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1. SUMMARY

This report presents control measures that, if fully implemented,
will allow achievement of ambient air quality standards in the Greater
Houston Area by 1977. The study was directed toward measures to control
"Set II" pollutants, specifically photochemical oxidants and carbon
monoxide. There is no identified carbon monoxide problem in the Greater
Houston Area. An ozone measurement study was performed on the upper Texas
Gulf coast between April and June of 1972. This study identified a
regional photochemical oxidant problem of major magnitude. As a result
of this study, the baseline maximum one-hour oxidant concentration was
revised upward to 0.315 ppm (630 ugm/m3).

After careful evaluation,a total hydrocarbon emission reduction goal
of 75% was established to meet photochemical oxidant standards in the
Greater Houston Area. Calculations were performed to determine the total
hydrocarbon emissions from all sources including motor vehicles, and to
estimate the reduction possible with present stationary source regulations
and Federal motor vehicle emission controls. This initial evaluation
determined that the ambient air quality standards could not be met by
1977, even with zero mobile emissions, unless hydrocarbon emissions from
stationary sources are also reduced significantly.

Stationary Sources

Based on,these findings, the Texas Air Pollution Control Board
Staff reviewed their inventory of hydrocarbon sources in this region,
and reevaluated the reductions that might be realized by imposing the

present regulations and additional proposed restrictions.(4) This study



resulted in a new estimate of hydrocarbon emissions from point sources
and a recommendation that Regulation V be tightened significantly. Since
it was clear that stationary source as well as mobile measures were
required to reduce hydrocarbon emissions enough to meet the photochemical
oxidant standards, the results of the above study and further investiga-
tions into potential stationary source reduction measures were included
in this evaluation. Additional consideration was given mainly to the
control of evaporative emissions from gasoline marketing and solvent
users; and with regulations to control fugitive emissions from process
industries.

Mobile Sources

The potential measures for reducing mobile source emissions fall into
three major groups: control individual vehicle emissions, traffic flow
improvements, and reduce vehicle use. Control of individual vehicle
emissions involves a multifaceted program affecting both old and new
vehicles. Federal motor vehicle emission controls and changes in vehicle
engine design will reduce emissions from new vehicles. Vehicle inspection/
maintenance can significantly reduce emissions by insuring all in-use
motor vehicles are in proper working order, particularly the emission
control devices. Retrofit programs can reduce emissions from in-use
vehicles by the installation of emission control devices or, a special
case, conversion to gaseous fuels. The effectiveness and need for retro-
fit measures is decreased over time as pre-1975 control vehicles are
phased out of the population. A public attitude survey taken in the

Houston area indicates there is presently strong public support for an



inspection/maintenance program, and Houston area residents generally

support a retrofit program if it is not too costly. Figure 1-1 summarizes
the reduction in total hydrocarbon emissions from motor vehicles through

the present Federal motor vehicle controls and various inspection/maintenance

and retrofit options.

Traffic flow improvements will potentially reduce emissions by in-
creasing vehicle speeds and reducing their idling times in traffic. These
types of measures are not effective in the Greater Houston Area because
levels of traffic service and average travel speed are quite high for an
urban area this size. The net result of flow improvement programs is
likely to be the preservation of the existing level of service under
higher future traffic loads rather than an increase in average travel
speed. Reduction in emissions with increases in travel speed becomes quite
marginal at speeds above 20 MPH, particularly as post-1975 vehicles become

a greater percentage of the vehicle fleet (see Figure 1-2).

The most direct way to reduce emissions from motor vehicles is to
reduce their use. This general goal can be approached by three types of
measures: reduce trip requirements, provide transportation alternatives
or establish vehicle restraints. It is generally found that there is no
way, except on a voluntary basis, to reduce trip requirements. Since
travel requirements cannot be diminished, some form of transportation
alternatives must be provided. These can be in the form of public transit
or could include schemes to increase individual vehicle utilization , such
as car pool incentives. A major transit improvement program for the
Greater Houston Area is currently in the final stages of plan definition.
This program constitutes an order of magnitude improvement over existing

3
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transit service, however, it appears highly doubtful that the first phase

of this transit system could be completed by 1977 without immediate commit-

ment and expenditures.

Better efficiency in auto use through shared trip making could signi-
ficantly reduce VMT, and therefore, emissions. Car pools are an obvious
method to increase this efficiency. The public attitude survey conducted
in the course of this project indicates that nearly 40% of the respondents
are interested in work commute car pooling; however, 70% indicated they
would have significant difficulties in joining or organizing car pools.
Since one obstacle to car pooling appears to be infarmational, i.e.,
making persons with similar trip requirements known to each other, a
computer matching service might be particularly helpful. Although this
type of program will probably not induce sustantial shifts to car pools,
experience in administering an information program will be required in
case restrictive driving measures are needed before adequate public
transportation is available. Better utilization of the private auto-
mobile fleet would be the only transportation alternative available in
that situation.

Providing vehicle restraints, the last general category for reducing
VMT and the most effective, can be approached by land use controls; or
direct regulation of road use, fuel use or auto ownership. Vehicle free
zones make a positive contribution to mobile source emission reduction;
however, reduction credits resulting from this measure have not been

quantified and no specific proposals for vehicle free zones have been

developed. Free zones are encouraged wherever they respond to other

planning goals and objectives.



Parking control measures have the objective of reducing VMT by in-
ducing car pooling and shifts to public transit. Despite some drawbacks,
parking control measures are desirable in the Houston Central Business
District (CBD and other activity concentrations which are now or will be
served by adequate public transit.

The imposition of tolls on freeways is a method most often put forward
for regulating road use. The imposition of tolls on the Houston area free-
ways is not recommended because the design of the freeways make conven-
tional tolling inefficient. In addition, a high percentage of those priced
off the freeways by tolls may drive on surface streets rather than shift
to car pools or transit. This could produce increased emissions as a
result of reduced travel speed and increased idling on surface streets.
Most important, however, tolling measures tend to be regressive. Those
priced off the roads will primarily be low income persons.

Tax disincentives are very difficult to access. Schemes to reduce
vehicle nﬁ)eage by gasoline pricing are not very effective. Major in-
creases in price do not appear to affect consumption. People are willing
to pay for the convenience of using their cars. Generally, low taxes
are ineffective in reducing VMT and high taxes tend to be regressive.

The public attitude survey indicates there will be rigorous objections
by the public to high taxes.

Even though measures which -cost less would not be effective in
reducing VMT, they should be given consideration as a means to obtain
revenue to subsidize mass transit.

Gasoline rationing is a direct restraint on vehicle mileage and

therefore, emissions. Any direct vehicle restraint will be extremely



objectionable to the public. However, should one be required, gas ration-
ing appears to be the most effective approach. It can be implemented easier
than any other identified direct restriction.

Figure 1-3 presents the percent of vehicle mile travel reduction
versus total hydrocarbon emission reductions considering various indivi-

dual auto control starting points.

Proposed Control Strategy

The proposed strategy is phased so as to take advantage of legisia-
tive or judicial remission, technology development and changes in require-
ments resulting from a better understanding of the air pollution problem
in the Greater Houston Area. In its fully implemented form, it will allow
air quality standards to be met by the 1977 due date. Phase I measures
have substantial justification, either in terms of significant air quality
improvement or other urban needs. Present jusitification for Phase II
measures is tentative at best. The final decision to implement them
must be based on a better demonstration of the need for further hydro-
carbon emission reductions than is now available. Figure 1-4 summarizes
the emission reductions possible from implementation of Phase I and

Phase II of this proposed control strategy.

Phase I Measures

1. Continue evaluation of control measures - Expand the air moni-
toring program in the Greater Houston Area to include more stations and
gas chromotography at selected stations. Initiate a regular review of
the air quality and emission inventory data to determine if adjustment
of the emission control strategy is required to meet ambient air standards.
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2. Stationary source measures - Tighten and expand the Regulation V
stationary source controls as recommended by the Texas Air Pollution Control
Service's study. Broaden the coverage of Regulation V to include all
counties in the region.

3. Mandatory inspection/maintenance - Implement an annual inspection/
maintenance program for in-use vehicles. An idle emission test performed
in conjunction with the annual safety inspection is the method recommended.

4. Mass transit - A substantial improvement in mass transit is re-
guired in the Greater Houston Area. Based on this need and recognizing
the extensive studies that have been performed, it is recommended that
Phase I of the Houston Transit Action Program be implemented as soon as
possible.

~ 5. Parking measures - It is recommended that parking measures be
instituted in all high density areas. These include strict enforcement
of existing parking regulations, elimination of preferential rates for all
day parking, and establishment of procedures to control parking availa-
bility as adequate mass transit is provided.

6. Car pool incentives - Initiate a formal information program
with the aim of increasing the amount of voluntary car pooling. This
program should include a computer matching element.

It is estimated that measures 4, 5 and 6 will bring about a 3 to
5 percent reduction in VMT. The resulting decrease in emissions are

shown in Figures 1-3 and 1-4.

7. Fugitive and evaporative emission controls - (a) Promulgate
regulations to control evaporative hydrocarbon emissivns from all gaso-
line marketing levels. (bg Promulgate regulations to control all re-
active hydrocarbon emissions from solvent users. (c) Promulgate regu-
lations to attack fugitive losses from all process industries.

Phase II Measures

If at the end of the evaluation period in 1974 it is determined
that additional hydrocarbon emission reductions are required, those
reductions can be obtained through implementation of the following

measure:

N



8. Motor vehicle emission reduction - (a) Retrofit a catalytic con-
verter on all 1968-1974 automobiles and reduce the vehicle miles trave]gd
during the summer and fall months by 30% or (b) no major vehicle retrofit
program and reduce vehicle miles traveled by 50% during the summer and
fall months. The method recommended to effect the vehicle mile reduction
is gasoline rationing.

As is obvious, implementation of the Phase II measure would be very
difficult. Rigorous objections at all levels of government, industry and
the public can be expected. For that reason, it is not recommended unless
and until the need for additional (over Phase I) hydrocarbon emission re-

ductions are substantiated by additional ambient air quality monitoring.

1.1 LIMITATIONS OF THE TRANSPORTATION CONTROL STRATEGY ANALYSIS

To be acceptable, an air pollution control strategy must reduce
emission levels consistant with the attainment and maintenance of National
Ambient Air Quality standards: Additionally, an implementable trans-
portation control strategy must consider the economic factors associated
with its adoption as well as the social and political changes necessary to
accommodate each specific control measure. The air quality benefits must
be b.":~ced against the social and economic dislocation cost by its imple-
mentation. Limitations in the data and analytical methods became obvious
during the course of the study, and care must be taken in the interpreta-
tion and evaluation of the control strategy recommendations. The proposed
control strategy must be considered as an initial attempt to quantify the

relationship between transportation processes and the regional air pollution
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problem. Further study is indicated and should be used to modify this
baseline effort. Several specific areas which need to be confirmed and

validated by future study are listed below.

Air Quality Monitoring - The air quality monitoring network in this area

is in its infancy. Substantial expansions are required to obtain data
good enough to base decisions upon. The trend of ambient measurements
during the period before the target year of 1977 must be carefully watched
and used to adjust control measures according to observed conditions.
Further, specific high measurements obviously due to adverse meteorological
conditions may be considered as episode control situations and should not
require the imposition of long term transportation control strategies for
their solution.

Emission Factors - The mobile source emission estimates in this study

are based upon the best available emission factors. These emission factors
are being revised in Tight of in-use and new vehicle testing programs

being conducted by the Environmental Protection Agency. It is highly
recommended that new emission factors be utilized as they become available
to recompute the severity of the mobile source generated emission in the
region.

Preliminary data indicates that emissions generated during the first
few minutes of vehicle operation represent a large portion of the total
emissions during any individual vehicle trip. This implies the reduction
in the total vehicle trips may be more important than reducing the vehicle
miles traveled. Unfortunately, the data relating to this phenomenon were

not sufficiently developed to be used in this study.

13



Traffic Data Projections - Historically. traffic data projections

have not been collected with the view of estimating motor vehicle emissions.
The data, including vehicle flow speeds and modal mixes, were reworked

into the format necessary for emission calculations. Potential inaccuracies
were introduced by this process. Further, projections in vehicle growth
have been prepared by various agencies and little unanimity has been found
concerning appropriate growth rates. Changes in traffic as well as ambient
air quality should be closely monitored between now and 1977 so that devia-
tions can be determined and appropriate adjustments made in the control
strategy. It should be noted that stationary source estimates also suffer
frominaccuracies in the projection of industrial growth and in quantifying
expected results from the application of as yet untested control technologies.

Analytical Technique - The key calculation in control measure assess-

ment is relating emission levels to expected ambient air quality. Due to
time and contractual constraints, it was not possible to utilize sophisti-
cated modeling techniques to develop this relationship. Therefore, control
strategy reductions were based on a rollback technique that relates existing
emissions and air quality on a proportional basis. The use of modeling is
highly recommended since it can consider the effects of local meteorological
and topographical features and describes the geographical extent of the
regional air pollution problem. Such procedures, using models now under
development, should be performed between now and 1977, and the results

used to modify (if required) the control strategy recommended in this

document.
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1.2 CONCLUSIONS AND RECOMMENDATIONS
Presented below are the major conclusions and recommendations that
have emerged as a result of this study.

Conclusions

o Photochemical oxidants and total hydrocarbons are well
above the national standards a significant portion of the
time in the Houston area.

e Stationary source as well as mobile source reductions are
required to allow the ambient standards to be met.

e There is no adequate definition of the actual effect that
emission levels have on ambient air quality in the Greater
Houston Area. The present air quality measurements and the
accuracy of the emission inventory are not sufficient to
develop this relationship.

® Significant reductions in hydrocarbon emissions can be
obtained by tightening Regulation V.

e Annual inspection/maintenance is necessary to obtain full
benefit from Federal motor vehicle emission controls.

o Traffic flow improvements offer only marginal positive
contributions to air quality.

e A substantial improvement in mass transit is required
in the Greater Houston Area. The Houston Transit Acticn
Program is a major step in the right direction; however,
it is questionable whether the key elements can be
completed by the 1977 air quality deadline.

e Substantial mobile source emission reductions over those
that can be achieved through individual vehicle emission
controls can only be obtained by direct reductions in
vehicle miles traveled.

® The use of vehicles cannot be significantly restrained
without providing some alternate means of transportation.

® Pricing schemes (including taxes) to discourage auto
travel are largely ineffective and heavily regressive.

e Gas rationing appears to be the most directly effective
and administratively viable means of imposing VMT reductions.

15



Recommendations

It is recommended that the Phase I control measures be implemented.
The measures have substantial justification, either in terms of signi-
ficant air quality improvement or other urban needs. The final deci-
sion regarding implementation of the Phase II measure should be deferred
until the need for additional (over Phase I) hydrocarbon emission re-
ductions are substantiated by further ambient air quality monitoring and
a review of the air quality standards in light of the cost to achieve

them.
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2. INTRODUCTION

This report presents the results of a program to evaluate potential
control measures that will allow the achievement of air quality standards
for oxidants and hydrocarbons in the Houston-Galveston Region by 1977.
The measure evaluations include an assessment of their technical effec-
tiveness and institutional/social feasibility. The program was performed
by Transportation and Environmental Operations of TRW, Inc., in conjunc-
tion with the DeLeuw, Cather and Company organization, a fully owned
subsidiary.

Region Description

The Houston-Galveston area is part of air quality control region
(AQCR) 7. The region is composed of 13 counties with an area of 12,428
square miles, and is located on the coastal plains in the southeastern
part of Texas (see Figure 2-1). The entire land area of the region is
very flat with no characteristic geomorphic features. Altitude varies
from sea {eve1 on the coast to a maximum of 450 feet in Walker County
to the north. The region encompasses the San Jacinto coastal basin and
is drained by the Trinity, San Jacinto, Colorado and Brazos Rivers and
many minor tributaries. The climate is hot and humid. Temperatures
range from 44°F (mean minimum) in January to 93°F (mean maximum) in
July. Rapid temperature changes are rare. The annual rainfall averages
45 inches and occurs primarily in the spring and fall.

The major natural resources are the fertile soil, abundant oil and
natural gas deposits, abundant sea life and excellent access for ocean
shipping. The region has experienced a very strong economic growth (it

is one of the fastest growing areas in the United States), and a
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continuation of this strong economic growth is anticipated assuming no
artifical disincentives are introduced.

According to the 1970 census, AQCR 7 has a population of 2,305,106
people. Houston's population increased 39% during the 1960s which was
the fastest rate of growth in any of the nation's ten largest cities.

The Greater Houston Area consists of Harris County and the seven counties
surrounding it: Brazoria, Chambers, Fort Bend, Galveston, Liberty,
Montgomery and Waller counties. The Greater Houston Area population

is projected to grow to 5 million people by 1990 and 9 mill1ion by 2020.
Industrial expansion with its attendant increase in jobs (double by 1990)
will cause an increase in industrial and vehicular emission problems
unless controlled.

The focus of this study, both in problem evaluation and measure
effectiveness assessment, is the Greater Houston Area. Results may not
be applicable to either the other counties in the Air Quality Control
Region or to the rest of the state.

Problem Definition and Program Description

The Texas Implementation Plan submitted January 28, 1972, classified
the Houston area as a class I region for hydrocarbons, photochemical
oxidants and nitrogen oxides and a class III region for carbon monoxide.
Air quality and emission inventory data can be found in Appendix A.
Nitrogen oxide concentrations were slightly over standards and it was
estimated that NO, levels would be within criteria by 1975 as a result
of present regulations and measures. In addition, there are potential
alterations to the standard methods for measuring nitrogen oxides; there-

fore, this study did not call for development of strategies to control

19



them. Because the region was classified as priority III for carbon
monoxide and since there was no further evidence of localized problem
areas, no strategies were investigated specifically for this pollutant
either. A1l efforts were directed to developing strategies that would
allow air quality standards for photochemical oxidants and hydrocarbons
to be met. There was a basic groundrule that air quality could not be
degraded in another area or by a different pollutant as a result of any
strategy used to meet criteria.

The Texas Implementation Plan reported the maximum one-hour photo-
chemical oxidant concentration as .15 ppm (300 ugm/m3). Based on this
measured level, Federal regulations specified a 50% reduction in total
hydrocarbons to meet the required photochemical oxidant standard.(1)(2)

A study was performed during April, May and June (1972) to measure
ozone by the chemiluminescent method at seven sites along the upper Texas
Gulf coast. Four of these sites were in the Greater Houston Area.(3)
During this test, ozone concentrations exceeded the national standards
a significant portion of the time. Levels in excess of .3 ppm (600 ugm/m3)
were recorded. A summary of this data can be found in Appendix A.

Based on this study the oxidant problem was identified as regional in
nature with no indication of local hot spots. In addition, the baseline
maximum one-hour oxidant concentration was revised upward to .315 ppm

(630 ugm/m3)“ Utilizing this baseline oxidant concentration, the regu-
lations would require a reduction of near 100% of the hydrocarbon emissions
to achieve national photochemical oxidant standards. Since this was

deemed impractical, EPA authorized use of a formula wherein a direct

percentage reduction in hydrocarbon emissions would be assumed to cause

20



an equal percentage reduction in the maximum one-hour photochemical
oxidant concentration. Based on this formula, a 75% reduction in total
hydrocarbon emissions is required. Since the “"degree of total hydrocarbon
emission reduction necessary.for attainment and maintenance of the
national standard for photochemical oxidants will also be adequate for
attainment of the national standard for hydrocarbons,"(z) no further
reductions are required.

The program purpose then is to develop transportation control strat-
egies (measures) that will reduce total hydrocarbon emissions in the
Greater Houston Area by 75%. These strategies must be technically and
institutionally feasible, and legal authority to implement the measures

must be available or obtainable.
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3. CONTROL STRATEGY DEVELOPMENT

A 75% reduction in total hydrocarbon emissions is required in the
Greater Houston Area to meet the air quality standards for photochemical
oxidants. Before measures to achieve this reduction were evaluated, the de-
crease in emissions that would automatically result from Federal motor
vehicle emission controls, previously programed transportation system
improvements, and current stationary source emission regulations was
estimated. This estimation defined the magnitude of required additional
emission reductions.

3.1 EMISSION ESTIMATES

The estimated hydrocarbon emissions from the major source categories
are presented in Figure 3-1. Projections are included for 1975, 77, 78,
and 80. These emission estimates are based upon regulations now on the
books, including Federal motor vehicle and Texas stationary source con-
trols. The projections in stationary source emissions are based on a 3%
increase, but consider that most of the increases will be in new
or modified facilities which require application of better technology
under the Texas Permits Program. The projections for motor vehicles
are based on a 6%/year increase in vehicle miles traveled. These trends
conform with recent historical data. A more complete discussion of
source emissions and projections can be found in Appendix A. Traffic
and vehicle population data used to predict the vehicle contributions
can be found in Appendix B. The computer program used to calculate the
predicted motor vehicle emissions (and effect on air quality) is des-

cribed in Appendix G. It is apparent from Figure 3-1 that the required
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reduction in hydrocarbon emissions cannot be achieved by only imposing
transportation controls. This reduction goal cannot be met even with
zero emissions from motor vehicles, unless hydrocarbon emissions from
stationary sources are also reduced significantly.
3.2 CONTROL MEASURES CONSIDERED

It is clear that stationary source as well as mobile measures are
required to reduce hydrocarbon emissions enough.to meet the photochemical
oxidant standards. Detail evaluation of stationary source measures fall
outside the scope of this study; however, an estimate of the reductions
required to meet air quality standards and the effectiveness of control
measures available is required.

3.2.1 Stationary Source Measures

As a result of the above findings, the Texas Air Pollution Control
Services undertook a study to reevaluate their hydrocarbon emission
regu]ations.(4) This study included a review of all industrial point
source categories and resulted in a recommendation that Regulation V be
extended to include ethylene released from consuming plants and expanded
to include smaller tanks; and all vents not now abated from all of the
significant sources in the process industries. Application of this
tighter regulation to all counties in the Greater Houston Area results
in the reductions shown in Figure 3-2. The improvement is substantial
but still not enough to allow the reduction goal to be met by the appli-
cation of transportation controls.

Area sources are now a significant portion of the total hydroc;rbon

emissions. Two of the most significant categories of area sources are

evaporative losses from gasoline marketing and from certain solvent
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user categories. Several methods are available for controlling evapora-
tive losses from gasoline marketing. These include an adaptive pump
nozzle, absorber or condenser system and/or a vapor return and recovery
system. Approximately 70% of the vehicles on the road, mostly domestic,
can be serviced from one adaptive pump nozzle. The average cost of
equipping service stations in the Houston area with evaporative recovery
systems would run approximately $2000 per station. Developmental and
distributional problems may 1imit the availability of this type of equip-
ment for the near term. Furthermore, the economic impact of this con-
trol approach should be further investigated. Appendix F presents a
report on some of the experiences the San Diego Air Pollution Control
District have had with implementing an emission regulation that affects

gasoline marketing.

Controlling the Reid vapor pressure on a seasonal basis in the Houston
area should be considered. THis could yield a significant reduction in
evaporative losses with a moderate impact on overall marketing operations.
Some drivability problems (during startup) may occur, although they should
be of a minimal nature.

Further reductions in hydrocarbon emissions can come through control
of organic solvents. Dry cleaners, printers, degreasing operations, etc.,
could be required to incinerate or absorb evaporative emissions. There
are certain organic solvents which have been shown to be virtually unreactive
in the formation of oxidants, and still others which have a low reactivity.
Substitution of these compounds for high reactive compounds should be en-

couraged. Emissions from architectural coatings can be reduced by requiring
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the use of water base or otner coatings naving an inorganic solvent
content of less than 20%.(2)

Implementation of area source regulations of the type described
above would result in total hydrocarbon emissions, as shown in|Figure 3-3.
Figure 3-4 is a comparison of hydrocarbon emissions in the Greater
Houston Area in 1977 based on the three levels of stationary source
controls described.

Some additional point source reductions could be obtained through
the application of a regulation attacking fugitive losses. Fugitive
losses are defined as hydrocarbon emissions escéping from pumps, com-
pressors, valves, etc. in process operations. Fugitive losses are the
largest single remaining category within the point sources; however, to
substantially reduce them would be a major task with an additional

20% reduction the most that could be hoped for.
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3.2.2 Mobile Measures

A Targe number of potential measures to reduce mobile source
emissions have been identified. Table (3-1) lists the control measures
seriously considered for the Greater Houston Area. The measures have
been aggregated into groups based on the primary effect they are intended
to achieve. The following is a brief discussion of each category with
some discussion of subgroupings.

