel Time
in Person Hours ‘ - 17312

Total Travel Time ' ,
in Vehicle Hours 13318
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Table 38
' Tbta]'Trave] Times

CFL Outbound.

1-45 North Freeway
PM Peak Period

3:00 - 6:00 PM
Year 4 - 1985
Séction No. 1 Sectfon No. 2 Section No. 3
North Belt to Shepherd to 1-610 to
. Shepherd - 1-610 Hogan Street
4.1 Miles 4.5 Miles 3.1 Miles
Vans. Buses Vans ' Buses Vans Buses
(‘\}Zﬁlcf’e?‘; Volume 332 75 | 358 117 358 117
o3¢ 3 fir. Speed 15 - 15 50 50 50 50
Total - 1 Time
emicioe e 9.7 20.5 32.2  10.5 22.2 7.3
Total Travel Ti |
(Person Hours) 789 . 841 280 432 193 297
Total Travel Time :
in Person Hours 2632
Total Travel Time
in Vehicle Hours 183
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Table 39
Travel Delays
I-45 North Freeway

. PM Peak Period
3:00 - 6:00 PM

Year 4 - 1985
Total Travé1 Tfmes in Person Houfé -
IhbouEgnggeeway OutboEgiegreeway CFL Traffic
e oraffic 6868 | 32 | 2632
el B Y
Delay in Person Hours 3661 12195 1095

Total Delay
in Person Hours 16951

Total Travel Times in Vehicle Houré

Inbound Freeway Outbound Freeway | : .
Lanes _ Lanes CFL Traffic

Year 4 Traffic

Conditions 5283 - 13318 183
‘Traffic Conditions at | |

55 MPH Average Speed - 2466 | 3936 | 96
Delay in Vehicle Hours 2817 9382 87

Total Delay
in Vehicle Hours 12286
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Table 40

Travel Delays

I-45 North Freeway

Without CFL
PM Peak Period

3:00 - 6:00 PM
Year 4 - 1985

| Total Travel Times in Person Hours

Inbound Freeway | - Outbound Freeway .
Lanes Lanes CFL Traffic
Year 4 Traffic
Conditions without CFL 3207 17528 4950
Traffic Conditions at
55 MPH Average Speed 3207 5117 1537
LDe]ay in Person Hours 0 12411 3413

Total Delay
in Person Hours 15830

Total Travel Times in Vehicle Hours

Inbound Freeway Qutbound Freeway _ .
Lanes Lanes CFL Traffic
Year 4 Traffic
Conditions without CFL 2466 13485 327
Traffic Conditions at
55 MPH Average Speed 2466 3936 96
Delay in Vehicle Hours 0 9549 231

Total Delay
in Vehicle Hours: 9780
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