3.2.2.1 Control Individual Vehicle Emissions

Reducing emissions at the source involves a multi-faceted program
affecting both old and new vehicles. Federal motor vehicle emission
controls and changes in vehicle engine design will reduce emissions from
new vehicles. Vehicle manufacturers are the responsible agent, and they
pass along the cost of this effort to the car buyer. Vehicle inspection/
maintenance can significantly reduce emissions by ensuring all in-use
motor vehicles are in proper working order, particularly their emission
control devices. The required programs are administered by the state.
The operating costs are passed directly to the user, but start up costs
may be subsidized by state or federal agencies utilizing tax revenues.
Retrofit programs can reduce emissions from in-use pre-1975 vehicles by
installation of emission control devices or (a special case) conversion
to CNG or LPG. In this case, the state generally assumes the responsi-
bility for the administration of the necessary programs. The costs are
passed on directly to the user or may be subsidized by state agencies
utilizing tax revenues. Effectiveness and need for the retrofit measures
is decreased over time as pre-1975 control vehicles are phased out of

the vehicle population.
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Table 3-1 Mobile Source Control Measures

Control Individual Vehicle Emissions

¢ Inspection/Maintenance
Mandatory Maintenance
Diagnostic Inspection
Emission Inspection

lLoaded test
Idle test

¢ Retrofit Measures
Crankcase
. Evaporative
Exhaust

VSAD/LIAF

Air bleed/VSAD

EGR

Catalytic converter _
Capacitive discharge ignition

® Federal Emission Controls

Traffic Flow Improvements

Operational Improvements
New Facilities
Work Schedule Changes

Reduce Vehicle Use

¢ Reduce Trip Requirements
Work Schedule Changes (4-day week)
Other Communications

e Provide Transportation Alternatives

Public Transit
Car pools

@ Provide Vehicle Restraints
Vehicle Free Zones
Parking Controls
Freeway Tolls
Restrictive Ramp Metering
Moritorium on Traffie Improvements
Tax Disincentives
Gasoline Rationing



Inspection/Maintenance Measures - Mandatory maintenance, engine

diagnostic inspection, and exhaust emission inspection are all approaches
to reducing emissions from in-use motor vehicles. A1l approaches are
aimed at ensuring motor vehicles are maintained in a manner sufficient

to keep emissions at a minimum.

The emission inspection procedures include the idle-mode-test (where
emissions are measured during normal vehicle operations at idle). and
various dynamic mode tests (emissions are measured during representative
driving conditions which require the use of dynamometers to provide the
necessary engine loading). Analysis of data presently available does not
indicate any significant difference among the emission reductions achieved
as a result of mandatory maintenance, emission inspection, or engine
parameter inspection measures for the current light-duty vehicle population.
The average initial effectiveness observed is:

® Hydrocarbon exhaust emissions: 20% reduction*

e Carbon monoxide exhaust emissions: 18% reduction*

¢ Oxides of nitrogen exhaust emissions: no significant change*

These results demonstrate that significant emission reductions can
be achieved by the proper servicing of the vehicle population. Estimates
for the cost per vehicle for the various inspection/maintenance measures
are shown in Table 3-2 .(5) These costs estimates are based on a 12-
month inspection interval and a yearly maintenance requirement. If 6-
month inspection intervals were implemented, the cost would be approxi-

mately twice those shown on the table.

*Keyword is initial effectiveness. Overall effectiveness must consider
normal deterioration in performance until next cycle.
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Table 3-2. Yearly Vehicle Owner Costs for Different Inspection/Maintenance

Approaches
Inspectiona Maintenanceb Total®
Cost Cost Cost
Mandatory maintenance $0 $ 55 $ 55
Diagnostic inspection 7 25 32
Emission inspection 2 25 27

qpmmortized initial capital investment plus yearly operating costs.

b . . .
Avgrage cost of maintenace. Assumes all vehicles require yearly
maintenance

c . .
Inspection plus maintenance cost.

As can be seen from the table, the emission inspection approach
appears to be the Teast cost method of providing incentives for proper
maintenance. Emission inspection also appears to be the superior method
because of simple enforcement and flexibility for meeting changing
requirements. Enforcement is simplified by requiring only that the vehicle
meet a specific emission 1imit to be certified. This provides a direct
measure of the desired effect, the 1imits of which can be adjusted as
required to meet clean air goals (on a yearly basis if need be). Enforce-
ment of mandatory maintenance and diagnostic inspection would require very
rigid rules and regulations to be placed on the adjustments and service
allowed on individual autos. The emission test leaves the method of
achieving emissions goals up to the individual car owner (he may opt for
an additional control device to allow tuning for performance rather than
emissions). This feature should make emission testing more acceptable

to the public than the other methods.
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A Public Attitudes Survey taken in the Houston area indicates there
presently is strong public support for an inspection/maintenance program
(see Appendix E). Some 82% of the respondents are in favor and another
10% indicate they are not strongly opposed to such a program. The re-
spondents indentified a charge of nearly $5.50 as a reasonable cost for
the annual inspection, significantly above the actual estimated cost
in the program under consideration. Some 42% of the respondents felt
that the inspection should be done at state operated centers. Nearly
46% favored private garages and service stations and less than 10% favored
ciky operated stations.

Emphasis has been placed by the Federal government on the correla-
tion of any emission inspection procedure to the full Federal test
procedure.(s) Dynamic mode emission tests (which require the use of the
dynamometer) provide the best correlation. Loaded constant speed tests
using tailpipe concentration measurements achieve a satisfactory level
of correlation (a dynamometer is still required to load the engine).
Idle mode concentration tests have, as yet, not been adequate in this
regard. Correlation to the Federal test procedure is important only for
the following reasons. (1) The government believes that unless the
inspection program correlates with the Federal test procedure there may
be no assurance that the use of the inspection as a basis for requiring
maintenance provides any real contribution to the improvement of air
quality. In the absence of such confidence the state might not be elig-
ible for Federal financial support of the inspection program as author-

ized by Section 210 of the Clean Air Act. (2) The government believes
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that an acceptable level of correlation must be achieved to satisfy the
enforcement requirements for the warranty provisions included in Section
2078 of the Clean Air Act. If implemented, the warranty would require
manufacturers to bear the cost of any maintenance necessary to bring
vehicles into compliance within the framework of an in-use vehicle inspec-
tion test, if such vehicles have been properly operated and maintained.
Extensive tests by independent groups such as the Arco Clean Air Caravan
have shown that substantial emission reductions can be claimed for main-
tenance performed as a result of idle emission test results a]one.(7)(8)(9)
The idle test is not as yet able to provide the diagnostic capability of
the loaded emission test. Diagnostic capability is the main advantage

to the Federal test procedures and loaded emission test. The idle emis-
sion test can, however, identify poor performance and that maintenance

is required. The resulting maintenance provides emission reductions -

not the inspection.

Retrofit Measures - Retrofit is defined as an application of any

device or system that may be added to a motor vehicle, and/or any modifi-
cation or adjustment beyond that of regular maintenance which could be
made to reduce vehicular emissions. There are three primary emission
sources in motor vehicles which can be potentially controlled by various
retrofit procedures. For vehicles without emission controls, crankcase
venting typically contributes about 20% of the total hydrocarbon emission
from the vehicle. Another 20% of the total hydrocarbon emission typically
result from evaporative losses from the carburator and the fuel tank
system. Exhaust emissions account for the remaining 60% of the hydro-

carbon emissions, and 100% of the carbon monoxide and nitrogen oxide
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emissions from uncontrolled vehicles. In the Greater Houston Area, the
only identified poliutant problem is photochemical oxidants which require
a reduction in hydrocarbons. Therefore, a retrofit system's ability to

reduce hydrocarbons will be its key evaluation paramete.

Crankcase emissions systems have been installed on automobiles for
some time, therefore crankcase emission retrofit devices will not be con-
sidered. Evaporative emission control systems are more recent on new
cars; however, there are no available retrofit systems for this emission
category. For this reason, retrofit devices to control evaporative emis-
sions will not be considered either. Should a device become available,
substantial reductions in hydrocarbons emissions could be achieved through
its application. Many exhaust emission control retrofit kits have been
evaluated and the results are summarized in an EPA report titled "Control
Strategies for In-Use Vehic]es.“(5 ) The more successful retrofit options
were sited in a draft revision to the implementation regulations,(6 )
and are listed in Table 3-3 with their average pollutant reduction per
vehicle and typical installed cost.

Although there are many potential retrofit options, the measures
listed in Table 3-3 are generally conceded to be the most cost effective
in their individual categories.(S)(ﬁ)(K»(]D As stated earlier, hydro-
carbon reduction efficiency is the key evaluation parameter for retrofit
systems in the Houston area. Therefore, the exhaust gas recirculation
and air bleed retrofits can be eliminated. This is because they are less

effective in controlling hydrocarbon emissions and cost considerably

more than the VSAD/LIAF retrofit device.
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Table 3-3 Effectiveness of Alternate Retrofit Devices

Installed Average Reduction per Vehicle
Retrofit Option Cost HC co NO,

Pre-controlled Vehicles

Lean Idle Air/Fuel Ratio $ 20 25% 9% 23%
Adjustment and Vacuum Spark
Advance Disconnect

Oxidizing Catalytic Converter 195 68% 63% 48%
and Vacuum Spark Advance

Disconnect

Air Bleed to Intake Manifold 60 21% 58% 0%
Exhaust Gas Recirculation and 110 12% 31% 48%

Vacuum Spark Advance Disconnect

Controlled Vehicles

Oxidizing Catalytic Converter $175 50% 50% 0%

Exhaust Gas Recirculation a0 0% 0% 40%

The vacuum spark advance disconnect (VSAD) is a retrofit device which
can be installed in all used cars up to and including 1970. It disconnects
the vacuum spark advance except when a thermostat switch senses the car
is tending to overheat. In that case, the advance is reconnected until
the engine cools down. The lean idle air fuel adjustment (LIAF) requires
tuning for a low idle engine rpm with a high air to fuel ratio, normally
14 to 1. A single measure made of the two combined retrofit approaches
is very cost effective and results in significant reductions in both
hydrocarbons and nitrogen oxides for affected vehicles. This option is
very easy to implement, however, it must be accompanied by a means to

protect against engine overheating, particularly with older cars of
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marginal cooling capacity. Part throttle economy and performance is
degraded slightly and may be the source of some complaints from the public.
The oxidizing catalytic converter is highly efficient in the reduc-
tion of hydrocarbon and carbon monoxide emissions. On older cars it
would require detuning to allow the car to run on lead free gasoline and
should include the vacuum spark advance disconnect retrofit to improve
effectiveness with nitrogen oxides. The actual converter is a device
installed in the engine exhaust system between the exhaust manifold and
the muffler. The converter catalyst can be "poisoned" by leaded fuel
although recent prototype tests have shown the catalyst to be somewhat
tolerant of lead-containing fuel if it is not used more than 10% of the
time.GZ)
Houston area residents generally support a retrofit program if the
cost is relatively Tow. In a recent survey, 71% indicated they would
favor a retrofit program costing about $50 and another 9% indicated
they would not have strong objections to it. (See Appendix E) If the
retrofit to pre-1975 vehicles were to cost $200, only some 35% would
support it. The inference is that the public feels a retrofit program
for pre-1975 vehicles is a reasonable request if it is not too costly.
Gaseous fuel conversion is a special case of vehicle retrofit.
Within the near future only three types of gaseous fuels can be seriously
considered as alternatives to gasoline for powering motor vehicles:
liquified petroleum gas (LPG), compressed natural gas (CNG), and liquified
natural gas (LNG). These fuels are inherently clean burning and produce

fewer hydrocarbons than gasoline owing to their lower molecular weight
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and carbon content. Modification to gaseous fuel requires the installa-
tion of a special carburetor, special tank (pressure tanks for LPG and
CNG, and cryogenic tanks for LNG), pressure regulating devices, shutoff
valves and fuel lines. This is generally regarded as a simple conver-
sion although more sophisticated modifications like engine gas recircu-
Tation and catalytic converters can also be added for futher reductions.
For simple conversion, the cost of modifying an in-use 1ight duty vehicle
to CNG or LPG ranges from $350 to $500, while conversion to LNG may cost
from $800 to $1000. Large scale mandatory conversion of motor vehicles
to gaseous fuels is unwarranted in Houston because the fuel supply and
distribution network is very limited. Conversion of large numbers of
vehicles and implementation of an adequate fuel distribution system
would be extremely expensive. Considerable efforts are underway to meet
stringent 1975-76 Federal emission standards through modification of
conventional gasoline engines. If successful, these efforts would obviate
the need for gaseous fuel systems. (Simple conversion systems would be
unable té meet the 1975-76 standards without further engine modifications
and supplemental equipment.) Given the substantial initial cost asso-
ciated with conversion to gaseous fuels, fleet owners could also be
expected to resist strongly any governmental attempts to require fleet
conversion as a short term air pollution measure. On the other hand,

it is appropriate that the conversion of pre-1975 gaseline powered
vehicles to gaseous fuels be encouraged by providing tax incentives.

With adequate tax incentives and the economics inherent in gaseous fuel
operation, large fleet owners may find it to their economic advantage

to proceed with the high cost of conversion. A1l such action should be

4 0909050607

encourage
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3.2.2.2 Traffic Flow Improvements

Measures to achieve emission reductions through improved traffic
flow fall in two categories: construction of new major traffic facilities
(freeways, expressways and major arterial Tinkages) and operational
improvements to existing streets and highways. The emission reductions
are brought about by increases in vehicle speeds, reduced idling, and a
general shortening of trip times.

Major facility construction normally enables significant increases
in vehicle travel speed in the corridors affected but also tends to
activate latent travel demand. 1In the long run this reinforces auto
dependence and increases vehicle miles traveled. Over the short range
time frame of primary concern in this study (to 1977) the air quality
impacts of new traffic facilities can be assumed positive. The most
significant major new facility which will come into use in the time
period of concern is the East Loop Freeway (I-610). Though its impacts
on air quality in that period will be positive, its contribution in terms
of regional air quality is too small to quantify.

Operational tmprovements to existing streets and highways cover a
broad range of programs. These include freeway improvements such as
ramp metering and removal of bottlenecks; and surface street improve-
ments such as areawide signal system integration, intersection channeli-
zations, minor widenings of streets and intersection approaches, insti-
tution of one-way street systems and the 1ike. Because they do not pro-
duce dramatic shifts in accessibility, operational improvements generally
do not lead to activation of latent travel demand and their impact on

emissions and air quality over the study period is assessed as positive.
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A number of traffic operational improvement programs are ongoing in the
Greater Houston Area. Freeway ramp metering is already utilized on the
Gulf Freeway and produces positive flow improvements. Metering has the
added utility of enabling bus priority entry to freeways and could also
be used in the future as a vehicle restrictive measure rather than for
flow improvement purposes. Other extensive traffic flow improvement
programs for surface streets are also ongoing in the various responsible
Jurisdictions. However, operational and flow improvements do not have
a high payoff in terms of vehicle emission reductions for several reasons.
@ Levels of traffic service and average travel speed in

the Greater Houston area are quite high for an urban

area of this size. The net result of flow improvement

programs is likely to be preservation of the existing

level of service under higher future traffic loads rather

than an increase in average travel speed.

e Reductions in emissions with increases in travel speed

become gquite marginal at speeds above 20 miles per hour,

particularly toward 1977 as post-1975 model vehicles be-

come a greater and greater percentage of the vehicle

fleet, as indicated on Figure 1-2. Average travel speed

is high (above 30 mph) and the percentage of operations

“in the high leverage area below 20 miles per hour is

small. Moreover, of operations in the below 20 mph range,

few can be impacted as many occur on local neighborhood

streets where higher speeds are undesirable.

Flow improvement measures are seen as positive in terms of effect
on air quality but their specific contribution to areawide emission
reduction in the Greater Houston Area is small and difficult to quantify.
Where potential improvement projects in areas of operation in the high
leverage speed range below 20 mph can be identified, they are particularly
encouraged as these can have beneficial emission impacts out of dimen-

sion with the actual number of operations and VMT affected.
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Work Schedule Changes - Changes in work schedule have been proposed

as a control measure in some cities as they tend to produce marginal
flow improvements by reducing commute period traffic congestion and reduc-
ing total work commute travel. Two types of schedule changes have been
identified; staggered work hours and the four-day week.

Surveys of employees starting and quitting times in the Houston

(]S)and in

CBD were conducted by the Houston Chamber of Commerce in 1972
July 1972 the Texas Highway Department conducted traffic counts in the
morning and evening peak periods, accumulating volumes in 5-minute

intervals. Findings of these data gathering activities were published

in the October 1972 issue of Houston Magazine. The survey indicates

that there already is a considerable staggering of quitting times in the
Houston CBD. Only 34% of the employees in the CBD quit at 5 P.M. Nearly
27% quit before or at 4:30 P.M. Another 17.5% quit at 4:45. However,
relatively few CBD workers have quitting times later than 5 P.M.

In the morning the situation is quite different. Fifty-three per-
cent of the CBD employees start work at 8 A.M. Less than 2% start before
7:30 and less than 5% start between 8:45 and 9:15.

Figures 3-5 and 3-6 show the morning and evening loadings on the
radial freeways expressed in percent of capacity plotted against CBD
starting times. The freeway loading time scale has been adjusted for
the offset of the count points from the CBD (to show the correspondence
between peak traffic and shift hours) on the basis of the Houston-Harris

County Transportation Study's 1969 Freeway Travel Time Survey.(]y)
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Although the freeways show high levels of utilization, comparison
of the two figures shows the impact of the substantial staggering in
the evening as opposed to the high concentration in the morning peak
work trip period.

The implication is that more extensive staggering of work hours
could result in some flow improvement. However, as demonstrated previously,
flow improvements produce only marginal reductions in emissions.

The air quality problem in this region results from excessive area-
wide hydrocarbon emissions on an all day basis. Such a problem responds
most directly to decreases in total daily areawide VMT. Staggered
work hours do not decrease total daily VMT but simply spread the time
of VMT generation. Such a strategy is most applicable when the problem
is a short duration, localized concentration of pollutant, particularly
carbon monoxide, which resu]fs from temporal concentration of traffic
flow. Staggered work hours also tend to reduce the potential for car
pooling, a measure which does relate well to a hydrocarbon problem as
it tends to directly reduce VMT. For these reasons, staggered work hours
are not recommended as a pollution control measure in the Greater Houston
Area.

The four-day week would reduce VMT generated in work commute travel.
Like staggered work hours, this would be a useful measure if the problem
were a localized, temporal problem in employment concentration areas.
However, indications are that increased recreational and other non-work
travel will fully replace if not exceed the reductions in VMT resulting

from decreased work commuting. Thus, this measure does not respond well
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to the region's areawide hydrocarbon emission problem and because of this
factor as well as problems of institutional feasibility, the four-day
week is not recommended as a control measure.

3.2.2.3 Reduce Vehicle Use

The most direct way to reduce emissions from motor vehicles is to
reduce their use. The effectiveness of measures which reduce VMT are
potentially limited only by the amount of travel which is autocaptive
and essential. This general goal can be approached by three types of
measures: reduce trip requirements, provide transportation alterna-
tives, and establish vehicle restraints. The use of vehicles cannot be
significantly restrained without providing some alternative means of
transportation. A corollary appears to be that significant mass trans-
portation ridership increases do not occur without some form of natural
or artifical vehicle restraint.

Reduce Trip Requirements - An essential part of air pollution epi-

sode procedures, this measure is implemented when certain air pollution
alert stages are reached. Emergency closing of offices, schools, etc.
eliminate them as destinations, in turn, eliminating the trip require-
ment. As a general measure, there are no present means available to
effectively reduce trip requirements. Trip generation is built into

life styles and land use patterns, therefore, it is not possible to
dramatically alter the number or types of trips in our time period of
interest. Positive Tand use policies could channel future development

into concentrated nodes each containing a full range of urban activities
with walking the primary linkage. Such a land use program would not likely

have a substantial impact until the later decade of this century or beyond.

-46-



As described in an earlier section, a four-day work week would
reduce work trip requirements, but would probably induce increased
recreational and other trips.

Another possible approach to reducing trip requirements is a sub-
sitution of communications for travel. Communications technology has
already replaced the need for travel in certain occupations. Daily over
13 million shares are traded on the New York Exchange, predominately via
telephone and telecommunications, without direct personal contact.
Another parallel phenomena is the degree to which computerization is
changing the entire business world. Computer installations at widely
scattered points are now linked into extensive computer utility networks.
Information may be input at Los Angeles, processed in Houston, and
transmitted for printing in Washington, D.C. No travel or deliveries
are involved - all through electronics technology.

These kinds of operations are spreading rapidly and may be expected
to continue. The important question is whether substitution can lead
to actual decreases in travel. Recent experience would seem to indicate
to the contrary, considering the substantial increases in urban travel
over the past two decades, even as television, space satellites, computer
technology and other advances in telecommunications came into being.

In any event, it is certain personal travel requirements will not
diminish in the short time period this study covers.

Provide Transportation Alternatives - Since personal travel require-

ments cannot be diminished, some form of transportation alternatives must

be provided if vehicle use is to be reduced, particularly if vehicle
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restraints are implemented. These alternatives can be in the form of
public transit, and could include schemes to increase individual vehicle
utilization such as car pool incentives or jitney cabs (a formal (paid)
car pool or informal taxi).

e Public Transit - The current public transit system in Houston

is a conventional bus operation providing fairly extensive area coverage.
It has 25 radial routes to and through the Houston CBD and five crosstown
lines.* The system is well run, having higher average operating speeds
than most transit systems in urban areas of this size. It incorporates
such innovative improvements as exclusive bus lanes on CBD streets.
Public transit serves nearly 80,000 passengers on the average day, almost
85% of whom are captive riders. Primary ridership is to and from the
Houston CBD which accounts for 45% of system patronage. An additional
15% of daily ridership travels to and from the Houston Medical Center -
Rice Institute - University of Houston compiexes south of the CBD. Level
of service (area of coverage, headway, etc.) and ammenity improvements
(air conditioning bus stop shelters, etc) could result in significant
patronage increases, but it is unlikely that such improvements would
induce major shifts of choice riders from autos to transit.

A major transit improvement program for the Houston area is
currently in the final stages of plan definition. Stage One of the
pltan consists-of 40 miles of rapid transit routes in 7 corridors (4
fixed guideways and 3 busways) including a downtown subway, a number of

new semi-express freeway and local bus routes, a number of bus priority

*This discussion centers about RTL which serves about 98% of the region's
transit passengers.
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routes, route extensions into adjacent counties and secondary distribution
systems at major activity center stations. The $800 million program is
recommended for immediate implementation with the Stage One system sch-
eduled for completion late in this decade or shortly after 1980.

This program constitutes an order of magnitude improvement over
existing transit service. It should attract significant numbers of choice
riders from their autos to transit and will provide an acceptable alter-
native travel mode for those forced from their private vehicles, parti-
cularly if restrictive vehicle measures are imposed for air pollution
control purposes. The chief questions are: Can the program be accelerated
so as to be in full service by the deadline for meeting the 1977 Federal
air quality standards? If not, how much of the system could be in
service by 1977 and what shifts from auto to transit can be projected
for the partially completed system as of that date? It appears highly
doubtful that the Stage One system could be completed by 1977 without
massive front-end expenditures and commitments. The rapid transit bus-
way and gJideway elements require substantial lead time for final design,
right-of-way acquisition, construction, and break-in to full service.
These tasks almost certainly cannot be completed in four years from the
date of this writing. The elements which probably cannot be completed
in this time frame are those to which the order of magnitude improve-
ment in level of transit service and the major shift of choice riders
from auto to transit must be primarily attributed. Elements of the plan
which could be completed by 1977 mainly involve improvements and innova-
tions in conventional bus operations. Although these should yield sub-

stantial patronage gains and social benefits, their payoff in terms of
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automobile related air pollution reductions are marginal and difficult
to quantify.

e Car Pools - The average occupancy of autos in the Houston CBD
during commute periods range between 1.29 and 1.35 persons per car, and
is 1ikely lower for commute trips to other employment concentrations.
Greater efficiency (higher occupancy) in auto use through shared trip
making, could significantly reduce VMT and hence, automobile emissions.
The public attitude survey conducted in the course of this project indi-
cates that nearly 40% of the respondents are interested in work commute
car pooling (see Appendix G). Near 10% are already in car pools. Less
than 20% of the respondents, not including those already in car pools,
felt they might be able to join an existing or organize a new car pool.
One of the obstacles to car pooling is informational, i.e., making persons
with similar trip requirements known to one another. This information
can be provided by computer matching of persons interested in car pooling.
Institution of such matching services is recommended. Large employers
should also encourage car pooling by providing "pooling boards" in their
establishment. Experience indicates that information alone does not
encourage substantial levels of car pool formation. More effective are
car pooling time and cost incentives or disincentives against driving
alone. Exclusive bus lanes offer the one possibility of travel incen-
tives to car pools. Where such lanes are presently provided, they are
generally not used to full capacity by the buses and could be shared by
autos carrying three or more persons. Effectiveness of this joint
exclusive lane use has been demonstrated, most notably on the San Francisco

Bay Bridge. Where exclusive freeway bus lanes are planned or in:-operation,
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it is recommended that considerations be given to permitting joint use

by cars carrying three or more persons. Similarly, where bus priority

is established at freeway ramp metering locations, it is recommended that
priority be extended to cars occupied by three or more persons. It is
difficult to provide positive parking incentives for car pooling, as the
driver may drop passengers blocks from his final destination and will
thus have no patent evidence that he qualifies for special parking incen-
tives. Uniformly higher parking costs constitute an incentive to car
pooling in that they tend to make driving and parking an economic hard-
ship. Any measure which raises the cost of auto travel could be con-

sidered an incentive for car pools and mass transportation.

Vehicle Restraints - A number of measures have been identified which

will reduce vehicle use (VMT) by prohibiting or discouraging auto traffic
from specified areas or discouraging auto travel directly. Many of the
measures are oriented towards the CBD because it is a high concentration
area and because transit service provides an acceptable alternative for
travel to, from and within the CBD. Other measures that could be im-
posed regionwide or in selected areas include the direct regulation

or road use, fuel use, or auto ownership.

e Vehicle Free Zones - Ban all vehicles from a few blocks (pedes-

trian mall treatment, superblocks) or from an extensive area of concen-
trated urban activity and you have vehicle free zones. Such zones
obviously eliminate localized emission concentrations but potential
contribution to areawide reductions are limited by a number of factors.
To maintain the economic vitability of the "free zone," whether

large or small, copious parking is normally provided on the fringes.
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Since most travel consists of getting to and from the zone rather than
within it, emission reductions in terms of regional requirements, are
small. Vehicle free zones, particularly large scale ones, could induce
significant shifts from auto travel to transit ridership, especially
with implementation of Stage One of the Houston Transit Action Program
which will provide attractive service with rapid accessibility to the
central area. Such shifts produce more meaningful reductions in VMT

as they eliminate the whole auto trip. However, the extent of such
potential mode shifts is difficult to project. Large vehicle free zones
may require internal distribution systems (people movers) to facilitate
movement from transit stations or fringe parking areas to actual desti-
nations. A drawback to large vehicle free zones is the tendency to
induce congestion (and higher emissions) on streets fringing the "free
zone,"

Overall, vehicle free zones make a positive contribution to mobile
source emission reduction. No reduction credits resulting from this
measure have been quantified as no specific proposals for vehicle free
zones have been developed. However, such zones are encouraged wherever
they respond to other planning goals and objectives.

o Parking Control - This family of measures has the objective of

reducing VMT by inducing car pooling, and shifts to public transit
through price increases and reduced parking availability in major
activity centers.

As with vehicle free zones, this measure is likely to induce signi-

ficant shifts to transit, particularily after completion of Stage One
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of the Houston Transit Action Program. Shifts to car pooling would
also occur, but the extent of these shifts are difficult to project.

Several drawbacks and implementation obstacles are apparent. The
price-demand relationship of parking is not well understood, but experi-
ence in cities with close parking supply-demand relationships and high
parking fees (daily rates of $2 and up) indicates that parking demand
(auto use) is relatively insensitive to price.

When parking controls (pricing or availability limitation) are in
force, motorists tend to drive to the fringe of the restricted district
and park. An additional negative impact is that more low-speed VMT may
be generated by vehicles circling the blocks seeking the scarce spaces.

Parking pricing or reduced availability schemes might reduce property
values and retail trade in areas where they are imposed. This would
reinforce the tendency to decentralized future development activities.
This is unlikely in Houston because the core area has substantial
vitality and attractive transit services will be provided with imple-
mentation of the Stage One Transit Action Program.

Despite these drawbacks, some parking control measures are desirable
to induce car pooling and shifts to transit in the Houston CBD and other
activity concentrations which are now or will be served by adequate
public transit.

o Tolls - One measure often proposed to discourage vehicle travel
is road use regulation. The imposition of tolls on freeways is the
method most often put forward for regulating road use. The design of the

urban freeways and expressways in the Houston area makes conventional
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tolling inefficient. Freeways are designed to provide maximum accessi-
bility without compromising the level of traffic service. Access ramps
tend to be numerous and closely spaced and would require construction

of a large number of toll stations. Besides being extremely expensive
to construct and operate, increased emissions due to stop and go opera-
tions at numerous toll stations could outweigh emission reduction gains
that might result from reduced VMT. Advanced tolling systems using
electronic detection or identification of vehicle, with computerized
monthly billings are technologically feasible and might eliminate some
of the drawback of conventional tolling (i.e., operational cost and
emissions due to delays). Such a system would loose much of the psycho-
logical deterent of conventional tolling - the act of stopping and paying
the toll out of the pocket. It is possible that a high percentage of
those priced off the freeways by tolls may drive on surface streets
rather than shifting to car pools or transit. This could produce
increased emissions as a result of reduced travel speed and idling on
surface streets. Tolling measures tend to be regressive. Those priced
off the roads will primarily be low income persons. For the above
reasons imposition of tolls on Houston area freeways is not recommended
as a means of reducing VMT.

e Ramp Metering as a Restrictive Control - Ramp metering has been

developed and already extensively applied in the Houston area for opti-
mizing the efficiency of traffic movement in a freeway corridor. It
may be possible to adjust the metering to maximize the difference be-

tween emission reductions possible by causing shifts to transit through
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Tong delays in entering the freeway and emission increases due to delays
and increased travel on slower moving surface streets. Potential effec-
tiveness of this scheme requires detailed study in each freeway corridor
but its exploration is recommended. Metering also has potential utility
for shutting down the freeway for episode control, and as a means to

provide preferential entry for vehicles that have a higher utilization
(car pools, buses).

e Moritorium on Traffic Improvements - Several factors mitigate

against schemes to reduce VMT by permitting traffic service conditions

to decay. thereby encouraging shift to transit or discouraging auto trips
from being made at all. Although the proposed Transit Action Program
plan includes extensive transit operations and exclusive rights-of-way.
conventional transit service elements will be operating on the same
streets as autos and would be negatively impacted. Experience at most
U.S. cities confirms the motorists' dogged determination to drive in spite
of seeming intolerable Tevels of congestion. Added to the safety com-
promise which would occur with a moritorium on traffic improvements is
the fact that VMT reduction due to shifts to transit could be outweighed
by pollution increases due to the increased auto operations in the Tow
speed, high emission ranges.

e Tax Disincentives - It is very difficult to access how

a tax on various elements of driving will affect vehicle mileage.
There have been suggestions to charge a "pollution" tax in direct ratio
to the emission rate and mileage of each motor vehicle or to increase

the tax on gasoline (consumption varies directly to mileage). Schemes
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to reduce vehicle mileage through gasoline pricing are not very effective.
Even though the demand elasticities ot gasoline are not well defined,
it appears that major increases (perhaps doubling the price) do not appear
likely to affect consumption. This is borne out by the staggering in-
creases in European auto travel even with fuel costs double those in the
United States. People are willing to pay for the convenience of using
their cars. Pricing schemes of this type are indiscriminately imposed
on all segments of society but the largest impact is felt by the limited
income groups.
Various taxes on the automobile have been proposed. These range
from minor taxes of $5 to $10 a year for raising mass transit revenues
to stiff registration fees of $500 a year. A variant of this proposal
is to place substantial registration fees on second or third family
autos. Low fees are not effective in reducing VMT; high fees on first
family autos are extremely regressive. Low income persons are hit hard-
est. High taxes on second family autos might provide reductions in VMT
and still avoid some of the more regressive elements of this type of
taxation. However, there is no method presently available to estimate
the reduction potential or demand flexibilities of this type of measure.
The public attitude survey, reported in Appendix E, indicates there
will be rigorous objections by the public to any of the more restrictive
measures described above. Even though measures which cost less would not
be effective in reducing VMT, they should be given consideration as a

means to obtain revenue for mass transit.

® Gasoline Rationing - Gasoline rationing is a direct restraint

on vehicle mileage and therefore emissions. There are a number of
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approaches to administrating such a program. One general set of measures
are based on control at the source of gasoline production; the other
measure approach regulates gas consumption at the consumer (World War II
type rationing). Regulating gasoline sales at the manufacturing or
wholesale level is a simpler task; however, without price controls
gas rationing in this form becomes a gasoline pricing scheme that tends
to be extremely regressive with the potential for apparent profiteering
that would probably make this method highly objectionable to the public.
World War II type rationing also has its drawbacks, particularly in its
administration requirements. Appendix H presents a brief history and
description of World War II rationing. This direct type of restrictions
would probably be the most even handed approach if it were administered
through an efficient agency utilizing computers and credit data procedures
similar to those developed by the major Banks and credit card organizations.
Any direct vehicle restraint will be extremely objectionable to the
public. However, should one be required, gas rationing appears to be
the most éffective, flexible and even handed approach. It can be started,
adjusted to changing requirements, and terminated easier than any other

identified direct restriction.
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4. PROPOSED CONTROL STRATEGY

There is no adequate definition of the actual effect emission
levels have on ambient air quality in the Greater Houston Area. The
present air quality measurements and the accuracy of the emission inven-
tory are not sufficient to develop this relationship. Even if the data
were available, the time restraints of this study made it impossible to
utilize the sophisticated mathematical modeling techniques required to
accurately estimate and project the relationship. Therefore, the control
strategy recommendations are based on proportional rollback techniques
that relate estimated existing emissions and air quality on a propor-
tional basis. This is not an adequate basis for implementing high impact
measures.

The proposed strategy is phased so as to take advantage of legisla-
tive or judicial remission, technology development and changing require-
ments as the result of a better understanding of the air pollution pro-
biem in the Greater Houston Area. In its fully implemented form, it
will allow air quality standards to be met by the 1977 due date. Phase
I measures have substantial justification either in terms of significant
air quality improvement or other urban needs. The present justification
for Phase II measures is tentative at best. The decision to implement
them must be based on a demonstrated need for further hydrocarbon emission
reductions, and a thorough evaluation of each individual measure in
terms of the needs of the people in the Greater Houston Area. This study
had neither the time nor the data base sufficient to fully assess the

social, political and economic impact implied by the Phase II measures.
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Phase I Measures:

1. Continue evaluation of control measures - Expand the air
monitoring program in the Greater Houston Area to include more stations
and gas chromotography at selected stations. Initiate a regular (year-
ly or bi-yearly) review of the air quality and emission inventory data
to determine if adjustment of the emission control strategy is required
to meet ambient air quality standards.

2. Stationary source measures - Tighten and expand the Regulation
V stationary source conE£?1s as recommended by the Texas Air Pollution
Control Services Study.\%/ Broaden the coverage of Regulation V to
include ali counties in the region.

3. Mandatory inspection/maintenance - Implement an annual in-
spection/maintenance program for in-use vehicles. This measure provides
significant reductions in motor vehicle emissions and is necessary to
obtain full benefit from the Federal new car emission controls. An emis-
sion inspection performed along with the annual safety inspection would
be the simplest system to implement. Since the present safety inspec-
tion is performed at franchise stations and garages, the inspection pro-
cedure should be an idle emission test with mandatory maintenance required
upon failure. This method is recommended because it has lower start up
and training costs, and can be easily adjusted as more emission data
becomes available. A strong consumer protection element should be added
to the safety/emission inspection program. An upper 1imit on the amount
of money a person is required to spend on bringing his automobile into
compliance with emission regulations should be considered as a built-in
consumer’protection feature.

4, Mass transit - A substantial improvement in mass transit is
required in the Greater Houston Area. The contractor for the Houston
Transit Action study enjoys an excellent reputation in the field of
transportation planning, and has outlined a comprehensive mass transit
program. Based on the need for improved mass. transit and recognizing
the extensive studies that have been performed, it is recommended that
Phase I be implemented immediately.

5. Parking measures - It is recommended that the following parking
measures be instituted in all high density areas: (a) strictly enforce
existing parking regulations, (b? eliminate preferential rates for all-
day parking, (c? review existing parking availability and develop regqu-
lations to control development and pricing of off-street parking,
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(d) as Phase I of the Houston Transit Action Program comes into operation,
increase parking costs in the CBD and other major activity centers.

6. Car pool incentives - (a) Initiate a formal public information
program with the aim of increasing the amount of voluntary car pooling.
(b) Enlist the cooperation of government agencies and large corporations
in providing preferential parking and/or other incentives for employees
who choose to car pool. (c) Initiate a pilot computer matching program
for potential car poolers to identify the type and amount of data required
to provide matching information on a large scale. Although this type
of program will probably not induce a substantial shift to car pools,
experience in administering an information program will be required in
case restrictive driving measures are needed before adequate public
transportation is available. Better utilization of the private auto-
mobile fleet would be the only transportation alternative available in
that situation.

7. Fugitive and evaporative emission controls - (a) Promulgate re-
gulations to control evaporative hydrocarbon emissions from all gasoline
marketing levels. (b) Promulgate regulations to control all reactive
hydrocarbon emissions from solvent users. (c) Promulgate regulations
to reduce fugitive losses from all process industries. Fugitive losses
account for approximately 50,000 tons/year emissions in this region. It
is reasonable to assume that a rigorously enforced fugitive emission
regulation should be able to reduce this figure by approximately 20%,
or 10,000 ton/year.

Figure 4-1 summarizes the emission reductions possible from imple-
mentation of Phase I. Present total hydrocarbon emissions are approxi-
mately 525,400 tons/year. The goal is to reduce emissions to approxi-
mately (~) 131,000 tons/year by 1977. Present regulations and Federal
motor vehicle controls will reduce emissions to ~349,000 tons/year.
Application of a tightened Regulation V (measure 2) should reduce emis-
sions to ~204,000 tons/year. Inspection/maintenance (measure 3) can
be expected to reduce this total to ~198,000 ton/year. Implementation
of the Houston Transit Action Phase I, parking restrictions, and car
pool incentives (measures 4, 5 & 6) can be expected to reduce VMT by
3 to 5% in 1977. This VMT reduction results in total remaining hydro-
carbon emissions of approximately 190,000 tons/year , for an overall

Phase I reduction of approximately 64% from the 1972 emission level.
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Application of Measure 7 should result in a total hydrocarbon emis-
sion of approximately 157,000 tons/year in 1977. This corresponds to an

approximately 70% reduction from the 1972 baseline.

No retrofit strategies were recommended for Phase I because the only
effective, low-priced retrofit was the VSAD/LIAF for pre-1968 automobiles.
In 1977 pre-1968 autos will be less than 10% of the total vehicle popu-
lation. Since the average reduction per vehicle is only about 20% of
the exhaust hydrocarbon emissions, the overall impact of the measure
would be less than a 1% total hydrocarbon reduction. The administra-
tive and enforcement cost for a retrofit program are not justified for
this magnitude of reduction. A catalytic converter retrofit is very
effective, however, the costs and obstacies associated with such a retro-
fit place it in a Phase II situation. Further study is required before
a commitment to this magnitude of a retrofit would be unequivically re-

commended.

Phase Il Measures

If at the end of the evaluation period in 1975 it is determined that
additional hydrocarbon emission reductions are required, those reductions
will probably have to come from motor vehicles. Measures 2 and 7 provide
for maximum technology control of stationary sources. One of the most
significant findings of this study is that improved mass transit and
other incentives will not lure people from their cars in sufficient
numbers to make major strides toward achieving the 1977 air quality

standards nor will pricing disincentives force reduced auto travel levels
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on this order of magnitude unless costs extremely regressive to certain
segments of the population are imposed. In light of this conclusion, two

complimentary methods for reducing automotive pollutants remain.

8. Motor vehicle emission reduction - (a) Retrofit catalytic con-
verter on all 1968-1974 automobiles and reduce the vehicle miles traveled
during the summer and fall months by 30% or (b) no major vehicle retrofit
program and reduce vehicle miles traveled by 50% during the summer and

fa]] months. The method recommended to affect the vehicle mile reduction
is gasoline rationing.

As is obvious, implementation of the Phase II measure would be
very difficult. Rigorous objections at all levels of government, in-
dustry, and from the public can be expected. For that reason, imple-
mentation is not recommended unless and until the need for the additional
(over Phase I) hydrocarbon emission reductions are substantiated by
further ambient air quality monitoring and, also the air quality

standards are fully reviewed in light of the cost to achieve them.

4.1 OBSTACLES TO IMPLEMENTATION
The relative significance of obstacles to implementation of the
proposed transportation control strategy has been estimated using the

following categories.

Technical obstacles - obstacles involving the design of hard-
ware, details of administrative procedure, or specification of
standards or acceptance limits necessary for implementing recom-
mended control measures.

Legislative obstacles - obstacles involving writing and passing

laws, rules, and regulations required for instituting and admin-
istering control measures.

63 ‘ i



Socio-economic obstacles - obstacles involving the impact of
control measures on the public, commerce, and industry.

Political obstacles - obstacles involving the feasibility of
of productive interaction among appropriate leaders, adminis-
trators, legislators, and special interest groups for the
purpose of instituting recommended control measures.

In general, there appear to be few obstacles that would limit imple-
mentation of the Phase I control measures. Stationary source reductions
probably have the fewest obstacles and they are generally technical and
socio-economic in nature. Careful evaluation of requirements and care
in writing the resulting regulations may be sufficient to overcome these
obstacles. Mandatory inspection/maintenance may encounter a few moderate
political obstacles depending on the shape the proposed program eventually
takes. The public attitude survey shows that the public supports this
type of measure. The parking measures could also meet with local opposi-
tion from commercial and busiress interests. The mass transit program
appears to have wide public support. There is some difficulty in finding
the start button, however. It is not clear whether the implementation ob-
stacles are socio-economic in nature (where does the money come from),
or political. There certainly appears to be no major 1egis]gtive or
technical obstacles involved with mass transit.

The obstacles to implementing the Phase II measures are substantial,
even from a cursory examination. Both the major automobile retrofit and
the gasoline rationing measure elements will encounter obstacles of major

significance in the socio-economic, political, and legislative categories.
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Gas rationing will be the most controversial and will encounter the great-
est amount of debate regarding public acceptance and political feasibility
of all the measures proposed. Justification for proceeding with imple-
mentation of the Phase II measure must be substantial and visible (either
in terms of health effects or property damage) before any relaxation of
the political or socio-economic obstacles can be expected.
4.2 IMPLEMENTATION PROCEDURE AND TIME SCHEDULE

The schedule for plan implementation is shown in Table 4-1. The
table is generally self explanatory. It assumes acceptance of the pro-
posed plan and indicates date for plan completion, approval, and necessary
legislation. Pollution control measures are listed separately and dates
for their implementation are indicated. The following are highlights
of the implementation schedule.

1. A formal air quality review and action plan procedure should be
initiated to operate on the expanded air quality surveillance program
information and yearly updates of source emission data. Decisions to
proceed with the more restrictive measures must be based, at least in
part, on information supplied via such a formal review.

2. New stationary source controls have been recommended. It is
proposed that Regulation V be revised as recommended by the Texas Air
Pollution Control Services study. The revised regulation should be adopted
by July 1973 with the final date for compliance in July 1976,

3. The inspection/maintenance program requires enabling legisla-
tion in order that it may be performed in conjunction with the Department
of Public Safety's annual safety inspection. The proposed schedule
calls for detailed program design to be complete by July 1973; for a
pilot program to be complete by January 1975; and mandatory emission
inspection to begin region-wide by July 1975,

4. Implementation of the mass transit program falls outside the
responsibility of the Texas Air Control Board; however, it is recom-
mended that Phase I of the Houston Transit Action Program be
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Table 4-1. Proposed Implementation Plan Schedule

Element

1973119741 1975] 1976 1977 | 1978 ] 1979 | 1980

Revised Implementation Plan Submitted
to EPA (Feb. 15, 1973)

Formal Air Quality Review Procedure and
Action Plan Initiated (Measure 1)
Legal Requirements of Plan

Texas Air Control Board

e Obtain enabling legislation for
inspection/maintenance and retrofit

e Obtain enabling legislation for
gasoline rationing

HTAP Administering Agency
e Obtain legislative charter
Air Quality Surveillance Program
Expansion (Measure 1)
New Stationary Source Controls (Measure 2)
e Adopt reviséd Regulation V

e Compliance schedule required from
facilities existing before July 1973

e Final date for compliance

A
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Table 4-1. (continued) Proposed Implementation Plan Schedule
Element 1973 11974 | 1975 | 1976 | 1977 [ 1978 1979 | 1980
Inspection/Maintenance Program
e Detail Program Design pegd

e Pilot Program

Final Program Adjustments

¢ Mandatory Emission Inspection Begins

Mass Transit Program

Implementation Phase I HTAP

Parking Measures (local government)

Increase on-street Enforcement
Eliminate All-day Preferential Rates
Develop Off-street Parking Plan

Implement Plan and Increase Costs in
High Density Areas

Car Pool Incentives

Initiate Public Awareness Programs

Obtain Car Pool Incentive Commitments
from Government and Large Employers

Develop and Test Pilot Computer Matching
Program

Prepare Procedures for Full Scale
Matching Program

Obtain Data for Full Scale Program
(in case Measure 8 required)

A
A
A
A
A
Aycimad
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Table 4-1. Proposed Implementation Plan Schedule

Element 7973 ] 1974 ] 19751 19761 1977 | 1978 { 1979 | 1980
Fugitive and Evaporative Hydrocarbon ‘—_—-‘
Emission Controls (Measure 7)
o Adopt Necessary Regulations A
e Compliance Schedule Required A
@ Final Date for Compliance A
Motor Vehicle Emission Reduction (Measure 8)
o Retrofit 68-75 Vehicles with Catalytic FIVITTITIYY
Converter System
@ Develop Gasoline Rationing Procedures Anm.uLA
and Administrative System
® Implement Gasoline Rationing June me | mm | mm | mm

thru September yearly

Phase I [ ]

Phase [] mmmmm=m
(if required)




implemented as soon as possible. Its importance cannot be overempha-
sized. If the more restrictive transportation measures are implemented,
a significant improvement in public transit will be needed to provide
alternative means of transportation.

5. Parking measures generally fall under the auspicies of the
local governments. These local governments should be made aware (through
tﬁe planning offices of the Texas Air Pollution Control Services) of
the basic need for the parking measures.

6. A general program to explore computer matching and to provide
support for other types of car pool incentives is necessary. The pro-
gram elements scheduled in the mid-1970s are included in case more
restrictive automobile controls are required, making large scale car
pooling mandatory (in lieu of wide availability of public transportation)

7. Additional fugitive and evaporative hydrocarbon emission control
regulations would have to be adopted by the beginning of 1975 in order
to meet full compliance by mid-1977.

The remaining elements of the proposed implementation schadule are
part of the Phase II proposed measure., Decisions to proceed with their

implementation should occur as a result of the formal air quality review

process.

8. A major vehicle retrofit would require a minimum of two years
to complete. The retrofit decision must be made prior to July 1975
so that sufficient quantities of retrofit devices are available and
adequate information can be disseminated to the service/garage industry.
Detail study of gasoline rationing procedures and the development of an
administering system would be required before gas rationing could be
implemented. If required, the first gas rationing period would be June
through September 1977, and would occur every year following or until
other hydrocarbon emission reductions were sufficient to meet ambient
air quality standards without gas rationing.
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4.2.1 Implementation Surveillance

The proposed control strategy must be considered as an initial
attempt to quantify the relationship between industrial and transporta-
tion processes, and the regional air pollution problem. The formal yearly
air quality review will be the checkpoint assessment that is needed to
provide appropriate adjustments to the control strategy. The following

types of data will be required for this process:

e Ambient Air Quality fleasurements
® Updated Emission Inventories

® Transportation Data (Traffic Projections)

Formal programs and procedures have been instituted to collect air
quality and emissions data and report them to the Environmental Protection
Agency (via the semi-annual report). The data from the expanded air
quality network (Measure 1) should automatically be included in this
process. Updated motor vehicle emission factors should be utilized as
they are developed from the on-going EPA testing programs.

Provisions should be made for H-GRTS, the regional transportation
coordinating agency, to regularly report traffic data to the Texas Air
Pollution Control Service. Until 1975 the reporting requirements would
consist of yearly estimates of average areawide VMT stratified by vehi-
cle type, with estimates of VMT variations by day of week and month of
year; and estimates of distribution of VMT by travel speed ranges. Appro-

priate arrangements would be necessary to insure input of necessary data
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by local jurisdictions to H-GRTS for compilation. After 1975, if it
appears Phase II measures are required, more frequent reporting would be
needed to estimate and monitor effectiveness in achieving specified VMT
reductions. Development of a simplified method for estimating areawide
average daily VMT on the basis of selected sample counts appears desira-
ble to minimize time, effort and cost of the more frequent reporting.

Following is a suggested traffic surveillance program for implementation
in this case.

o

Identify a selected number of traffic counting stations
(probably no more than 30) which can be regularly monitored
and from which accurate estimates of areawide average daily
VMT can be made. Use of permanent count stations with in-
duction loop counters appears desirable.

Develop factors for estimating areawide daily VMT on the
basis of the count sampling.

Conduct counts and estimate average areawide daily VMT every

3 months and report this data to the Texas Air Pollution
Control Service.

Computer analytical simulation techniques using models now under
development, should be utilized to better assess the relationship of
emissions and air quality. Once calibrated, computer models can predict
the effects of proposed actions with high confidence. This would not only
be a valuabie tool for strategy assessment, it would assist in region-

al planning (permit application review) and enforcement.
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4.3 AGENCY INVOLVEMENT

The Texas Air Control Board is the primary agency for implementation
of all measures proposed in this report. The Board has supra-management
responsibility for (1) administration of contract and grant programs
involving air pollution in the state of Texas, (2) coordination of air
pollution control programs which involve multi-county areas, and (3)
representation of Texas in finding the solution to air pollution pro-
blems which extend across state 1ines. The Board presently has the power
to appoint task force teams to aid and advise the Board regarding
studies and programs specific to certain areas of Texas. The involve-
ment of other agencies in the implemeptation of this transportation
control strategy is necessary in seyveral areas. Table 4-2 summarizes

the agency requirements for administration of the proposed measures.

4.4 LEGAL AUTHORITY

Adequate legal authority already exists to control stationary sources
as outlined in measures 2 and 7. The legal authority to adopt emission
limitations is contained in Section 3.02, 3.09, 3.10, and 3.18 of the
Texas Clean Air Act, Article 4477-5, Vernon's Texas Civil Statutes; and
regulations of the Texas Air Control Board. Authority to prevent con-
struction, modification, or operation of any stationary source at any
Tocation where emissions will prevent the attainment Or maintenance of
a national standard is contained in Sections 3.27 and 3.28 of the Texas
Clean Air Act, Article 4477-5, Vernon's Texas Civil Statutes; and in the
registration and permit requirements of Regulation VI of the Texas Air

Control Board
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Table 4-2. Agencies for Administering Proposed Measures

l, State County/City
Measure 1 TACB City/County Health Depts.
Measure 2 TACB City/County Health Depts.
Measure 3 TACB - DPS -
Measure 4 Highway Dept. HTAP Agency
Measure 5 -- City/County Law Enforcement

City Coucils, County
Commissioners

Measure 6 TACB City/County Health Depts.
Civil Defense Offices
Measure 7 TACB City/County Health Depts.
Measure 8 TACB (retrofit)
Administering

Agency for gas
rationing to be
determined

Legal authority to carry out inspection, testing, and/or retrofit
of motor vehicles is contained in Section 3.10(d) of the Texas Clean Air
Act, however, further legislation is required to perform the insnaction 1in
conjunction with the annual safety inspection.

Adequate legal authority rests with the local governments to imple-
ment the parking measures.

Legal authority does not exist to allow implementation of gasoline
rationing. However, the Texas Air Control Board has legal authority to
to develop procedures and perform necessary planning, Section 3.04 of

the Texas Clean Air Act.
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APPENDIX A
AIR QUALITY AND EMISSION DATA

A summary of the air quality and emission data used to evaluate the
air pollution control measures described in Section 3 is presented in
this appendix.

Continuous measurement of gaseous pollutants did not begin in the
Houston area until 1971. The Pollution Control Division of the Houston
Department of Public Health initiated the first continuous measurement
program. The monitoring program began with sulfur dioxide, nitrogen
dioxide, and total oxidants measurements. Carbon monoxide and total
hydrocarbons were added at the beginning of 1972, and ozone measurements
began last May!zo)(Z]) There have been no gas chromatography studies to

determine the relationships and magnitude of the ambient non-methane

total hydrocarbon component.

The only emission inventory data available at the beginning of this
study were the summary sheets presented in the Texas Implementation P]an.(])
Administrative difficulties within the Texas Air Pollution Control Services
and regulations discouraging the disclosure of inventory information to
the public, made it impossible to obtain sufficient inventory information
to properly evaluate the effects of control measures for stationary sources
and make constructive recommendations. These problems have now been elimi-
nated, but not in time to allow a detailed investigation as part of this
study. The emissions summary data presented in this appendix and used

in measure evaluation are based on the 1969 emission inventory as modified
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by a recent (still unreleased) Texas Air Pollution Control Services study
(4)

on hydrocarbon emissions from point sources.

A.1 AIR QUALITY DATA

T~

Air quality data for "Set II" pollutants is summarized in Table 1-A.
The figures for carbon monoxide and nitrogen oxides are the same as those
reported at the time the Texas Implementation Plan was submitted in
January 1972. Measurements taken since that date do not conflict with
these figures. There are no identified "hot spots" or problem areas for
either pollutant; therefore, more control measures are not required.
Any measures developed for other pollutants must not degrade air quality
with respect to carbon monoxide or nitrogen oxides, however. The maximums
for photochemical oxidants and hydrocarbons are different from those
reported in the Implementation Plan. Hydrocarbons are considered only
because of their influence on photochemical oxidants. A reduction in
the hydrocarbon emissions sufficient to allow photochemical oxidant to
meet standards is deemed sufficient even if the specified hydrocarbon

(2)

standard has not been reached. The Tisted maximum concentration for
photochemical oxidants was measured during a study undertaken by the
State == Texas in the upper Texas Gulf coast during April, May and June
of 1972.(3) Four ozone measurement sites were in the Greater Houston
Area. The sites were located in Lake Jackson, Dickenson, downtown Houston,
and the Houston ship channel.

The maximum daily one-hour average for each of these sites is plotted

in Figure 1-A. The national standard (.08 ppm) was exceeded a signifi-

cant portion of the time throughout this study. The longest excursion
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Table 1-A. Summary of Air Quality Data

FEDERAL
AMBIENT

STANDARDS

10 mg/m°
40 mg/m3

160 ug/m3
160 ug/m3

100 ug/m3

FEDERAL
SAMPLE
_BASIS

8 HR. MAX,
1 HR. MAX.

1 HR. MAX.

3 HR. MAX.
(6-9 A.M.)

ANNUAL ARITH
MEAN

MEASURED
MAX. IN
REGION

8 mg/m3
15 mg/m°

630 ug/m3
3
3660 ug/m

103 ug/m3
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Figure 1-A. Daily Maximum 1-Hr. Ozone Concentrations, Texas Gulf Coast Special Ozone Study



above the Timit was for 17 hours at the Jefferson County Airport (outside
the Greater Houston Area) on May 29. Abrupt weather changes resuiting

in several days of rain, June 10 through 16, coincide with the decline in
the ozone level after June 10. High ozone readings occur again at all
sites around June 19 and 20. However, the low ozone level following this
rise was not caused by rain but by other climatic conditions such as
unseasonal temperatures and overcast skies. Peak ozone concentrations
were usually preceded by zero levels early in the morning. Three air
stagnation advisories were issued for the upper Texas Gulf coast during
the study. They were May 24 from 1100 hours to May 25 at 1500 hours;
June 8, 1100 hours to June 10, 1100 hours; and June 19, 1100 hours
through June 20, 1100 hours.

Generally; peak ozone concentrations, and the number of times they
exceeded standards, increased as temperatures advanced to full summer
intensities. Precipitous changes in ozone concentrations were often
found to coincide with wind shifts. Since all monitoring sites experi-
enced high levels of ozone in concert, it appears that there is a unified
weather pattern over this coastal area and that the ozone problem is a
regional one.

Figure 2-A is a comparison of total hydrocarbons and ozone measure-
ments observed by Houston's continuous air monitoring progranh(zz) The
ozone readings observed at these stations correlate with those taken by
the state in the ozone study. The plotted ozone measurements were
observed at a monitoring station located on Clinton Drive in Houston.
There were no continuous hydrocarbon readings at the Clinton Drive station

during this time period; therefore, hydrocarbon measurements taken at the

~
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Health Department located on MacGregor Street were used for comparison
with the ozone readings. As can be seen in Figure 3-A, the available
fragmental readings during the period of interest from the Clinton Drive
station closely correlate with the MacGregor Street readings.

A1l available measurement data were manipulated with various statis-
tical routines to see if asignificant correlation could be found between
the ozone, total hydrocarbons, and various meteorological parameters.
Sufficient NO2 measurements were not available to include them in the
effort. Simple correlation techniques could uncover no strong relation-
ship. A stepwise multiple regression technique was attempted; however,
there was not enough data to obtain a statistically significant result.
This analysis leads to the conclusion that there is not sufficient ambient
monitoring data at this time to develop a statistical model for predicting
photochemical oxidant air quality.

Since the regulations for photochemical oxidant control are based

(2)

on hydrocarbon reductions, which are in turn based on an observational
mode],(23)it was decided to see just what type of observational model
could be developed for the Houston area. Figure 4-A is a plot of daily
3-hour average total hydrocarbons versus maximum daily 1-hour average
ozone concentrations in the Houston area. The upper dash line corre-
sponds with the same relationship for combined data from Los Angeles,
Denver, Cincinnati, Philadelphia and Washington which can be found in
Figure 5-1 of Reference(24). As can be seen, a majority of the readings

from the Houston network fall significantly under the data presented in

the hydrocarbon criteria document.
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The lack of correlation between any of the data and approaches
discussed above results in the conclusion that the prediction of photo-
chemical oxidant ambient air quality levels is impractical using any
modeling approach (statistical, physical, observational) considering.the
present data base. Therefore, emission reduction requirements will be
founded on the Federal regulations alone. Figure 5-A is Appendix J of
the Federal Rules and Regulations for the preparation of implementation
p1ans.(2) Based on this appendix, a 630 ug/m3 ozone reading requires
a hydrocarbon reduction of near 100%. Since this is impractical, EPA
has authorized the use of simple proportional rollback. A proportional
rollback of photochemical oxidants from 630 to 160 ugm/m3 would result
in a reduction of approximately 75%. This percentage is also the reduc-

tion goal for hydrocarbons.
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A.2 EMISSION INVENTORY DATA

An accurate emission inventory is the most difficult component of
an air quality data base to obtain. Every potential source of air pollu-
tion must be located, catalogued, its pollutants identified, and the
amount of pollutant emissions estimated or measured. The first state-
wide inventory was completed in 1969. The emission inventory is updated
yearly and becomes more accurate as new sources are identified and
catalogued and earlier estimdtes of emissions are replaced by measure-
ments taken at the source. Because the inventory data used in this study
is mostly from 1969, its accuracy and completeness is questionable. How-
ever, the deadlines of this study did not allow for extensive additional
data collection and the information available must be utilized. A major
part of this study was to estimate present and projected emissions from
motor vehicles using the latest motor vehicle emission projections;
therefore, this emission category(mobile) will not be included here.
Tables 2-A through 4-A are emission summaries for CO, NOX, and HC in
the Greater Houston Area. These tables were constructed from the 1969
emission inventory included in the Texas Implementation Plan. Projections
of future emissions were estimated from the above baseline using indus-
.trial growth data compiled by the Houston Chamber of Commerce and other
sources.(l) (4) These projections are presented in Tables 5-A through
7-A, and take into account the reductions to emissions that will occur
from the enforcement of present regulations. The hydrocarbon reductions
shown are contributable to Regulation V and are based on results of
another contractor's study made available by the Texas Air Pollution

(26)

Control Services. Utilizing the above projection data, calculations
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Table 2-A. Summary of Hydrocarbon Emissions for the Greater Houston
Area in 1969 (Motor Vehicles not Included)

Point Area Transport*

Brazoria 23,415 600 49
Chambers 818 174 32
Fort Bend 2,203 201 52
Galveston 55,562 500 82
Harris 154,843 5,795 5,945
Liberty 530 381 46
Montgomery 9,725 505 48
Waller 1,460 _ 205 ___40

Total 248,556 8,361 6,294

Table 3-A. Summary of Carbon Monoxide Emissions for the Greater Houston
Area in 1969 (Motor Vehicles not Included)

Point Area Transport*

Brazoria 147,225 1,042 253
Chambers 1,289 520 84
Fort Bend 50 349 95
Galveston 246 ,603* 891 358
Harris 75,442 14,451 14,320
Liberty 1.458 1,308 163
Montgomery 93,012 1,653 109
Waller 4,857 624 60

Total 569,936 20,838 15,442

*Trains, boats, and planes



Table 4-A. Summary of Nitrogen Oxide Emissions for the Greater Houston
Area in 1969 (Motor Vehicles not Included)

Point Area Transport*

Brazoria 12,944 350 68
Chambers 1,366 78 50
Fort Bend 15,376 165 78
Galveston 49,842 520 114
Harris 101,189 5,563 1,015
Liberty 1,457 173 67
Montgomery 1,319 263 72
Waller 1,798 ___ 86 58

Total 185,288 7,198 1,521

Table 5-A. Projections of Total Hydrocarbon Emissions from Sources
Other than Motor Vehicles in the Greater Houston Area
(based on the 1969 emission inventory)

1972 1975 1977 1978 1980
Point 271,603 141,329 149,936 154,434 163,839
Area 9,136 9,983 10,059 10,909 11,573
Transport 6,877 7,514 7,972 8,211 8,711
Total 287,616 158,826 168,499 173,544 184,123

Table 6-A. Projections of CO Emissions from Sources Other than Motor
Vehicles in the Greater Houston Area (based on the 1969
emissions inventory)

1972 1975 1977 1978 1980
Point 622,784 680,532 721,976 743,635 788,922
Area 22,770 24,881 26,396 27,188 28,844

Transport 16,873 18,437 19,559 20,145 21,372

Total 662,427 723,850 767,931 790,968 839,138
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Table 7-A. Projections of NOX Emissions from Sources Other than Motor
Vehicles in the Greater Houston Area (based on the 1969
emissions inventory)

1972 1975 1977 1978 1980
Point 202,469 221,243 234,716 241,757 256,480
Area 7,865 8,594 9,117 9,390 9,962
Transport 1,662 1,816 1,926 1,984 2,104
Total 211,996 231,653 245,759 253,131 268,546

were performed to determine the total hydrocarbon emissions due to all
sources, including motor vehicles, and the estimated reductions possible
with the present stationary source regulations and Federal motor vehicle
controls. This initial evaluation determined that the ambient air
quality standards could not be met by 1977, even with zero mobile emissions,
because estimated stationary source reductions were not adequate.

Based on these findings, the Texas Air Pollution Control Services
staff reviewed their inventory of hydrocarbons sources in this region,
and reevaluated the reductions that might be realized by applying the
present regulations and additional proposed restrictions to this category

(4) This study utilized data for Harris

of industrial point sources.
and Galveston counties from the "new" 1970 emissions inventory, from a

hydrocarbon emission study by another contractor, and from Section 4 of
Appendix B of the Federal Register dated 14 August 1972. The study re-
sulted in a new estimate of hydrocarbon emissions from point sources in
Harris and Galveston counties and a recommendation that Regulation V be

extended to include ethylene released from consuming plants and expanded

to include smaller tanks; and vents not now flared (or otherwise abated)



from all of the significant sources in the process industry. Included
in this report were estimates of the reduction in hydrocarbon emissions
that could be expected with a tightened Regulation V.

The results of the above study were utilized directly to update the
point sources for Harris and Galveston counties in this investigation;
however, the 1969 estimates were all that were available for the other
- area counties. It was determined that the area source estimates in the
1969 inventory and in the above study did not include certain potentially
significant emission categories. These were evaporative hydrocarbon
losses from gasoline marketing, losses from solvent user sources like
dry cleaners and decreasing operations; and evaporative losses from
paints, thinners, etc. These additional losses were estimated using EPA

estimation procedures and included in the inventory.(27)

Table 8-A summarizes the updated emission inventory resulting from
the above mentioned efforts. Projections of future emissions are based
on present regulations. Table 9-A is the inventory estimate that includes
reductions attributable to the tighter point source controls proposed
by the Texas Air Pollution Services Study. and application of the result-
ing tighter regulations to all sources in the Greater Houston Area. As
can be seen, area sources are now a significant part of the total emission
inventory. Additional regulations would be required to reduce them sub-
stantially. These could include solvent user regulations similar to those
recommended in Appendix B of the August 14 issue of the Federal Register,
and gasoline marketing evaporative emission contro]s.(Z) Table 10-A is
a summary of the emission inventory resulting from application of area

source regulations like those just described.
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Table 8-A.

Point
Area
Transport

Total

Table 9-A.

Point
Area
Transport

Total

Table 10-A.

Point
Area
Transport

Total

Projections of Total Hydrocarbons from Sources Other than
Motor Vehicles(based on present regulations)

1972 1975 1977 1978 1980
360,000 206,400 214,100 219,100 229,000
47,710 52,400 57,400 60,300 64,700

6,900 7,500 7,900 8,200 8,700
413,610 266,300 279,400 287,600 302,400

Projections of Total Hydrocarbons from Sources Other than

Motor Vehicles Based on Possible Point Source Reductions

from Revision to Regulation V

1972 1975 1977 1978 1980
360,000 160,385 68,253 69,600 71,500
47,700 52,400 57,400 60,300 64,700

6,900 7,500 7,900 8,200 8,700
414,600 220,285 133,553 138,100 144,900

Projections of Total Hydrocarbons from Sources Other than
Motor Vehicles Based on Regulation V Revision and Expansion
to Include Evaporative Losses from Certain Area Sources

1972 1975 1977 1978 1980
360,000 160,385 68,253 69,600 71,500
47,700 42,900 24,500 25,600 26,200

6,900 7,500 7,900 8,200 8,700
414,600 210,785 100,653 103,400 105,900
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A.3 MOTOR VEHICLE EMISSION DATA

Table 11-A presents the emission estimates for “Set II" pollutants
from motor vehicles. The motor vehicle population and traffic data used
to calculate the emissions are presented in Appendix B. The emission
estimation procedure utilizes the latest EPA motor vehicle emission

factors.(zg)

The computer model described in Appendix G was used for
estimate calculations. The projections through 1980 assume Federal
regulations for motor vehicle emission control will be met.

Table 12-A is the estimates of "Set II" emissions based on imple-
mentation of a vehicle inspection/maintenance program.

Table 13-A is the estimate of "Set II" emissions based on an inspection/
maintenance program and a VSAD/LIAF retrofit of pre-1968 1ight duty
vehicles.

Table 14-A is the estimate of "Set II" emissions based on an inspection/
maintenance program, a VSAD/LIAF retrofit of pre-1968 1ight duty vehicles
and a retrofit of catalytic converter to all 68 - 74 1light duty vehicles.

Measures which reduce VMT also reduce emissions. Figure 9-A shows
the relationship of VMT to emissions. Although the reductions are
directly proportional, emissions never go to zero, even with 100% VMT

reduction, because heavy duty vehicles are assumed to be unaffected by

any transportation oriented strategy.
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Table 11-A. Motor Vehicle Emission Projections Based on Federal Motor Vehicle Emission Controls

Source Category 1972 1975 1977 1978 1980

Total Hydrocarbon Smissions

Pre 1968 LDV 27,600 12,500 6,100 4,600 2,800
1968-74 LDV 28,000 37,500 30,700 24,400 14,900
Post 1974 LDV 0 200 2,500 4,300 8,100
HOV 9,700 11,600 11,100 10,800 10,400
Evap. & CC emissions 45,900 29,300 19,600 16,100 11,300
Total Motor Vehicle 111,300 91,500 70,000 60,200 47,500

Total Carbon Monoxide Emissions

Pre 1968 LDV 250,200 131,500 64,000 48,700 29,000
1968-74 LDV 307,000 379,000 302,100 235,400 137,400
Post 1974 LDV 0 1,300 17,700 30,600 56,500
HOV 65,900 75,700 71,300 68,700 65,100
Total Motor Vehicle 663,100 587,500 455,100 383,400 288,000

Total Nitrogen Oxides Emissions

Pre 1968 LDV 19,400 8,800 4,300 3,200 1,900
1968-74 LDV 41,100 60,400 48,600 39,500 23,500
Post 1974 LDV 0 1,600 10,400 11,800 14,300
HOV 6,200 8,200 9,300 9,800 10,600
Total Motor Vehicle 66,700 79,000 72,600 64,300 50,300
LDV Light Duty Vehicles

HDV
Evap & CC

Heavy Duty Vehicles
Evaporative and crankcase
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Table 12-A. Motor Vehicle Emission Projections Based on Federal Controls and Inspection/Maintenance

Program
Sourée Category 1972 1975 1977 1978 1980
Total Hydrocarbon :missions
Pre 1968 LDV 27,600 11,000 5,400 4,100 2,400
1968-74 LDV 28,000 33,400 27,000 21,500 13,200
Post 1974 LDV 0 100 2,200 3,800 7,100
HDV 9,700 11,600 11,100 10,800 10,400
Evap. & CC emissions 46,000 29,300 19,600 16,100 11,300
Total Motor Vehicle 111,300 85,400 65,300 56,300 44,400
Total Carbon Monoxide Emissions
Pre 1968 LDV 290,200 131,500 64,000 48,700 29,000
1968-74 LDV 307,000 379,000 302,100 235,500 137,400
Post 1974 LDV 0 1,300 17,700 30,600 56,500
HDV ___ 65,900 75,700 71,300 68,700 65,100
Total Motor Vehicle 633,100 587,500 455,100 383,500 288,000
Total Nitrogen Oxides Emissions

Pre 1968 LDV 19,400 7,900 3,800 2,900 1,700
1968-74 LDV 41,100 54,300 43,800 35,600 21,100
Post 1974 LDV 0 1,500 9,400 10,600 12,800
HDV 6,200 8,200 9,300 9,800 10,600
Total Motor Vehicle 66,700 71,900 66,300 58,900 46,200
LDV = Light Duty Vehicles
HDV = Heavy Duty Vehicles
Evap & CC = Evaporative and crankcase
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Table 13-A. Motor Vehicle Emission Projections Based on Federal Controls, Inspection/Maintenance,
and VSAL/LIAF Retrofit '

Source Category 1972 1975 1977 1978 1980

Total Hydrocarbon_imissions

Pre 1968 LDV 27,600 9,400 4,600 3,500 2,100
1968-74 LDV 28,000 35,700 28,900 22,900 14,000
Post 1974 LDV 0 200 2,300 4,100 7,600
HDV 9,700 11,600 11,100 10,800 10,400
Evap. & CC emissions 46,000 29,300 19,600 16,100 11,300
Total Motor Vehicle 111,300 86,200 66,500 57,400 45,400

Total Carbon Monoxide Emissions

Pre 1968 LDV 290,200 101,300 49,200 37,500 22,300
1968-74 LDV 307,000 379,000 302,100 235,500 137,400
Post 1974 LDV 0 1,300 17,700 30,600 56,500
HDV 65,900 75,700 71,300 68,700 65,100
Total Motor Vehicle 663,100 557,300 440,300 372,300 281,300

Total Nitrogen Oxides Emissions

Pre 1968 LDV 19,400 8,000 3,900 3,000 1,800
1968-74 LDV 41,100 57,400 46,200 37,500 22,300
Post 1974 LDV 0 1,600 9,900 11,200 13,500
HDV 6,200 8,200 9,300 9,800 10,600
Total Motor Vehicle 66,700 75,200 69,300 61,500 48,200
LDV = Light Duty Vehicles

HDV = Heavy Duty Vehicles

Evap & CC Evaporative and crankcase
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Table 14-A. Motor Vehicle Emission Projections Based on Federal Controls, Inspection/Maintenance,
VSAD and Catalytic Converter Retrofit

Source Category 1972 1975 1977 1978 1980

Total Hydrocarbon Emissions

Pre 1968 LDV 27,600 9,400 4,600 3,500 2,100
~ 1968-74 LDV 28,000 19,000 15,400 12,200 7,500
Post 1974 LDV 0 200 2,300 4,100 7,600
HDV 9,700 11,600 11,100 10,800 10,400
Evap. & CC emissions 46,000 29,300 19,600 16,100 11,300
Total Motor Vehicle 111,300 69,500 53,000 46,700 38,900

Total Carbon Monoxide Emissions

Pre 1968 LDV 290,200 101,300 49,200 37,500 22,300
1968-74 LDV 307,000 379,000 302,100 235,500 137,400
Post 1974 LDV 0 1,300 17,700 30,600 56,500
HDV 65,900 75,700 71,300 68,700 65,100
Total Motor Vehicle 663,100 557,300 440,300 372,300 281,300

Total Nitrogen Oxides Emissions

Pre 1968 LDV 19,400 8,000 3,900 3,000 1,800
1968-74 LDV 41,100 30,200 24,300 19,800 11,700
Post 1974 LDV 0 1,600 9,900 11,200 13,500
HDV 6,200 8,200 9,300 9,800 10,600
Total Motor Vehicle 66,700 48,000 47,400 43,800 37,600
LDV Light Duty Vehicles

HDV
Evap & CC

Heavy Duty Vehicles
Evaporative and crankcase



9¢-v

FEDERAL CONTROLS

[72]
S 60 INSPECTION MAINTENANCE
aZ VSAD/LIAF PRE 68
x
:§ 50 CAT CONVERTER
(o)
22
34 4d-
=22
ar
>
* 30}-
20}
10
ol ! i ] |
0 20 40 60 x: 100

% REDUCTION IN LDV VMT

Figure 9-A Percent reduction in VMT vs. Hydrocarbon emissions



APPENDIX B
TRANSPORTATION DATA BASE

The Greater Houston Area has a heavily automobile oriented trans-
Portation environment. Some 96% of the total person trips in the area
are made by private motor vehicles. Even in the most concentrated
activity center in the region, the Houston CBD, only slightly over 12%
of the person trips are by transit.(zg)

Principal sources of transportation data in the area are the Houston-
Galveston Regional Transportation Study (H-GRTS) and the Houston Transit
Action Program. H-GRTS is a cooperative venture sponsored by the cities
of Houston, Pasadena, Galveston, Baytown and Texas City; the eight
counties of the Greater Houston Area and the Texas Highway Department.
H-GRTS is responsible for continuing transportation planning functions in
the region.

The Transit Action Program is a project to develop immediate and
long rangg plans for public transit services in the Houston metropolitan
area. The program is jointly funded by the Urban Mass Transportation
Administration (UMTA) of the Federal Government's Department of Trans-
portation and the City of Houston.

Travel Data - Motor vehicle travel in the eight county H-GRTS Area
totalled some 13 billion vehicle miles in 1971, an average of 35 million
vehicle miles of travel per day. To accumulate this total, each regis-
tered vehicle in the region (see Table B-3) drove an average of 27 miles
per day or 9,850 miles per year in 1971, consuming an estimated 1.15

billion gallons of gasoline and diesel fue].(30)

B-1



Table B-1 presents 1971 average daily vehicle travel in the H-GRTS

region.

Approximately 75% of the travel occurs in Harris County, the

most urbanized portion of the region, where nearly 80% of the total

population and vehicle registration is concentrated.

More than 35% of the region's travel occurs on freeways and express-

ways; nearly 40% of the travel in Harris County is on these limited access

facilities.

Table B-1. 1971 Daily Motor Vehicle Travel
Total System Lﬁfreeways anqlﬁxpressways Only

System Dly Mtr Dly Mtr Veh Trvi % of

Mileage Veh Trvl Fwy Expy Total Total
Area (miles) (000 mi) (000 mi) (000 mi) (000 mi) Travel
Brazoria 1,765.1 1,887 - 82 82 4.3
Chambers 553.6 752 481 - 481 64.0
Fort Bend 1,230.9 1,252 29 - 29 2.4
Galveston 1,305.1 2.453 379 200 579 23.6
Harris 8,555.5 25,867 10,098 225 10,323 39.9
Liberty 945.5 797 - 86 86 1.1
Montgomery 1,645.6 1,553 562 269 831 53.5
Waller 749.6 448 121 12 133 29.7
Total H-GRTS 16,750.9 35,009 11,670 874 12,544 35.8

On the basis of Greater Houston Area traffic volume historical data,
the recent annual traffic growth rate appears to be approximately 6.5%
per year.(3]) With compounding, this annual rate i.crease produces a
growth factor of 1.46 from 1971 to 1977.

No reliable data on vehicle miles of travel by vehicle type is
Typically. heavy vehicles

available for the Houston-Galveston Area.

account for 5 to 6% of total vehicle travel in a large urban area.
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Applying the 6% figure for heavy vehicle travel and the 1.46%
growth factor to the 1971 vehicle travel figures indicated in Table B-1,
1977 vehicle travel projections and breakdowns by vehicle type of the
1971 figures were developed. These estimates are presented in Table B-2

and projected to 1980 in Figure B-1.

Table B-2. Daily Vehicle Miles of Travel (thousands)

1971 1977
Light Heavy Light Heavy
Area Vehicles Vehicles Vehicles Vehicles
Brazoria 1,774 113 2,590 165
Chambers 707 45 1,025 66
Fort Bend 1,177 75 1,718 109
Galveston 2,306 147 3,370 214
Harris 24,146 1,541 35,720 2,280
Liberty 749 48 1,093 70
Montgomery 1,460 93 2,130 136
Waller 421 27 615 39
Total H-GRTS 32,909 2,100 48,000 3,060

Mo attempt has been made to segregate vehicle miles traveled by
trip purpése, as the control measures contemplated do not distinguish
between trip types on a regional aggregate basis.

Vehicle Population Data - Table B-3 presents 1970 and 1971 vehicle

registration totals for the H-GRTS area. Nearly 90% of the automobiles
and over 80% of the region's total motor vehicle population are concen-
trated in Harris County. If the recent growth rates for total vehicles
and automobiles, 7.7 and 6.3 respectively, were to continue to 1977,
some 2,100,000 total motor vehicles and some 1,420,000 automobiles

would be registered in the region by 1977.
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Table B-3.

Motor Vehicle Registration - H-GRTS Area

A1l Vehicles Automobiles

% %
County 1970 1971 Increase 1970 1971 Increase
Brazoria 73,261 77,881 6.3 46,635 48,798 4.6
Chambers 11,380 12,342 8.5 5,643 6,157 9.1
Fort Bend 31,262 34,072 9.0 19,830 21,498 8.4
Galveston 101,193 106,908 5.6 72,725 75,843 4.3
Harris 1,124,845 1,211,109 7.7 831,677 884,548 6.4
Liberty 23,560 25,422 7.9 13,292 13,962 5.0
Montgomery 33,250 38,314 15.2 19,393 21,837 12.6
Waller 9,133 10,397 13.8 5,350 6,194 15.8
H-GRTS Area| 1,407,884 1,516,445 7.7 1,014,545 1,078,837 6.3

Local data on automobiles in fleet usage was not acquired. In large

urban areas such as Houston-Galveston, fleet vehicles normally comprise

5 to 7% of total auto registration.
utilization of automobiles maintained in fleets of 10 or more based on

national figures.

Travel by Vehicle Age - Estimates of total daily vehicle miles of

Table B-4 presents a breakdown of

(32)
Table B-4. Fleet Vehicle Usage - Automobiles
Type Fleet Percent Total Fleet Autos
Business 65.00
Government 12.35
Utilities 8.40
Police 3.98
Taxi 3.52
Rental 6.19
Driver Training 0.56

travel by vehicle age groups for the years 1971 and 1977, segregated

for 1ight and heavy vehicles are presented in Tables B-5 through B-13.
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Separate compilations for the H-GRTS Area, for Harris County, which

comprises 75% of the H-GRTS total and for Galveston County, which

accounts for an additional 7%, are presented.

Table B-5.

1971 Daily Vehicle Mile Totals
H-GRTS Area - Light Vehicles

(1)

(2)

(3)

Fraction of Relative Weighted Daily
Vehicles Annual Mile- Per Cent of VMT
Age in Use age Driven Daily Travel (thousands)
0 8.80 3.8 4.20 1,382
1 12.30 7.5 11.57 3,808
2 12.30 11.4 17.59 5,788
3 11.70 10.4 15.27 5,025
4 9.90 9.5 11.80 3,883
5 9.70 8.5 10.34 3,403
6 9.10 7.8 8.91 2,932
7 7.20 7.1 6.40 2,106
8 5.80 6.4 4.66 1,534
9 4.40 5.9 3.26 1,073
10 2.40 5.5 1.66 546
11 1.90 5.4 1.29 425
12 1.00 5.4 .68 224
Over 12 3.50 5.4 2.37 780
100.00 100.00 100.00 32,909
3 = (Nx(2)
T (1) x (2)
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Table B-6.

1977 Daily Vehicle Mile Totals
H-GRTS Area - Light Vehicles

(1) (2) (3)
Fraction of Relative Weighted Daily
Vehicles Annual Mile- Per Cent of VMT
Age in Use age Driven Daily Travel (thousands)
0 8.80 3.8 4.19 2,011
] 12.30 7.5 11.55 5,544
2 12.30 11.4 17.55 8,424
3 11.70 10.4 15.23 7,310
4 10.40 9.5 12.37 5,938
5 9.70 8.5 10.30 4,944
6 9.10 7.8 8.88 4.263
7 7.20 7.1 6.40 3.072
8 5.70 6.4 4.54 2,194
9 4.30 5.9 3.18 1,526
10 2.30 5.5 1.58 758
11 1.80 5.4 1.22 586
12 1.00 5.4 0.68 326
Over 12 3.40 5.4 2.30 1,104
100.00 100.00 100.00 48,000
5 -_(Nx(2)
z(Mx(@
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Table B-7. 1971 and 1977 Daily VMT
H-GRTS Area - Heavy Vehicles

(1) (2) (3) 1971 1977
Fraction of Relative Weighted Daily Daily
Vehicles Annual Mile~ Per Cent of VMT VMT
Age in Use age Driven Daily Travel (thousands) (thousands)
0 .034 3.6 .016 25 36
1 .071 7.6 .074 114 168
2 .100 11.6 156 240 356
3 .095 10.9 .140 216 319
4 .088 10.2 121 186 276
5 .080 9.4 .102 157 233
6 .070 8.5 .081 125 185
7 .062 7.7 .064 99 146
8 .053 6.9 .049 76 112
9 .038 6.2 .032 49 73
10 .037 5.3 .026 40 59
11 .033 4.6 .021 32 48
12 .032 3.8 016 25 36
Over 12 .207 3.7 .102 157 233
1.000 100.0 1.000 1,541 2,280
3 = (]) x (2)
s M x (2)
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Table B-8. 1971 Daily Vehicle Mile Totals
Harris County - Light Vehicles

(1) (2) (3)
Fraction of Relative Weighted Daily
Vehicles Annual Mile- Per Cent of VMT
Age in Use age Driven Daily Travel (thousands)
0 9.23 3.8 4.40 1,062
] 12.49 7.5 11.76 2,840
2 12.43 11.4 17.79 4,296
3 11.72 10.4 15.30 3,694
4 9.85 9.5 11.75 2,837
5 9.59 8.5 10.23 2,470
o) 9.07 7.8 8.88 2,144
7 7-10 71 6.33 1,528
8 5.75 6.4 4.62 1,116
9 4.24 5.9 3.13 756
10 2.30 5.5 1.58 382
11 1.80 5.4 1.22 295
12 1.04 5.4 71 171
Over 12 3.39 5.4 2.30 555
100.00 100.00 100.00 24,146
3 = (1) x (2)
T(Mx(2)
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Table B-9.

1977 Daily Vehicle Mile Totals
Harris County - Light Vehicles

(1)

2)

(3)

Fraction of Relative Weighted Daily
Vehicles Annual mile- Per Cent of VMT
Age in Use age Driven Daily Travel (thousands)
0 9.20 3.8 4.38 1,565
1 11.70 7.5 11.0 3,929
2 12.40 11.4 17.72 6,330
3 11.70 10.4 15.25 5,446
4 10.70 9.5 12.74 4,551
5 9.90 8.5 10.55 3,768
6 8.50 7.8 8.31 2,968
7 7.10 7.1 6.32 2,258
8 5.60 6.4 4.49 1,604
9 4.20 5.9 3.11 1,111
10 2.90 5.5 2.00 714
1 1.70 5.4 1.15 411
12 1.00 5.4 .68 243
Over 12 3.40 5.4 2.30 822
100.00 100.00 100.00 35,720
1o ()x ()
s () x (2




Table B-10. 1971 and 1977 Daily VMT
Harris County - Heavy Vehicles

(1) (2) (3) 1971 1977
Fraction of Relative Weighted Daily Daily
Vehicles Annual Mile- Per Cent of VMT VMT
Age in Use age Driven Daily Travel (thousands) (thousands)
0 .034 3.6 .016 25 36
1 071 7.6 .074 114 168
2 .100 11.6 156 240 356
3 .095 10.9 .140 216 319
4 .088 10.2 121 186 276
5 .080 9.4 .102 157 233
6 .070 8.5 .081 125 185
7 .062 7.7 .064 99 146
8 .053 6.9 .049 76 112
9 .038 6.2 .032 49 73
10 .037 5.3 .026 40 59
11 .033 4.6 .021 32 48
12 .032 3.8 .016 25 36
Over 12 .207 3.7 .102 157 233
1.000 100.0 1.000 1,541 2,280
3 = _()x(2)
T (1) x(2
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Table B-11. 1971 Daily Vehicle Mile Totals
Galveston County - Light Vehicles

(M (2) (3)
Fraction of Relative Weighted Daily
Vehicles Annual Mile- Per Cent of VMT
Age in Use age Driven Daily Travel (thousands)
0 7.34 3.8 3.50 81
1 11.53 7.5 10.87 251
2 11.59 11.4 16.59 383
3 11.28 10.4 14.74 340
4 10.00 9.5 11.93 275
5 10.28 8.5 10.97 253
6 9.72 7.8 9.52 220
7 9.56 7.1 6.74 155
8 6.10 6.4 4.90 113
9 4.89 5.9 3.62 83
10 2.62 5.5 1.81 42
11 2.18 5.4 1.48 34
12 1.09 5.4 .74 17
Over 12 3.82 5.4 2.59 60
100.00 100.00 100.00 2,306




Table B-12. 1977 Daily Vehicle Mile Totals
Galveston County - Light Vehicles

(M (2) (3)
Fraction of Relative Weighted Daily
Vehicles Annual Mile- Per Cent of VMT
Age in Use age Driven Daily Travel (thousands)
0 7.3 3.8 3.47 117
1 11.50 7.5 10.78 363
2 12.00 11.4 17.10 577
3 11.60 10.4 15.08 509
4 11.00 9.5 13.07 440
5 9.80 8.5 10.42 351
6 8.50 7.8 8.29 279
7 7.50 7.1 6.66 224
8 6.10 6.4 4.88 164
9 4.50 5.9 3.32 112
10 3.20 5.5 2.20 74
11 2.10 5.4 1.42 48
12 1.10 5.4 .74 25
Over 12 3.80 5.4 2.57 87
100.00 100.00 100.00 3,370
3 = (1) x(2)
s (1) x




Table B-13. 1971 and 1977 Daily VMT
Galveston County - Heavy Vehicles

1) (2) (3) 1971 1977
Fraction of Relative Weighted Daily Daily
Vehicles Annual Mile- Per Cent of VMT VMT
Age in Use age Driven Daily Travel (thousands) (thousands)
0 .034 3.6 .016 2 3
1 .071 7.6 .074 11 16
2 -100 11.6 156 23 33
3 .095 10.9 .140 21 30
4 .088 10.2 A21 18 26
5 .080 9.4 .102 15 22
6 .070 8.5 .081 12 17
7 .062 7.7 .064 9 14
8 .053 6.9 .049 7 11
9 .038 6.2 .032 5 7
10 .037 5.3 .026 4 6
11 .033 4.6 .021 3 4
12 .032 3.8 .016 2 3
Over 12 .207 3.7 .102 15 22
100.00 1.00 147 214
3 = _(x(2)
p 3 () x (2)

For 1light vehicles, the 1971 fractions of the vehicle population
by age group were determined from current registration statistics.(33)
Vehicle population age composition varies slightly between Harris County,
Galveston County and the H-GRTS Area as a whole. For 1977 auto popula-
tion distributions, the current age distributions were adjusted to eli-

minate variations due to past unpopular model years which could not

logically be projected to reoccur in future model year productions.




For heavy vehicles, vehicle age distributions arec vasea on national
figures. Relative annual mileage by vehicle age figures for both light

(28)

and heavy vehicles are based on national statistics. Vehicle mile
totals as apportioned in these tables are based on the figures presented
in Table B-2.

As can be seen from the tables, one-third of the daily vehicle miles
traveled in 1977 by light vehicles will be accounted for by vehicles
meeting the 1975 Federal emission standards. Less than 6% of the 1977
daily vehicle miles will be contributed by pre-control (pre-1968 model)
vehicles. Vehicles of 1968 and 1969 model years will account for roughly

8% of the 1977 daily vehicle mile total in the region.

Travel Speed Data - Distributions of vehicle miles traveled by speed

ranges for the region are not available from recent survey data nor are
complete figures for vehicle miles of travel by functional street classi-
fication. However, the regional transportation study estimates that in
the urban areas, 80% of the vehicle miles traveled are on freeways,
expressways and arterial surface streets. Collector and local streets
each carry about 10% of total vehicle miles traveled. In rural areas

65% of the travel is on freeways, expressways and surface arterials;

25% on collectors and 10% on local streets.(35) The above information,
together with assumed average speeds* by functional street classification

enables estimation of the overall average travel speeds indicated on

Table B-14.

*Freeways and Expressways 50 MPH, Surface Arterials 30 MPH, Collector
and Locals 20 MPH
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Table B-14. Average Travel Speed by County

Total Daily

Freeway & Expressway

Average Travel

County VMT Percent of Total Speed (MPH)
Brazoria 1,887,000 4.3 28.5
Chambers 752,000 64.0 44.7
Fort Bend 1,252,000 2.4 28.4
Galveston 2,453,000 23.6 32.8
Harris 25,867,000 39.9 36.1
Liberty 797,000 1.1 36.5
Montgomery 1,553,000 53.5 38.1
Waller 448,000 29.7 40.3

The figures, particularly those for Harris County which accounts

for 80% of the total travel, indicate excellent levels of traffic service

for a major urban area. These high levels of service are substantiated

by speed studies on radial freeways serving the Houston CBD presented

on Table B—15.(36)

Table B-15. Average Speed on Radial Freeways

Qutside Total
Facility Inside Loop Loop to Belt Belt Average
East Fwy (I-10) 52.0 (51.6) 57.0 (56.3) 63.1 (63.1) 59.2 (59.0)
Eastex Fwy (US-59) 49.4 (43.2) 54.0 (53.8) 61.4 (61.0) 54.4 (52.2)
Gulf Fwy (I-45 47.0 (22.2) 58.1 (54.3) 62.0 (63.4) 53.6 (35.6)
Katy Fwy (I-10) 53.9 (54.6) 54.5 (37.3) 64.0 (64.3) 59.8 (53.0)
North Fwy (I-45) 51.0 (36.5) 56.8 (52.0) 63.1 (63.1) 58.6 (53.0)
South W (US-59) 49.3 (31.8) 55.3 (50.3) - - 52.4 (40.2)
LaPorte Fwy (SH-225) - - 53.2 (53.8) - - 53.2 (53.8)
Avg. A1l Radial 50.2 (35.6) 55.7 (50.3) 63.2 (63.3) 56.8 (49.4)

Freeways

0.00 =0ff Peak Speed in MPH, Non Directional
(0.00) = PM Peak Speed in Outbound Direction




The inference of these relatively high average speeds is that major
emission reductions cannot be anticipated as a result of traffic flow
improvements. To be sure, there are locations where flow improvements
can be achieved and are being achieved through continuing programs.
However, the percentage of operations below 20 miles per hour, the high
leverage area for achieving pollution reductions through flow improve-
ments, is quite small and of the operations in this range, many are on
local streets where speed increases are undesirable.

Houston and Galveston CBDs - Modifications to Central Business

District travel figure prominently among transportation control strategies
which have been identified as having promise in the Seven Cities Study.
For this reason it is instructive to document travel data for the Houston
CBD.

Table B-16 presents 1971 statistics for travel to and from the
Houston CBD and contrasts this data with surveys taken in earlier years.(zg)
Note that the comparison to earlier surveys is on the basis of a smaller
area, the Houston Central District (CTD) as it was defined in 1953.

The most salient feature of the above data is that since 1965,
traffic entering the old central district has increased by only 4.2%.
Only some 13.5% of those entering the CTD use transit and this percent-
age has been steadily dropping over time.

The 1971 cordon counts indicated a total of 300,213 passenger cars
(including taxis) crossing the CTD cordon - 79.1% of the total crossings

and 79,147 or 20.9% commercial vehicles. These breakdowns are deceptive

as the commercial vehicle count includes non-commercially registered
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Table B-16,

CRED
1971
Vehicle crossings 477,690
Person crossings 771,127
Bus passenger crossings 96,713
Bus passenger % total 12.5
Max. vehicle accumulation 45,477
and time of day 11:30-12 AM
b}
Max. person accumulation 67,265
and time of day 11:30-12 AM

Person and Veh!cle Movement Trends in Central Houston

(Between 7:00 AM and 6:00 PM)

1953 CTD Definition

1971
379, 360
633,796
85,707

13.5

29,752
2:00-2:30 PM

54,908
2:00-2:30 PM

1965
363,927
641,709
107, 083

16.6

33,421
2:30-3:00 PM

59, 809
1:30-2:00 PM

1960
327,875
531, 004
109,551

20.6

24,869
1:00-1:30 PM

51,596
1:30-2:00 PM

1953
340,658
639,964
152,491

23.8

22,735
11:30-12:00 AM

55,229
11:30-12:00 AM



pickup and panel trucks which are actually used for personal transpor-
tation. The 1965 classification count which included non-commercially
registered pickups and panels in the passenger vehicle category indicated
94% passenger vehicles, 6% commercial vehicles, and these earlier per-
centages are estimated to reasonably indicate the actual current situation.

Based on traffic volume variation studies, it is estimated that the
11-hour daytime counts summarized in Table B-16 account for 80% of the
total daily travel entering and leaving the CBD. Peak hour cordon
crossings; 48,869 between 7 and 8 A.M., and 51,517 between 4:30 and 5:30
P.M., account for 26.5% of the total 11-hour daytime period crossings.

Average vehicle occupancy at the cordon was 1.38 (exclusing transit
passengers) but dipped below 1.3 during the morning commuter period.(37)

The Texas Highway Department provided trip length information by
trip purpose and trip purpose breakdowns for travel to the Houston CBD.
This information, together with total 24-hour CBD travel as estimated
from the 11-hour counts was utilized to develop Table B-17.

As indicated in the table, travel to, from and within the Houston
CBD accounts for less than 7.4% of the light vehicle miles traveled in
the H-GRTS region and some 10% of Harris County light vehicle miles
traveled. Houston CBD oriented travel accounts for some 3.6% of the
heavy vehicle miles traveled in the region and less than 4.9% of the
Harris County heavy vehicle VMT.

Cordon studies of the Galveston CBD(Zg)indicated a total of 90,172
vehicle and 149,986 person crossings of the cordon. By comparison, this

is less than 19% of the travel activity associated with the Houston CBD
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Trip

Purpose

Home Based
Work

Home BRased
Other

Non-Home Based-
Passenger

Non-Home Based-
Commercial

Total

Table B-17,

1971 CBD -~ Regional

VMT Relationships

Average 7. HGRTS % Harris Co.
Trip Number VMT VMT
Length % CBD Trips Lt. Hvy. Lt. Hvy.
{miles) Trips {24 Hrs.) TMT Veh, Veh, Veh. Veh.
7.4 49.7 211,623 1,566,000 4.76 6.48
4.7 30.3 129,017 606,000 1.84 2.51
4,2 14 59,612 250, 000 . 76 1. 04
4.2 6 17,887 75,000 3.57 4.87
100 425,800 2,797,000 7.38 3.57 10.03 4.87



and since Galveston CBD oriented travel constituteé such an ihsighif%taht
percentage of regional travel, detail breakdowns of it have not been
explored.

Surveys(]s) of companies employing 45% of the Houston CBD's work
force of 110,000 indicate a high percentage, between 27 and 32%, ride
to work in car pools. (This includes riding with spouse.) However,
very few CBD employers have attempted to encourage car-pooling. The
surveys also indicated a considerable staggering of P.M. work quitting
times but strong concentration of morning starting times at 8 A.M. as

indicated on Table B-18.

Table B-18. Distribution of Houston CBD Work Start and Quitting Hours

Start (AM) Percent Quit (PM) Percent
7:00 1.75 4:00 .75
7:15 4:15 10.25
7:30 11.25 4:30 15.75
7:45 8.25 4:45 17.75
8:00 53.25 5:00 35.25
8:15 1.75 5:15 2.0
8:30 9.0 5:30 6.25
8:45 1.0 5:45
9:00 1.75 6:00 1.25
9:15 2.0 6:15 .75
9:30 .75 6:30 .25
9:45 6:45

10:00 .50 7:00 .75
91.25 91.0
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Central Business District Parking - Table B-19 presents off-street

parking space inventories for the Houston and Galveston CBDs. When CBD
vehicle accumulations, as presented in Table B-16 and which include
vehicles traveling on city streets within the cordon as well as parked
vehicles, are compared to parking space availability, and considering
that on-street parking spaces are not included in the inventory, it be-
comes apparent that substantial reductions in spaces available would be
necessary for parking limitation strategies to have significant impact

on vehicle travel to the CBD.

Table B-19. CBD Off-Street Parking

Type Houston CBD, 1972 Galveston CBD
Lot, Public 20,177 2190
Lot, Private 6,116
Garage, Public 15,849 380
Garage, Private 4,582
Customer Parking 1,692
Total 48,416 2570

Transit - Local public transit services in the Houston region con-
sist entirely of conventional bus operations. Although services are pro-
vided by several operators, 75% of the region's population and 98% of
the region's transit passengers are served by Rapid Transit Lines, Inc.
(RTL), a division of Houston City Lines, Inc., which is a subsidiary
of National City Lines, Inc. Rapid Transit Lines, Inc. currently operate
735 route miles over 30 routes. A1l but 5 routes are radial trunk line

routes to and/or through the Houston CBD. Average system operating speed
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is 12.94 miles per hour, 5 to 15% faster than averages in most major U.S.
urban areas. This indicates both the efficiency of the transit operation
and the high level of traffic service afforded by the areas street and
highway network. The RTL operation involves a fleet of 381 buses with
a total seating capacity of 19,429 passengers. Basic fare is 45 cents
with 5 cent zonal fare increments and free transfers.(sg)

Total transit ridership is nearly 80,000 passengers daily including
school and CBD shuttle trips. Note that the transit passenger counts
indicated in the CBD cordon data presented in Table B-16, 96,700 pas-
sengers, reflects double counting of passengers whose trips pass through
the CBD.

The CBD accounts for 45% of all transit trip origins and destinations
An additional 15% are concentrated in the Houston Medical Center - Rice
Institute - University of Houston complexes south of the CBD. Some 84%

of the transit patrons are captive riders.(39)
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APPENDIX C
STUDY CONTACTS

This program began with a public meeting in Houston on September 19,
1972 to acquaint interested persons in the purpose and aims of the study,
and to request those having data to come forward with it. As a result
of this meeting, many follow-up visits and telephone conversations by
TRW and DeLeuw, Cather and Company personnel; a "best available" body of
data was assembled. A summary list of the agencies and persons contacted
starts on page C-2. The largest portion of the data base came from the
following sources.

o Air quality data was provided by Mr. Victor Howard, Director
of the Pollution Control Division of the Houston Department of Public
Health, and by the Texas Air Pollution Control Services through the
Vehicle Emissions Committee chaired by Mr. Jim Kamrath.

® Mr. W. J. Laughlin of the Houston Transit Action Program provided
most of the background information, conclusions, and findings of the
Transit Action Program's recent system study.

e Mr. Oliver Stork, Urban Planning Engineer with the Texas Highway
Department, and Study Director for H-GRTS, provided numerous reports
and other data on current and projected vehicle travel, existing street
and highway system, and ongoing and programmed improvements. This data
constitutes the principal background for Appendix B and other analyses
contained herein.

e The official point of contact with the Texas Air Pollution Control

Services (and all other state agencies) was the Vehicle Emissions Committee
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whose full time members include Mr. H. Sievers; Mr. F. Hartman; and
Chairman, Mr. J. Kamrath. Contacts with the Vehicle Emissions Committee
were closely maintained, allowing for continuous interchange of data and

ideas.

CONTACT SUMMARY CHART

Houston/Galveston

Agency/Person

Citizens'Environmental Coalition of Southeast Texas
Richard Sievers, Ph.D.

Galveston County Mainland Cities Health Department
Charles Poirler

Southwest Center for Urban Research
Harry Penson

League of Women Voters of Houston
Mrs. Janet Walker

Houston City Health Department
Albert G. Randall, M.D.
Victor Howard

Harris County Air/Water Pollution Control Department
Robert Douglas |1

Harris County Commissioners Court
Judge Bill Elliott

Texas Railroad Commission
Frank Youngblood

San Jacinto TB & RD Association
W. R. Moore

Texas Air Control Board

Dr. Herbert McKee, Chairman
Charles Barden, Executive Secretary

Texas Transportation Institute
Donald Woods
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Texas Division of Planning Coordination (Governor's office)
Tony Breard

Texas Department of Community Affalirs
B. R. Fuller

Houston Public Service Department
W. J. Laughlin

Houston-Galveston Area Council
Gerald Coleman

Texas Highway Department
Wiley Carmichael, District Engineer

Houston Urban Office
Texas Highway Department
William Ward, Oliver Stork

Texas Highway Department, Division of Motor Vehicles
Robert W. Townsley, Director

Environmental Section, Texas Highway Department
Bob Rutland, Leo Muller

U. S. Postal Service
Victor E. Burger

Planning Survey Division, Texas Highway Department
Joe E. Wright

Teéxas Department of Public Safety
Joe White, Chief of Motor Vehicle Inspection

Texas A&M, College of Engineering
Dr. Virgil Stouer

Texas Air Pollution Control Services:

Ken Ports Vick Newsom
Jim Kamrath Terry Echols
Hank Sievers Walter Bradley
Fred Hartmann Dennis Guiffre

Harris County Tax Assessor's Office
Mr. Cummings

Analytical Computer Services, lInc.
Fred Brison
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Houston Independent Auto Dealers Assn
Glenn MacCartel

Independent Garagemen's Assn.
Raymond Saunders

Houston Chamber of Commerce
Transportation Planning Committee

Joyce Kaye
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10.

1.

12.

13.

APPENDIX D
REFERENCES AND DOCUMENTATION

"Implementation Plan for Attaining National Ambient Air Quality
Standards," State of Texas, January 28, 1972.

"Requirements for Preparation, Adoption, and Submittal of Implementa-
tion Plans," Volume 36, Number 158, Federal Register, 14 August 1971.

"Ozone Concentrations Along the Upper Texas Gulf Coast April, May,
June 1972," Texas Air Pollution Control Service.

Draft "Report on Hydrocarbon Study for Control Strategy for Industry
Point Sources in Region 7," Texas Air Pollution Control Services,
November 1972.

Draft "Control Strategies for In-Use Vehicles," Mobile Source
Pollution Control Program, Environmental Protection Agency, August
9, 1972.

Proposed Draft "Regulation 40 CFR Part 51, Protection of Environ-

ment: Requirements for Preparation, Adoption, and Submittal of
Implementation Plan, Transportation Control Measures," EPA
October 1972.

F. L. Voelz, et. al., "Exhaust Emission Levels of In-Service Vehicles
Comparison of 1970 and 1971 Surveys,'S.A.E. Paper No. 720498,
May 1972.

J. Panger, "Idle Emissions Testing," S.A.E. Paper No. 720937,
October 1972.

"Report and Recommended Program of the Governor's Task Force on
Periodic Vehicle Inspection and Maintenance for Emissions Control,"
State of California, October 2, 1972.

"Emission Control of Used Cars: Available Options; Their Effective-
ness, Cost and Feasibility," Technical Advisory Committee to the
California Air Resources Board, June 1971.

"Analysis of Effectiveness and Costs of Retrofit Emission Control
Systems for Used Motor Vehicles," Olson Labs in association with
Northrop Corp., May 1972.

"Mini-Verter® M- Catalytic Converter Emission Control Systems,"
Universal Qi1 Products Company, November 1972.

"Conversion of Motor Vehicles to Gaeous Fuel to Reduce Air Pollution,"
Environmental Protection Agency, April 1972.
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14.

15.

16.

17.

18.

19.
20.

21

22.

23.

24,

25.
26.

27.

28.

29.
30.
31.

"Gas Power, The Fleet Owner's Gaseous Fuel Manual," Cal Tech
Environmental Quality Laboratory, March 1972.

"Emission Reduction Using GAseous Fuels for Vehicular Propulsion,"
Institute of Gas Technology, June 1971.

"The Benefits and Risks Associated with Gaseous Fueled Vehicles,"
Arthur D. Little, Inc., May 1972.

"Evaluating Transportation Controls to Reduce Motor Vehicle Emissions
in Major Metropolitan Areas,” Institute of Public Administration,
Teknekron, Inc., and TRW, Inc., Interim Report, March 1972.

"CBD Starting Times," Houston Chamber of Commerce Transportation
Committee, Houston Magazine, October 1972.

"Houston-Harris County 1969 Freeway Travel Time Survey."

"Annual Report 1971 - Air Pollution Control Program," City of Houston
Department of Public Health, May 1972.

AP Pollution Control Program - 1972 First Half Report," City of

Houston Department of PUblic Health, September 1972.

"Hourly Readings from the Houston Air Monitoring Network from
January thru August 1972," Transmitted via letter from V. H.
Howard, Director, Pollution Control Division, September 1972.

"Air Quality Criteria for Nitrogen Oxides," AP-84, Environmental
Protection Agency. Jdanuary 1971.

"Air Quality Criteria for Hydrocarbons," National Air Pollution
Control Administration, March 1970.

"Houston CBD, H-HCTS Report No. 5," Houston-Harris County Trans-
portation Study.

"Hydrocarbon Study for Control Strategy Development in Three Regions
of the State of Texas," Radian Inc., April 1972.

“Compilation of Air Pollutant Emission Factors," Environmental
Protection Agency, 1970.

"An Interim Report on Motor Vehicle Emission Estimation," Environ-
mental Protection Agency, October 1972.

H~-GRTS Newsletter, Volume 2, Number 2, April 1972.
H-GRTS Newsletter, Volume 2, Number 3, July 1972.

H-GRTS Report, "Traffic Volume Variations - 1970," August 1971.



32.
33.
34.
35.
36.

37.
38.

39.

40.

41.

42.

43.
44.

45,

46.

47.

"Auto," Motor Vehicle Manufacturers' Association.

R. L. Polk Company, National Vehicle Registration Service.

"1972 Automobile Facts and Figures," Automobile Manufacturers Asso-
ciation, Detroit, Michigan, 1972.

H-GRTS Newsletter, Volume 1, Number 3, July 1971.

Houston-Harris County Transportation Newsletter, Volume V, Number 1,
January 1970.

H-GRTS Newsletter, Volume 2, Number 4, QOctober 1971.

"Transit Action Program, Basic Characteristics of the Transit System
in Houston," Alan M. Voorhees and Associates, October 1971.

"Transit Action Program, Basic Characteristics of the Transit System
in Houston," Alan M. Voorhees, November 1971.

Turner, Bruce D., "Workbook of Atmospheric Dispersion Estimates,"
National Air Pollution Control Administration, No. PB191482, 1970.

"Control Techniques for Hydrocarbons and Organic Solvent Emissions
from Stationary Sources," National Air Pollution Control Administra-
tion, 1970.

"Gasoline Modification -- Its Potential as an Air Pollution Control
Measure in Los Angeles County," Final Report, California Air Resources
Board, Los Angeles County APCD, Western 0i1 and Gas Association,
November 1969.

Noel de Nevers, "Rollback Modelling, Basic and Modified," August 1972.

"Air Quality Criteria for Photochemical Oxidants," National Air
Pollution Control Administration, Washington, D.C., March 1970.

Draft "Motor Fuel Vapor Emission Control Study," Refinery Management

‘Services Co. for the American Petroleum Institute, October 1972.

F. L. Voelz, et.al., "Variations in Automotive Emission Levels
Accorqing to Geographical Area and Vehicle Make: A Nationwide
Survey," Atlantic Richfield Company.

"Traffic Volume - 1971," Houston-Galveston Regional Transportation
Study, Houston, Texas, August 1972.
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48. “Iraffic Volume Variation - 1970," Houston-Galveston REgional
Transportation Study, Houston, Texas, August 1971.

49. "Houston-Harris County Transportation Plan, H-HCTS Volume 3,"
Houston-Harris County Transportation Study.

50. "Galveston County Transportation Plan, GCUTS Volume 3," Galveston
County Urban Transportation Study.
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APPENDIX E
PUBLIC ATTITUDE SURVEY ON AUTO AIR POLLUTION IN THE GREATER HOUSTON AREA

Presented on the pages which follow are results of a questionaire
distributed to a small sample of households in the Greater Houston Area.
The survey was conducted with the assistance of a professional market
research group which maintains standing panels of households in major
metropolitan areas of the U. S., each panel representing a broad cross
section of households in the given area. The following table indicates

some characteristics of the households surveyed.

Less than  $4000-  $8000- $10,000-
$4000 8000 10,000 15,000 $15,000+ Total

No. Households
having income 12 17 27 64 43 163

0 Car 1-Car 2 Cars 3+ Cars Total

No. Households
having auto 2 40 97 21 160

ownership

Significant insights from the survey are as follows:

e More than 93% of the respondents feel that air pollution
is a problem in the Houston area and 76% feel it is a
serious or very serious problem. Ninety-nine percent of
the respondents feel air pollution is a problem nationwide
and 84% feel it is a serious or very serious problem. The
inference is that Houston area residents generally believe
they have an air pollution problem but perceive their local
problem as being less severe than that of the nation as a
whole. (see question 10)

e Houston area residents generally support a retrofit pro-
gram for pre-1975 vehicles if the cost is relatively low.
Some 71% indicated they would favor a retrofit program
costing about $50 and another 9% indicated they would not
have strong objection to it. If the retrofit to pre-1975
vehicles were to cost $200, only some 35% would support it.
The inference is that the public feels that a retrofit
program for pre-1975 vehicles is reasonable but not a
costly one such as a catalytic converter retrofit.
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Some 82% of the respondents favor an inspection/maintenance
program. Another 10% indicate they are not strongly opposed
to such a program. The respondents identified a charge of
nearly $5.50 as a reasonable cost for the annual inspection,
significantly above the actual estimated cost in the inspec-
tion program under consideration. Some 42% of the respon-
dents felt the inspection should be done at state-operated
inspection centers. Nearly 46% favored private garages

and service stations and less than 10% favored city operated
stations.

Reaction to all types of travel restrictive controls is
strongly negative. Among the restrictive controls, exclu-
sive bus and car pool lanes followed by CBD traffic and
parking bans were seen as more acceptible. The acceptability
of exclusive lanes is attributed to the fact that this
control is perceived as having minimum negative impact on
the individual's current options; while acceptance of the
"CBD restrictions" probably stems from the fact that only
a small percentage of the area's residents must now drive
there frequently. Strategies most unacceptible are those
which affect all auto owners - gas rationing and high
registration fees.

Response to transit related questions generally indicates
the area's current low reliance on public transit. Reasons
given as most important for choice of auto travel are:
"auto more flexible," indicating general reluctance to be
tied to a transit schedule and possible dissatisfaction
with current headways; "auto more available," indicating
transit routes do not well serve origin-destination pairs
for non CBD trips; and "auto faster." Factors seen as

most important in eicouraging utilization of public transit
are "more frequent service," “"conveniently located stops and
stations" (better route coverage), "faster travel," and
"Tower fares." The responses indicate that achievement of
significantly higher Tevels of utilization require major
improvements in level of service (more routes, lower
headways, faster operations) rather than cosmetic improve-
ments such as cleaner buses, air conditioning, bus stop
benches, shelters and the like.

Some 37% of the respondents indicated interest in car
pooling for work commute trips. An additional 9.5% car
pool currently. However, 70% of the respondents indicated
it would be difficult to organize or join an established
car pool.

Some 71% of the respondents favor staggered work hours as
a means of reducing congestion. Only some 18% oppose it.
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Only 7.5% of the respondents would consider disposal of
a family car if better public transit service were avail-

able. Another 19% indicate they might consider disposing
of a car.
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l.

20

3a.

3b,

3c.

All autos made in 1975 and thereafter will be equipped with emmision control devices to reduce air
pollution. If in 1975 you owned a car built before that year, how would you feel about a law re=
quiring you to put emission control equipment which might cost $200 on your car? ("X" BELOW)

How would you feel about this law if the cost was reduced by government subsidy to about $50?
("X" BELOW)

Feeling Toward Law: 1. Cost $200 2. Cost $50
Very much in favor of law.. 9.5% 45.2%
Somewhat in favor of law. .. 25.0 25.8
Somewhat against law...... 2;8 288

Very much against law.....

Even cars properly equipped with emmision control equipment might still pollute the air if the equip-
iment was not properly maintained, How would you feel about a law requiring periodic inspection of
the emission control system to assure that it was working properly? ("X'" ONE ONLY)

Very much in Somewhat in Somewhat Very much
favor of law favor of-law against law against law
57.4% 24.7% . 9.9% 8.0%

Assuming you had to have your car inspected at least once a year, what would you consider a
reasonable cost for the inspection? (WRITE IN AMOUNT)

$ 5.48

Assuming you had to have your car inspected at least once a year, where do you think the inspection
should be made? ("X" ONE ONLY)

At state-operated inspection centers..... 41.9%
At city-operated inspection centers...... 9.4
At local service stations or garages..... 45.6
At some other place (Specify): 3.1
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To Me This Plan Is:

———

S
L] M £
— o o o k]
4a, [Evenif all autos were equipped with properly maintained '3 Z 3 ‘,&' sy 2,
emission control systems, some cities might atill have auto a Py - v o 8 < 8 8
air pollution problems due to the large number of cars v < 'ﬁ ,g o A 2 g" v
cither on the streets at the same time or concentrated in 8 QB, 'S, 53 8 g o g
particular areas. Listed below are several possible ways < E 8 £ 3" :u) (] 3 =]
to reduce pollution under one or both of these conditions. > o v o R w5 >
Please tcll me how you feel about each of theso proposals. :; @< é D 2 ;
("X" ONE ON EACH LINE) > >
Proposal 12 £l 0 0 -1
A
a. Gasoline rationing..................... 1.3 3.1 4.4 6.3 84.9
b. Very high ($500) registration fee per auto. 1.3 0.6 1.3 3.8 93.04
c. Very high ($500) registration fee per auto i
but only for the second, third, etc., 3.2 3.8 1.0 14.1 76.9
AUt0 L. i i i e e i e s
d. Prohibit traffic and parking in central N
business districts......... ... .. 26.5 24.7 13.0 16.0 19.8
€. A tax on all day parking in central busi- i
ness districts........ e 15.0 20.0 10.0 17.5 37.5
f. A tax on parking in central business dis-
tricts regardless of whether a person
parked only one hour or all day........ 10.9 12.2 8.3 17.3 51.3
g. Tolls on exit ramps of major freeways A
‘and eXPpresSSWAYS .4 veuoereraranoenos - 3.1 6.9 8.2 15.7 66.0
h. Tolls on exit ramps of major freeways
and expressways but only when traffic N
Was heavy ...ttt iiiieeaans 4.4 7.6 8.9 14.6 64.6

i. Restrictions on non-essential auto travel
during times of high pollution by
issuance of special license plates or

A
. 8.9 15.2 8.2 15.8 51.9

vehicle stickers........ it e e
j. Turn some existing lanes into 'bus only"

and '"car pool only' lanes on major A

expressways and streets..... Ciereaea 47.5 24.7 9.3 9.9 8.6

‘Weighted mean .for each answer



4b,

4c,

Which of the proposals listed above would be the most acceptable? (Give Letter:) _J_;_g—g—'-%%—
D - .

Which would be most unacceptable? .+ .ot eeeennvoosaneons (Give Letter:) B - 50.0%
A - 44.4

QUESTIONS 5-8 ASK FOR INFORMATION RELAT™G TO OTHER HOUSEHOLD MEMBERS.
CONSULT THEM, IF NECESSARY, FOR THE ANSWERS.

5a.

How often do the various members of your household travel by public transportation? (For ex-
ample, by bus, subway, or commuter train,)

Children
Husband Wife (Over 16 Years Qld)

Three or more times a week . 1.3% 1.2% 5.8%
One or two times a week..... 1.3 1.2 --
Onceamonth............... 0.7 1.2 --
Once every three months .... 0.7 4.3 1.9
Never .............. 92.1 91.9 '52.9
No household member....... 3.9 -- 39.4
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Sbh.

Sc.

Pleasc rate each household member's reason for using public transportation. (Rate the most
important reason "1", the next most important '"2", the next "3", etc. If a houschold member
never uses public transportation, "X'" the '""never use! box at the bottom of the list.)

Please rate cach household member's reasons for traveling by auto, Follow the same procedure
as in Question 5b, (WRITE IN BELOW UNDER 5¢)

5b. Public Transportation 5¢. Auto Transportation

I do not have a
driver's license ..

not applicable --

Car is not available
when I need it. ..

not applicable --

Other (Specify):

-- see comments --

1
]
Children | Children
(Over 16 : (Over lo
Reasons Husband Wife Years Qld) i Husband Wife Years Qlc
]
t
Cheaper ........... : 6 7 7
[}
]
Faster ......c00... ' 3 3 3
1
)
]
More comfortable .. : 5 4 4
)
- L]
Safer for passenger. ' 8 8 7
1
1
Liess congested..... ' 6 6 6
]
]
More available..... See Comments E 2 2 2
More flexible (I can Not enough of the :'
come and go as respondents use transit. :
I please)......... ' 1 1 1
)
]
More relaxing (able '
to read while :
traveling) ........ E -~ not app]icab]e -
4
Need car during the .
day. coev i H 4 4 4
:
1
i
]
]
]
]
]
1
)
4
1]
]
]
]
1
]
]
]
]
]
1

e e e o — e e e e o e e e = e e e = s S e e = e = e o e -

Never use ("X' Box) '



5d. Again, consulting other members of your household, plcase rate in order of effectiveness which items
below you fecel would be most effective in encouraging the use of public transporation. (Rate the most
effective itrm a ''1", the next most effective "'2", the next "3", ectc.)

6a.

Children

Items: Husband Wife (Over 16 Years Old)
Cleaner and newer vehicles.. 7 7 7
Faster travel .............. 2 3 3
Air-conditioned vehicles . ... 7 5 5
More frequent service ...... 1 1 1
Lower fares ........ 4 3 3
Parking facilities at stops or

stations .............. 5 7 7
Shelters against bad weather

at stops or stations....... 5 5 5
Better security to assure

personal safety.,.......... 7 5 9
More conveniently located

stops and stations ........ 2 2 2

Other (Specify):

How would you or other household members feel about traveling to and from work in a car pool?
("X'"" ONE ONLY)

Very interested ............ 12.7%
Somewhat interested........ 24.1
Not at all interested ........ 48.1
Already in car pool..... cean 9.5
Do not travel to and from

work by car...... . 5.7



6b.

If it became necessary to restrict the number of cars on expressways and streets in order to
reduce pollution and car pools became necessary, how difficult do you think it would be to get

into one an existing one or organize one amongst your friends, neighbors and/or work associates,

("X ONE ONLY)

Extremely difficult .........
Very difficult ..............
Somewhat difficult..........
Somewhat easy . ............
Very easy v vveeninnnnns
Extremely easy ............
Already in car pool.........

Onc of the major causes of areas of high pollution is traffic
congestion, Pollution could be reduced if traffic congestion
and stop-and-po traffic was reduced, Listed below are
scveral ideas for reducing traffic congestion. Please tell
me how cffective you think each of these idcas would be in
reducing congestion and pollution, ("X" ONE BOX FOR

EACH IDEA)
Idea:

a. Prohibit parking, loading and unloading

on busy streets ......... .. iy

b. Increase the number of one-way streets ...

Establish reversible lanes on busy streets
to be used during rush hours ...........

d. Prohibit turns at busy intersections during

C.

rush hours ........ .. i iiinnes
e. Widen major streets..........ovuiienannn

f. Widen major streets at intersections only
Provide pedestrian underpasses and/or

g.
OVEIPASSES o 4 e v ive vt nnnnnnronssansens
h. Improve timing of traffic signals ...... L
i. Increase the number and frequency of
radio traffic reports......... oo
j. Turn some existing lanes into ''bus only™

and ''car pool only'' lanes on express-
ways and busy streets ........ e

Your ideas (Please List):

g Weighted mean for each answer

E-9

32.5%
14.4
23.1
15.6
6.3
2.5
5.6
o [+3}
2 . g §g
by w o g ot
o > - o
& 3 Q= ]
&) o U o 9 ~ 5
2 Ko+ o G
> o ‘_.<C ~ O
o v 1 o gu
N Z 5
| R T ]
+2 + -
/'y
55.7% 36.1%  6.3%  1.9%
3514 435 16.2 5.2
A
26.0 32.5 23.4 18.2
'y
44.4 405  12.4 2.6
s5% 2.7 10.5 1.3
12.6 4b.a  36.4  10.6
46‘2‘ 391 141 0.6
646  30.4 4.4 0.6
19.6 ‘542 26.1 --
A
48.4  38.7 9.7 3.2



Since traffic congestion is most severe at times when people are going to or coming from work,
o-ne alternative for reducing congestion would be to have people start and stop work at different
times of the day, That is, some people would start work at 5:00 AM and quit at 2:00 PM, others
would work from 7:00 AM to 4:00 PM, others from 10:00 AM to 7:00 PM :

' ’ : : tc. d feel ab
this idea? ("X" ONE ONLY) » etc. How do you feel about

Very much in favor..... «... 33.3%
Somewhat in favor.......... 37.7
Indifferent .......... N
Somewhat opposed.......... 7.4
Very much opposed......... 11.1

9a, Please record the model year of each car owned in your household. (WRITE IN BELOW
UNDER 9a)

9b. Please estimate the number of miles each car was driven in the last year.
(WRITE IN NUMBER OF MILES UNDER %b BELOW)

9c. For each car, please estimate what percentage of last year's mileage was accounted for by
driving outside your local metropolitan area. (For example, vacation, business trips,
short weekend trips, etc.) (WRITE IN BELOW UNDER 9¢c)

9b. 9c.
9a. Last Year's Percentage of Mileage
Model Year Mileage Qutside Liocal Area
Car #1 1970 13,137 247%
Car #2 1969 10,936 21
Car #3 1969 10,633 32
Car #4 1966 6,625 49

9d.  How many licensed drivers are there in your household? (WRITE IN)

Number of Licensed Drivers: 2.18 (avg)

9e, If better public transporiation were available,

1d i i i
cars you own? would you consider disposing of any of the

Yes 7.5%
Mavbe 19.3
Noy e 198 9f. How many? (WRITE IN) 1.03  cars



10a. Overall, how serious a problem do you think auto air pollution is in your city? ("X" ONE BOX
UNDER 10a BELOW)

10b, Overall, how serious a problem do you think auto air pollution is nationwide? ("X' ONE BOX
UNDER 10b BELOW)

10a. City 10b. Nationwide

Very serious problem ..... 51.3% 49,0%
Serious problem .......... 25.0 35.0
Slightly serious problem... 16.9 15.3
No problem atall ......... 6.9 0.6
11, If you have any views or comments regarding any question or idea, please record them:
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A CONSUMER MAIL PANELS

323 SOUTH FRANKLIN STREET - CHICAGO, ILLINOIS 60606

(2-C796)

Dear Panel Member,

Today, I am sending you a questionnaire which I consider both exciting and
interesting. Hopefully, you will too., This questionnaire deals with the impore
tant problem of air pollution caused by automobiles.

As you know, autos are a major source of air pollution—especially in metro-
politan areas, You probably have read in newspapers or magazines that auto
manufacturers are being required to make changes in their cars that will
reduce the amount of pollutants coming out of cars. This will be particularly
true for cars manufactured in 1975 and thereafter,

Many pollution experts believe, however, that despite these new federal regu-
lations on auto air pollution, other ways will have to be found to further reduce
pollution caused by cars. The purpose of this questionnaire is to obtain your
reaction to these new auto pollution control ideas being suggested by the
experts. In answering some questions, you will probably have to consult
other members of your family to get their ideas and reactions. Iam sorry

if this is inconvenient, but I am sure you will agree that the importance of
solving pollution problems is worth making every reasonable effort.

As always, please check each of your answers after you have completed the
questionnaire. Then return it to me in the enclosed postage-paid envelope,
If you have any additional comments, please write them on the lines pro-
vided in Question 11,

Cordially,

et




FIGURE

(CONT'D.)

Ja.

3b.

3c.

4a,

4b.

4c.

CONSUMER MAIL PANELS

323 SOUTIH FRANKLIN DYRLEY . SeiCARO, RLINOD S0088

AUTO AIR POLLUTION QUESTIONNAIRE

All autos made in 1975 and thereafter will be equipped with emmision control devices to reduce air

I in 1975 you owned a car built before that year, how would you feel about a law re-
{"X" BELOW)

pollution,

guiring you tv put emission control equipment which might cost $200 on your ecar?

How would you feel about this law if the cost was reduced by government subsidy to about $50?

{"X" BELOW)

Feeling Toward Law: 1.  Cost $200 2, Cost $50
Very much in favor of law . . (B} (m]}
Somewhat in favor of law, , . DZ“” 2z 18
Somcwhat against law ., ... 3 D3( )
Very much against law . ... 4+ 4

A

(2-C796)

Even cars properly equipped with eramnision control equipment might stiil pollute the air if the equip-
How would you feel about a law requiring periodic inspection of
{"X" ONE ONLY}

4

ment was not properly maintained,
the emission control system to aseure that it was working properly?
Yery much
=) 0z Os against law

Somewhat
against law

Somewhat in

Very much in*
favor of law

favor of law

Assuming you had to have your car inspected at least once a year, what would you consider a
reagonable Lost for the inspection? (WRITE IN AMOUNT)

$

Assuming you had to have your car inspected at least once & year, where do you think the inspection
should be made? ("X'" ONE ONLY)

At statc-operated inspection centers ,[]1 At some other place (Specify):

At city-operated inspection centera. . ]2
At local service stations or garages ,[]3

04

—3

Even if all autos were equipped with properly maintained L To Me This Plan Is: 1
emission control systems, some cities might still have auto M i . K]
air pollution problemns due to the large number of cars ry 0 ¢ 5
either on the streets at the same time or concentrated in 3.“" -y & f Il B a
particular areas. Listed bclow are several possible ways v -5': £ g .'q‘".? 5
to reduc:: pollution under one or both of these conditions. <(.a @ ;‘., a8 ¢ 53. E]
Please tell me how you feel about each of these proposals, N g b 3 3 g g o
{"X" ONE ON EACH LINE) & ng 85 Y] >

S < S 3

Proposal: >

a., Gasoline rationing ., . ....c00 00 v vereaes [ 0z s D4 Os
b. Very high ($500) registration fee per auto. .. c. ... g [J1 32 0Os O« Os
<. Very high ($500) rcgistration fee per auto but only Dl 0z 03 04 Os

for the second, third, etc,, U0+ s « v 0 e a s s o s o
Prohibit traffic and parking in central business districts

()

d.,
e. A tax on all day parking in central business districts .. []1 02 O3 04 Os
f. A tax on parking in central businces districts regardless

of whether a person parked only one hour or all day O 02 0Os 0O s
g. Tolls on exit ramps of major freeways and expressways []1 D2 Os 0O 0Os
h. Tolls on exit ramps of major freeways and expresswaye

but only when traffic was heavy, c e v v e v vsannnn O 0z 0Os 0« Os
i. Restrictions on non-essential auto travel during times

of high pollution by issuance of special license th [} Os O« 0Os

plates or vehicle atickers .. .. .eivesconsan
jo Turn come exiating lanes into "bus only"” and "car pool h 02 (]} O s

only” lanes on major expressways and strects. - » »

Which of the proposals liated above vtould be the most acceptable? {Give Letter:)

:)n

14-16
Open

19

2 [ Ja

22

23
24

25
26
27
28

29
30

31

certecerssentrarannns (Give Lettery

Which would be most unacceptable?
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CONSULT THEM, IF NECESSARY,

QUESTIONS 5-8 ASK FOR INFORMATION RELAT'NG TO OTHER HOUSEHOLD MEMBERS,
FOR THE AN>WERS,

Sa. How often do the various members of your household travel by public transportation? (For ex-
ample, by bus, subway, or commuter train.}
Children
Husband Wife {Over 16 Years Old)
c————
Three or more limes a week ..  «..[J} ... ...(N
One or two times 2 week . . . . ...[Djz «..02 «esJ2
Onceamonth, o v oscroevose e 335 a3 16 .03 17
Once every three months. .. . ...Di( ) R .Dl( ) .-.D4( )
NeVer. . cevnueovsvensnes oos{]5 N} P )
No houschold member. .vas. ...[]6 .. [J6 '_‘_\..D6
5b. Please rate each household member's reason for using public transportation. (Rate the most
important reason 1", lhe next most important 2", the next "3", etc. If a household member
never uses public transportation, "X' the “never use box at the bottom of the 1list.)
5c,  Please rate cach household member’s reasons for traveling by auto, Follow the same procedure
as in Question 5b, (WRITE IN BELOW UNDER 5¢c)
] .
5b, Public Transportation 4 5c. _Auto Transportation
Children Children
. {Over 16 . {Over 16
Reasons: Huubaﬁ Wife Years Old) Huaband Wife Years Old'
a, Cheaper,.......0. (38) (39) (40) f... (41) (42) (43)
b. Faster..... cereee (44) (45) (46) ... (47) (48) (49)
<. More comfortable ... .. (50) sH 52) }... (53) (54) ____(55)
d. Safer for passenger. ... (56) (57) ~(58) f...___(59) __(60) ___(61) (74-78
c. Less congested. .. .... (62) (63) (64) ... {65) {66) {67) open)
f. More available . .. .. . (68) (69) (70) '\... (71) (72) (73) 91T B0
va— — —_— -_— — — m—
g- More flexible (I can come Cd, 2
and go as [ please) . .. (15) (16) (a7 .. {i8) {19} (20) Dup
h. More relaxing (able to N 1-14
read while traveling). . (21) (22) 23) +«=-« (Not Applicable) --«we
f. Need car during the day . =-=~«a«- (Not Applicable) van=w ... (24) (25) {26)
j. 1do not have a driver's -
license., ..... b e (27) {28) {29) = ==== (Not Applicable) e waw
k. Car is not available when .
Ineedit ... ..c0u0e (30) (31) (32)_ = «wa- (Not Applicable) sewoe
1. Other (Specify):
(33) (34) 35) ... (36) _37) (38)
m. Naver use ("X" Box) ... [Jl 02 O3 40)
5d,  Again, consulting other members of your household, please rate in order of effectiveness w}‘A!ch {tems

below you feel would be most effective in encouraging the use of public transporation: “(Rate the most
effective item a 1", the next moet effective '"2", the next "3, etc.)

Itemas:
———

Cleaner and newer vehicles .. .....

Faster travel. . ...

Air-conditioned vehicles . o vsaa

More frequent service. v v o v e ve s

Lower fares ,, ...,

sevesease e

Parking facilities at stops or stations

Shelters against bad weather at stops

or stations . .

Better security to assure personal
safety. . ....

More conveniently located stops
or stations ... .i s

Other (Specify):

Children
Husband Wife [Over 16 Years O1d)
(41) (42) — (43)
. (44) (45) {46)
(47) (48) - (49)
- (50), 51 —(52)
. (53) (54} (55)
(56) )] — {58)
. {59) (60) (61)
. (62) (63) — (64)
. (65) — (66) — (67)
(71-78 open)
(68) 69) (70) 79180
e
'..

E-14



FIGURE (CONT'D.}
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. Ccd. 3
6a. How would you or other household members feel about traveling to and from work in a car pool?
{"X" ONE ONLY) v Dup.
) . Very intereated . ... ...l 114
Somewhat interested. . . . [J2
Not at all interested . .. .[]3
Already in car pool. . .. .[J4 15
Do not travel to and from os
work by car. oo vv v s
6b, If it becarne necessary to restrict the number of cars on expressways and streets in order to
reduce pollution and car pools became neceesary, how difficult do you think it would be to get
into one an existing one or organize one amongst your friends, neighbors and/or work associates,
{*X" ONE ONLY)
Extremely difficult. ... . [
Very difficult ,...,...[02 16
Somewhat difficult , . .. .[03
Somewhat easy , . ,,...[J4
Veryeasy...........[1s5
Ext 1 b eaeen
remely easy Os
Already in car pool ... .[J7
7. One of the major causes of areaa of high pollution ie traffic -
congestion, Pollution could be reduced if traffic congestion g v S
and stop-and-go traffic was reduced, Listed below are b E v :.’- b 5
several ideas for reducing traffic congestion. Please tell s s 5 &= o g
me how cffective you think each of these ideas would be in 4] é’ H E < S g
reducing congestion and pollution, {"X" ONE BOX FOR > 3 E o< N3
EACH IDEA) I £ 35 0
Idea:
——
a. Prohibit parking, loading and unloading on busy streets  [J1 0z O3 04 17
b. Inc-ease the number of one-way streets......on0e. [J1 0Oz (] O 18
¢. Establish reversible lanes on busy streets to be used
during rush hours, + c s s v av e avsvsnoevnn as 0z SE O+ 19
d. Prohibit turns at busy intersectione during rush hours . h 02 s D« 20
e. Widenmajor streets. . s coesanscccsctossncnne (B3} 02 O3 O« 21
f. Widen major streets at intersections only. v o0oosao [J1 Q2 03 04 22
g. Provide pedestrian underpasses and/or overpasses,,, []1 02 O3 0O+ 23
h. Improve timing of trafflc signale. . . vcscueeaasoas [J1 32 O3 O 24
i. Increase the number and (requency of radio traffic re-
POTEE o v ienaneeanoenaacnnananneassa.e O Oz [0 O 25
jo Turn some existing lanes into "bus only' and "car pool
only" lanes on expressways and busy etreets . ... [J1 (@ (m)] O 26
Your ideas (Please List):
[m}} 7] (] 04 27
8. Since traffic congestion is most severe at times when people are going to or coming from work,

one alternative for reducing congestion would be to have people start and stop work at different

That is, some people would start work at 5:00 AM and quit at 2:00 PM, others

timea of the day,
How do you feel about

would work from 7:00 AM to 4:00 PM, others fromn 10:00 AM to 7:00 PM, etc.
this idea? ("X" ONE ONLY}
Very much in favor, ... .
Somewhat in favor .....[J2
Indifferent, . ... ......L] 28
Somewhat opposed , , ...
Very much opposed, ... .0

(PLEASE CONTINUE ON THE NEXT PAGE)
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9a,

9b.

9c.

9d,

Ye.

10a.

10b,

1L

(2-C796)

Plcase record the model year of each car owned in your household, (WRITE IN BELOW
UNDER %a)

Please eptimate the number of miles cach car was driven In the last year,
(WRITE IN NUMBER OF MILES UNDER 9%b BELOW}

For each car, plcase estimate what percentage of last year's mileage was accounted for by
driving outside your local mctropolitan area. (For example, vacation, business trips,
short weckend trips, etc,) (WRITE IN BELOW UNDER 9¢c)

9b. 9c.
9, Last Year's Percentage of Mileage
Model Year Mileage Qutside Local Area
Car #1
Car §2
Car #3
Car #4

How many licensed drivers are there in your household? {WRITE IN)

Number of Licensed Drivers:

If better public transportation were available, would you consider disposing of any of the
cars you own?

Maybe 2

b U37 can7

Overall, how serious a problem do you think auto air pollution is in your city? ("X' ONE BOX

UNDER 10a BELOW)

Overall, how serious a problem do you think auto air potlution is nationwide? ("X°' ONE BOX
UNDER 10t BELOW)

102, City 10b, Nationwide
Very serious problem. .. ... h h
Serious problem .. ....... 02 D2
Slightly serious problem. ... Os 44 Os “43)
No problem atall. . .. ... O4+ (m

If you have any views or comments regarding any question or idea, please record them:

Yes Di]—» 9f, How many? (WRITE IN) “E[j“

(46-78 open)

Thank you for your help., Please check your answers and then return the questionnaire to me in the
enclosed postage-paid cnvelope.

79ET380
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2.0

APPENDIX F

A REPORT ON THE EXPERIENCE OF THE SAN DIEGO AIR POLLUTION CONTROL DISTRICT

ON CONTROL OF HYDROCARBON EMISSIONS FROM GASOLINE MARKETING

INTRODUCTION

1.1 Purpose

A trip to San Diego was made by Peter J. VWelier on 8 October 1572 for
the purpose of gathering information from the San Diego Air Pollution Con-
trol District (SDAFCD) on the control of hydrocarbon (HC) emissions from

gasoline marketing.

1.2 Contacts

The 1ollow g personnel were contactec:
Clark Gaulding, Deputy Air Pollution Control COfficer
Johrn Farnsworth, Senior Air Pollution Engineer
Barnard R. McEntre, Air Pollutior Enginecr
Ray Skoff, Air Pcllution Engineer

All work at:

County of 3an Diego Air Pollution Contrci District
Department of Public Health

1600 Pacific Highway

San Diego, California 22101

(714) 236-3826
(McEntre and Skoff provided me with most of the information described in

this report.)
TECHNICAL INFORMATION

2.1 General System Design

2.1.1 Baseline System

The baseline system is as in Figure 1. The tank truck fills
an underground storage tank at the service stetion and car tanks are
filled from puwps which bring gasoline from the underground tank.

The disadvantages of this system are:

(1.) Since the temperature of the gasoline irn the tank truck
is very probably (in moderate to hot climates) higher than the

gasoline temperature in the underground storage tank, the total vaoor
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pressure in the underground tank is increased. HNormally a 1.0 PSI
relief valve is used for underground tanks; if the increase in vapor
pressurs exceeds this, gasoline vapor will be emitted to the atmo-

sphere. (See Attachment A)

(2.) The empty car tank is similarly full of vapor, which is

displaced to the atmosphere as the car tank is refilled.

(3.) The topcaps on the tank truck are opened during the
transfer of gasoline to the underground tank. This allows air to
enter the truck tank and gasoline vapor to exit from it. The air
in the truck forms (according to McEntre) an explosive mixture®
with the gasoline vapor in the truck. Thus, the driver returns to

the bulk terminal with a highly dangerous cargo.
2.1.2 Recovery by Condensation

To recover vapor displaced from the underground tank (or car
tank), some systems condense the vapor and either hold the condensate
or return it to storage in the underground tank. Typically 10% of

the hydrocarbon throughput is lost to the atmosphere with such a system.

2.1.3 Recovery of Adsorption
Some systems use carbon canisters to adsorb the vapor. The
canister may be periodically back-flushed (without removal) or may

be removed and the trapped gasoline destroyed or recovered.

2.1.4 Recovery by Vapcr-Return

With a vapor-return system, a vapor line running from the
underground tank to the tank truck carries displaced vapor from the
tank back to the truck (See Figure 2). The truck is kept closed,
except for the fill line and vapor line to the underground tank.
When filling of the underground tank is complete, the truck returns
to the bulk terminal with a load of saturated (and, therefore,

non-explosive) gasoline vapor.

% Minimum air-fuel ratio (weight basis) for explosive mixtures is 9; optimum
(ie, most effective for combustion) ratio for explosive mixtures is 14 to

16.
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Vapor-return applicd to car tank filling takes a similar form.
A vapor line running parallel to the gasoline line used for filling
car tanks retuns displaced vapor to the storage tank. Both vepor-

return applications require a vapor-tight coupling with each tank.
2.2 faecific Svstems and Hardware

2,2,1 Names and Addresses of Manufacturers
Attachrient B includes a list of system and hardware suppliers.
Those marked ''out' have withdrawn their interest; those marked with

an "'X'" seem to be the most promising or furthest-developed.

2.2.2 Descriptions of Systems and Hardware

See Table 1.
LEGAL AND POLITICAL IMNFORMATION

3.1 Rules 61 and 63
Attachment C is a package sent by Gaulding to gasoline marketing
operators. It includes the applicable SDAPCD rules (61 and 63) and a

compliance form for permitting. Key aspects of these rules are:

Rule 61: (1.) Lower tank size limit for control requirement
is 250 gal.
(2.) Last paragraph in (a) is subject to misinterpretation

and shouid be more explicit.

Rule 63: (1.) Lower tank size limit for control requirement is 250 gal.
for stationary tanks and 5 gal. for boat and MV tanks.
(Average ranch or farm storage tank is 550 to 1000 gal.;
filling station tanks range from 8000 to 10000 gal.)
(2.) "All1" in line 11, sentence beginning with "Loading ...'"is
defined as 100% by SDAPCD.
(3.) ttems (1) and {2) of the rule requires 90% efficiency for
absorption and condensation and 100% efficiency (''all')
for fuel handling (e.g., vapor return) systems.
(4.) Existing sources must have submitted a compliance schedules

by 1 July 1972% and must be in compliance by 1 January 1974.

* The date for this requirement has not been enforced rigorously - some schedules
have been received, others are in progress.
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3.2 Legal and Political History

3.2.1 Suit by California 0il Jobbers Assoc.

COJA supplies gasoline to private accounts and independent
service stations. It filed a suit recently to challenge the rules
but the suit has been dropped because COJA did not exhaust the
administrative procedures specified in the rules (namely, the right
of hearing and appzal). A major contention is that COJA wiii ve
hurt economically by the new rules, but the organizaticn has not

been able to show an economic disadvantage.

3.2,2 Filling Stations

One station operator recently applied for authority to con-
struct a station in San Diego. The application was initially re-
jected because of insufficient control, but the operator resub-
mitted the application, this time with a description of a
recovery system. Action on.this application has been delayed
pending the development of tank farm facilities for disposal of

vapor recovered from vapor-return systems at filling stations.

Evaluation of several other filling station applications is
underway. Generally oil companies with existing or planned stations
in San Diego seem to be compiying with the rules. This may or may

not actually be the case; it will become definite in the near future.

F-4
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Suppller

Approximate

Description Capital Cost*

Atlantlic Engineering

Calgon Corp.

(Pittsburgh Activated

Carbon Div.)

Dover Corp.
{OPW Div.)

Ocean Resources,
Inc.

Shields, Harper
s Co.

Vaporex

Russell, Blirdsall
& Ward (RBW)

*Does hot Include tnstallation and peripheral hardvare (piping, valves, etc.)
costs are volatile,

Condenser. Condensate s returned to $5000
underground storage tank.

Adsorber. Replaceable carbon canisters; --
OPW pump nozzles are used. System being

tested at San Diego County Cperational

Center, where county vehicles are serviced.

PAC has funded modlficaticn of the Center.

Nozzle only. See Fig. 3. This is the only $65

commercially available nozzle at present. {Price will
probably be
reduced to $35
if/when nozzles
are produced in
large quantities)

Definition of system is presently vague. Not determined

Technical descriptlion has not yet been --
disclosed. Shields, Harper & Co. will

own and lease out their ricovery equip-

ment. They will also own 21l gasoline

recovered.

System reduces the volume of entrained air $1500
mixed with vapor and retu-ns recoveread

gasollne to storage tank. (Major restraint

on this type system is that recovered gas-

olline must be at same temoerature as gas-

oline in storage tanks.) A prototype is

being used by Chula Vista Yellow Cab Co.

Adsorber. Paralle! carbon canisters. One $2300
canister is heated and backflushed by vacuum

to the storage tank while the other remains

in operation. Recovered vapor is bubbled

thru liquid gasoline in storace tank. System
Includes a nozzle design (sece Fig. 4).

Status

Available

Developmental

Avallable

Unknown

Deveiopmantal

Prototype
available

Developmental

These estimated
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Attachment A: Example Calculation of Pressure Increase in Underground

Storage Tank During Filling (McEntre)

Estimate (considered conservative):
Temperature of gasoline in truck = 909F

Temperature of gasoline storage tank = 70°F

Assume:
2000 gal. gasoline in truck

400 gal. gasoline initially in storage tank

Thus:
Temperature of mixture after filling = $7°F
Initial tank pressure (before filling):

gasoline vapor: 6.8 PSIA

tank air: 7.9
total: 14.7 PSIA

Tank pressure orier filling:

gasoline vapor: 9.4 PSIA

tank air: 7.9
total: 17.3 PSIA
increase in vapor pressure = 17.3 - 14,7 = 2,6 PSIA

F-10



County of " SanDicge

B [N . : .
4 X . - o o o ( nau
: v .t nnnvall

SRR Cmr e

DEPARTMENT O PUBLIC HEALTH

J B ASKEW. M. D.M P H 1A00 PACIFIC HIGHWAY SAN DIEZO. CA w2101
D:RECTOR OF FUBLIC HEeaLW TEFLEPHONME 230 7711

i:- D Ui R, _

Gentlemen:

This office recently mailed a package of material (letter, forms, ete.) regard-
ing the requirenents of Rules 61 and 63 of the County of San Diego Air Pclluticn
Control District to all known affected parties. 1In response to tret corrscpon-
dence, you made a verbal or written request to the District that you be vrovided
with the nanmes of individuals or firms that have contacted the Districy i1naicat-
ing that they have an interest in or czpability for the development of equipmens
that may be required to comply with Rules 61 and 63,

The Dis®trict is not routinely issuing such a listing; however, in an effort to
essist in eny reasonable way possible, the District is providing such a2 listing
to you and any others vwho have made specific requests. Please rind the subject
listing enclosed.

In providing this 1nforﬂatlon, the District wishes to make several poLn,s 2lear,
The list includes in alphabetical order all persons or companiss that haveé spec-

ifically indicated to the Districet that unev are interested in develcping cor
essisting in the developuent of equipment that might be required ito meet Rules

61 and 63. The District do=s not consider the listing complete, since in 211
likelihood there are others who have not contacted the District who have a similar
interest or capebility; therefore, the District intends to augment the list to in-
clude anjyone who requests that they be included. Finally, the District expressly
disavows ary advance endorsement of any individual or ccmpany on the list, or of
any equlvmnnt or methodology that they may recommend; the District will evaluate
equipnent and/or systens only when incorporated in specific Compliance Schedules
or in applications for Authority to Construct. Any questions regarding this matter
should be directed to me or to Mr. John Farnsworth.

Sincerely,

Clud 7 - el

CLARK L. GAULDING, CHIEF
CLG:nj Air Pollution Control Service
ttachmert

Scr:-iflg all of the incorporated amd umincorporaic! areas of San Dicgo County
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Nret/ e r B, covrv

IIDIVIDUALS CR IMIRGS INDICLTING IETLREST I OR CAPABILITY FOR DuVILCLEKT OF ZQUIPLLNT FOR
Rules 61 ond 63 Comnliignce

County of San Diego Air Follution Control Distriet

The following listing has been made aviilable by the San Diego County Air Yollu~-

tion Control District
letter dated
in that letter.

Aeroguip Corporation
Bzrco Division
Barrington, Illincis 60010
Atlantic Zngineering, Inc.
2275 V. Lincoln Ave.
Analieiu, CA 92001

6170 Thornton Ave.
Hewarlis, Ca 94560
(Attn: John C. Taylor)

The Bendix Corporation
Eendix Center
Southfield, Ilichigan 48075

Calgon Corporztion
Piticburgh |
P.0. Box 1346

Pittsbur,h, PA

L pommem T

Zorbon Div,
15230

Coast Equipnent Exchange
6411 liaple Street
Vestainster, C.. 92683
Cyrus, ir. John Z.
Jonn &, Cyrus Co.

P,0, Box 10161
San Diezo, Ca 92115
Dover Corporation/C:w Div.
2735 Colerain Ave.
Cincimnati, Chio 45225

zoco Wneaton, Inc.
Chamberlain Blvd.
Conneaut, Ohio 44030

Gulf Environuental Systems
P.0. Box 608
San Diego, CA 92112

Hamilton Constructors

904 vestiinster Ave.
Llhombra, CA 91003

9/25/72 (Revised)

F-12
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X

on request and as specifically qualified by the District
The listing has no meaning except that expressly stated

Bazlett, Vesley V.
1089 Incdian Villzge Road
Pebble Bezch, CA 93953

Kenton Equipuent Company
3250 Kurtz Sireet
San Diego, Ci 92110

Nachant, Fritz A., Inc.
3475 B. Street
San Diego, CA 62102

North American Czrbon, Inc.
Box 19737
Columbus, Onio 43219
Ocean Resources, Inec,
P.0, Box 2244

) La Jolla, Ci 92037

Parker-Hannifin
Pueling Division
18321 Jariboree Blvd.
Irvine, Ci 92664

Rheem Superior, Div., of Rueen ilfg. Co,
6155 South Zastern Ave.
Los Angeles, C. 90040

Shields, Harper & Co.
5107 Broadv.y
Oakland, CA 94611
Tokheim Corporation
1600 Vabash Ave,
Ft. Vayne, Ind. 46201
Vaporex

G600 Orange Fair Lane
Anshein, CA 92801
(Attn: B.B. iurrey)

Viiggins Connectors, Div. of Vizgins
500 Trig s 3tirees

Los Angeles, CA 50022

.éa:m'cc, Girasoce, avo ooen (X8 Ya/)
/G oo . P AMKG £O,SwvrE Goo

JocrmmeEcd, Miowt $P07S
SOrrIl: Al Pesrserr)
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DEPARTMIENT OF PULBLIC HEALTH
J B ASKEW. M D M P H 16800 FACIFIC HIGHWAY SAN NIEGO CA 92101
DIRECTOR GF PLBLic HealTh TFLEPHONE 2323.77 1

On January 17, 1972, the Board of Supervisors of the County of San
Diego, actinn s Dlrectors of the San chgo Couguv Alw Pollution

by

These tvio- ru¢es, vwhich are reproduced in ﬁull and Cﬁcloaed e¢01g vl
Rules 30 nod LO relating to permits ~nd Tezs. affect the storoge o
transfer of gasoline from bulk supplier to ultinate consumer,

24 oy

byl
HIA

These Rules esteblish 2 compliance date of Januery 1, 1974, on facil
ities that are in existence or are being coastructed oa June 30, 10,(,
(facilities constructed after June 30, 1972, rust comply at stert of
operation). In order to satisfy the Air Dolluuwon Control Disvrict
that the Rules will be met by January 1, 1974, a comsliaznce schedule
showing nethods to be used in meeting the reguirements, and critical
dates in the irmlementation of these methods, must be subnitted by
July 1, 1972, If this compliance schedule is not submitted by July
1, the requirements of the Rules become effective immediately; if tae
submitted compmliance schedule is not adhered to, the Rules become
effective on the date the schedule is not adhered to.

Thus, the compliance schedule must be carefully considered before sub-
mission and followed afier subnission; a Rule 61-63 cormliance schedule
form is enclosed for your use in submitting the schedule. However, sub-
mission of this form without supporting explenation will not constitute
an accepteble compliance schedule in mosv cases. The explanations re-
quired in items lo. 1,2, and 3 of the form should be augmented with
schematic dravings and diagrams, and the major elements of the control
system should be described in sufficient detail to provide a clear un-
derstanding of the basic technical concepts involved,

Serving aly of ‘the incorporated and unincorporated areas of San Diego County
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A consolidated schedule may be acceptable in certain cases with prior
approval from the District: an example would be one owner contemplating

the same corrective reasures for scveral similar fecilities at the same or
different locations. To resolve the details of such a schedule, or any other
questions regording this matter, plecase contact the Senior Air Pollution
Engineer, lr. John K. Farnswoerth, or me, at 239-7711, ecxtension 631. Your
cooperation in this matter will be appreciated.

The instructions conteired in this lebtter pertaining to compliance schedules
do not apoly to gasoline storage tanks and gasoline iransferring cquioment

alt locatiocns vhere the equipnent is used solely Tor agricultural coperations
in the growving of crovs. or raising of fovls or animals., This exemption

is pursuant to certain vrovisions of the S*ate Health and Safety Code pertain-
ing to permits or egriculturel coverations and a District administrative
decision on the status of compliance zchedules for operations not requiring
rermits. loverer, althougch a compliance schedule and Air Pollution Control
District DVLM_, Auj not be recuired for agriculiurel ecuipnent, compliance
with Rules 61 and 63 by July 1, 197k, is required, and owners of such egquipment
should make their own plans for compliance by that dote.

Slncerely, .

ol 2 wlllecicr

CLARK L. G ULDI‘G Chief
Air Pollution Control uerv1ce\

CiG:ba

Encl. Rules 10,40.61,63
Compliance Iornm
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RULE 61. STORASE OF VOLATILE QRGANIC COMPOUMDS.
{(a) A person shcll not hold or store any volatile organie
compound having a vapor urezaure of 1.5 pounds per square
inch adsolute or greater, under actual storare conditions,
in any stcotlonary tank, reservoir or other coatalner of
more than 253 sallons capacity unless such tany, reservolir
or other cnntainer is a nressure tonk mairtuining, at
all tines, worklm pressures sufficlent to prevent hydro
ecarben vinor or [as loss to the atmosphere, or 1s designed
and equipred with onc of the followling vapor loss control
devices or systems, prorerly installed, in good working
order, and in opcrations:
e
(1) A floating roof, consisting of a pontoon
type or double deck type roof, or internal [loaving
cover, resting on the surface of the liquld contents
and crnuipped with 2 closure scal, or scalsc, to close
the space between the roof edee and tand wall. (This
control cqulinment is not anproprlate if the volatile
orranic comnpound has a vepor pressure of 11 pounds
per square inch assolute or greater under actual
storage condltions.) Al) tank rauvine and sasoling
devices shall be gaa-ulsht except when gauging or
sanpling is tazing place.

(2) A vapor collection and dicrpssal syctem,
conuisting of a vapor rathering system canable of
collecting tha volatdle orpanice compound varors and
gases discharged, ond a vapor dlzpeszl syzten s
prescribed in Rule §3. Al tunk raurine and sannling
devices shall be cas-tiegnt excent vwhen gausing or
sampling 1s taking place.

(3) Other equiprent of at least equal efficiency
to the equdpm:mt soecificd in (1) and (2) above,
provided plans for such cquipment are submitled to
and upproved by the Alr Pollution Control Officer.

Preasurc tanks reqnuired by this rule may be cquipped with
one-woy avtamatic pressure relief valves necessary to
meet any other rcquircients of law,

(L) Hotwithstanding subdivision (a) of this Rule,
a person holdling or storiny the above speecificd corpounds
in a stationary tank, rcservoilr or other contalner of
more than 2506 pallons cepacity wnich was elther in existence
on June 30, 1972 or in the process of Leln installed
on saild June 30, 1972 on the preouises where they were
to be uzed, shall not be subject to the provisions of
subdivisicn (a) of this Hule unill Janvary 1, 1974, provided,
however, that such person 1s hereoy required to file on
or before July 1, 1972 a compliance scheaule with the
Adr Pollution Control Officer showing hos the person will
bring hic operatlons into compliance with subdivislion
(a) of Lhis Rule on or before saild January 1, 1974, Fallure
to file such compliance schedule or abide by its terms
ahall render the prohiblition contained in subdivision
(a) of this Bule immediatcly applicable to such person
on July 1, 1972 or on the date of said person's failure
to ablde by said compliance schedule.

RULE 63. VOLATILE OHGANIC CONPOUIID LOADING FACULITIES.
{a) A person shall not load or allow the loading of volatile
organic comnounds having a vanor pressure of 1.5 pounds
per square incih absoiute or preater, under actual storage
conditions into any tanik truck or trailer, ratlrozd tank
car, locomotive, aircraft, statlonary storare tank with
a capacity of more than 250 gallons, or boat or moLor
vehlicle fuel tank havinyg a canacliy preater than 5 pallons
from any ‘oadinpg facllity unless such tank or loading
facllity 15 cquloped with a vapor collectlon and disposal
aystem, or dts ecqulvalent, orenmerly fnstnlled, in food
workiag ordcr, and in onerztion. Lozdire shall be accoaplished
in such a manner thal all disnlaced vanor and afr will
be vented only Lo the voner diznosac zystem. A ng
£hall be provided to rrevent llauld orianice comnound drainase
from the loading deviee when it is removed from the hatch,
or to accomnplish comnlete dralnage before such removal.

The vopor disposal portion of the system shall consist
of one of the following:

(1) An absorber system or condensation system
with a mininum recovery cfficiency of 30 per cent
by welpht of all the volatile orpanic compound vapoers
and gasses entering such dlsposal system.

{2) A vapor handling system which directs al}
vapors to a fuel gas system.

(3) Other equipment of ‘at least 90 per cent
efficlency, provided plans for such equipment are

submitted to and approved by the Air Pecllution Control
Officer.

Intermcdiate storage vessels may be used prior to
disposal of vapors under 1, 2, or 3, zbove, provided they
are so designed as to prevent relcase of vapors at any
tlme during usec.

(b) Notwlthstanding subdivision (a) of this Rule,
a person loading or allowing the loading of the above
speedfled compounds in the above spec!fied storace vessels-
from the above svecified loading facilities, ecither of
which were in existence on June 30, 1972 or in the process
of being installed for use on sald Junc 30, 1972, shall
not be subfcct to the provisions of subdivision (a) of
this Rule untll January 1, 1974, provided, however, that
such person 45 hereby required to file on or vefore July
Y, 1972, a compliance schecdule with the Alr Pollution
Control Officer showing nou the person will bring hnis
operation into comblliance witn suodiviston (a) of this
Rule on or bLefore January 1, 1978, Fatlure to file such
corpliance schedule or abide by its terms shall render
the prohibition contained in subdivision (a) of this Rule
immediately zpplicable to such person on July 1, 1972
or on the date of said person's failure to ablde by said
compllance schedule.

tules and Regulation, County of Szn Diego
Air Pollution Control District; Adopted January 17,

1972
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CRULE 10. PERMITS REQUIRED. (a) AUTHORITY TO COWSTRUCT.
Any person bullding, erceuding, altering or replacing eny
article, machinre, equiprent or other conlrivance, the
usec of which may cause the issuance of alr contaminmnts
or the use of which may elininate or reduce or .onirol
the 1ssuance of air contaminants, shall first obtain written
authorizalion for such construction from the Alr Pollution
Contrel Officer.. A scnarate nuthority to Construect wil)l
be requircd fer ench jpicce of caulprent, procuct line,
systein, process line or process thnal _nroduces

A _product

or performa a service independently of otter cquipment

produrt lines, s/ntems . DrOcesS 1Incs or processc n
Authoritv to Contruct 1l rewain In effect until the

nornll to oserate the ecuairiment for wiich tne auplication

vas f.ied 13 cranted or cenled or the application is cancelled,

(L) PERIIT TO OPERATE. Before any article, machlne,
equipment or other contrivance described in Rule 10 (Authorisy
to Construct) rmoy be conerated or used, a written permnit
shall be obtaircd from the Alr Pollution Control Offlcer.

No permit to operate or use shall be granted either by

the Air Pollutlon Control Officer or the jlearing Board

for any article, machine, equibpment or centrivance deseribed
ir. kule, 10 (Authority to Construct), constructed or lnstallea
without aithorlzation as reauired by Rule 10 (Authority

to Construct) untll the information required is presented

to the Air Pollution Control Ufficer and such artlicle,
machine, equipment or contrivance is altered, if necessary,
and made to ccnform t¢ the standards set forth 1n Rule

20 and elsewhere in-thesce Rules and Hepulatlons. g _gseparate
pernit to onerpte

will be requitree for each picce of equipment,

procucy 1.8,
a product or rercto

nrocess line or rracens that produges.
3 o service Andepencentlyz of othor
equipment, produc’ lines, systems, nrocess 1ines Oor DIOCESSCS.

{c) POSTING OF PERUIT TO OPERATE. A person who
has been granted under Rule 20 a permlt to operate any
article, machine. equipment, or other contrivance described
in Rule 10(L), skall Cirmly affix such peralt to operate,
an approved facsinile, or other approved identification
bearing the permit number upon the article, machine, cqulpment,
or other centrivance in such a meancr as to be clearly
visible and accessiovle. In the event that the artlcle,
machine,” cquipment, or other contrivance 15 50 constructed
or operated that the permit to operate cannot be so placed,
the permit to uperate shall be mounted so as Lo be clearly
visible in an accessible place within 25 feet of the article,
machine, equipment, or other contrivance, or maintained
rcadily available dt all times on the operating premises.

- {d) ALTERATION OF PERHIT. A person shall not wilfully
deface, alter, forge, counterfeit, or falsify eany. pernit
issued under these Rules and leculations.

(r) PERBTIT TO SELL OR REXT. (1) Any person vho

sclls or rents to AAAZIYE pny_other person an incineratcr which

may Le used to disnose of combustible rcfuse by hurning

within San Diero County and uwhlch fincincrator is o bt

used exclysively in connection with any structurc, designed ¥ fry
and used exclusively as a deellins for not more than Jour
families, shall flest obialn a permit frow tine Alr Pollution
Control Cfficer to scll or rent such Inclnsrator.

(2) _Any person vho rents o any other person
for Yeos than oue yoar spy_article, rmachine, con
01 other coubbyciee . [oy esetobed rorc Sl
1O Oy Y st ey beste 11, toe

Lthe 1 [l SAr et i
waden s oelio AU TOnCe Off
o atr conta aunall first oble
rom the A i Uy e v
ir o conLelN aee.
Tor oy -
avticle, race! riv.oace, ich
permit thall like articien, machines,
cquinmenl or contrivarces irented by seld perscn.

{z) COHTROL EQUIPNINT. iothing in this rule shill
be construed to authorize the Control Officer to reaulre
the use of machinery, devices, or cquipuent of a particular
type or design, if the renulrod emisslon standard may
be met by machinery, device, cguipaent, product, or process
change otherwise available.

RULE 40. JVVRMIT DPPLICATION FEES. Every applicang,
except any State or local governmental agency or public
district, for an authority to construct and/or a permit
to operate any article, machine, equipment, or other contrivance,
shnll oy a filing fee of $410.00 for each anplication
f11cd, Vhen a sin=le apolicatlon 15 subaltted for both
2n il horthy to constiuct ard 3 perrit to onerate, tne

f11inp fec spall b 169,02, Where an application 13 f1lcd
Tor a permit vo cnerate any article, rachine, cquipment

or other contrivance by rcazon of transfer from onc person
to another, and where a perait to operate had previously
been pranted under Rule 10 and no alteration, addition

or transfer of location has ULeen made, the appllcant ahall
pay a $10.00 filing fee.

Where a single permit to operate has been granted
under Pule 10, and wherc the Air Pollution Control Officer
would have issued scparate or revised permits for cach
permit unit included in tne original application, the
Air Pollution Control Officer may isgsue such separate
or revised permits without fees.

A recuest for dupllicate permit to operate shall bve
made in ¥riting to the Air Pollution Control Officer within
10 days after the destruction, loss or defacement of a
permit to opcrate. A fee of $5.00 shall be charged, except

to any state or local government deyd e AX agency or

public district, for iasuing a duplicate permit to operate.
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COUNTY OF SAN DIEGO AIR POLLUTION CONTROL DISTRICT
RULE 61-63 COMPLIANCE SCHEDULE

INSTRUCTIONS: THiS FORM IS TO BE COMPLETED BY THE OWNER FOR EACH FACILITY SUBJECT TO RuLes 61, AND/OR 63.
A SINGLE COPY OF EACH FORM AND ANY ATTACHMENTS SHOULD BE SUBMITTED. A COM3INED COMPL I ANCE SCHEDULE FOR
MULTIPLE UNITS OF EQUIPMECNT OR FACILITIES AT MORE THAN ONE LOCATION MAY BE ACCEITABLE PROVIDED THE APCD
HAS GRANTED PRIOR APPROVAL FOR SUCH A COMBINED SCHEDULE,

THIS FORM IS INTENDED AS A GUIDE; IT SHOULD BE AUGMENTED WITH ADDIT IONAL DESCRIPTIONS, DRAWINGS, ETC., TO
PROVIDZ A CLEAR UNDERSTANDING OF THE BASIC TECHNICAL CONCEPTS OF THE COMEL IANCE FLAN.

STORAGE OR DEL ! VERY FACILITY MAME

LOCATION

OwHER [NaME) TLITLE

ADDRESS OF QWNER TELEPHONE

NUMBER Of STORAGE TANKS Si12¢

HUMBER OF DELIVERY NOZZLES OR LOADING ARMS

1. PROPOSED METHOD FOR CONTHOL OF VEKTING FROM STORAGE TANKS (RuLE 61)

DPPESSURE TAMNK METHOD VAPOR HANDL I NG SYSTEM DOTHER

EXPLAIN

2. PROFOSED METHOD FOR CONTROL OF DISPLACED VOLUME FROM STATIONARY STORAGE TANKS DURING LOADING OF FLUID
INTO sucH Tanks (RuLe 63).

[:] ABSORBER OR ~ONDEMNSATIOM SYSTEM [:]VAFOR MANSLIMG SYSTEM [:] OTHER

EXPLAIN

3. PROPOSED YETHOD FOR CONTROL OF DISFLACED VOLUME FROM TANKS OF NON=STATIONARY SOURCES DURING DEL!VERY
OF FLUID INTO SUCH TANKS (RuLE 63).

D ABSORBER OR CONDENSATION SYSTEM VAFOR HANDLING SYSTEM D OTHER

EXPLAIN

4. SCHEDULE DATES FOR SUBMISSION OF APPLICATIONS FOR AUTHORITY TO CONSTRUCT AND PERMIT TO OPERATE FOR
ITEMS 1,2, 2 3
Ivem 1. ITEM 2. . ltem 3.

5. SCHEDULE DATES FOR START OF CONSTRUCTION OR INSTALLATION FOR [TEMS 1,2,3.
iTEM 1. ITem 2. tTem 3.

6. SCHEDULE DATES FOR COMPLETION OF CONSTRUCTION OR INSTALLATION AND READINESS FOR EVALUAT(ON FOR
PERMITS TO OPERATE FOR ITEMS 1,2,3.

ITeM 1. {Tem 2. ITEM 3.

S1IGNATURE OF OWNER DATE

(ORIGINATOR SHOULD MAKE COPY FOR HIS RECORDS.)

Do NOT WRITE SeLow {AFCD UsE OnLY)

COMPL | ANCE SCHEDULE: REVIEWED 8Y ACTiION DaTeE

Proaress REPORT DUE DATES

COUNTY OF SAN DIEGO DEPARTMENT OF PURLIC HEALTH

1600 PACIFIC HIGHWAY, SAN DIEGO, CA §2101
APCD 8 6/72



APPENDIX G
AIR QUALITY FORECASTING SIMULATION MODEL

The state of air quality is influenced by a large number of complex
relationships and interactions. Any attempt to forecast future air
quality must account for these factors. One method for addressing this
problem in a systematic framework involves the use of a computer simu-
lation model. Here, the various relationships affecting air quality

(such as transportation controls) can be assessed quantitatively.

The model developed for this study permits the forecasting of future
air quality of each Set II pollutant for the 1975 through 1980 period.
Basically, the model consists of the following four elements.

o Air Quality Model (RBM)

o Vehicle Population Model (VPM)
o Vehicle Emissions Model (VEM)
o Strategy Assessment Model

Each describes a different facet in the process used to forecast
future air quality. Figure 1-G presents a schematic overview of the
composition and relationships between the various mode]l elements. Since
the model was developed for evaluating the merit of various transportation
control measures, it quite naturally focuses with more detail on the
mobile as opposed to stationary sources. The model is sufficiently

flexible in design, however, to permit a more elaborate description of

G-1
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stationary sources, as appropriate. The following presents a more
detailed discussion on the basic characteristics of the model.
AIR QUALITY MODEL

Two different methods are used for estimating future air quality.
The first one, employing simple roll-back concepts, assumes that reaional
air quality will improve in direct proportion to reductions in regional

emissions. Future air quality is estimated by:

where :

AQ - Regional air quality (F - Final Year, B - Base Year)
E - Motor vehicle emission in region
S - Ratio of motor vehicle emissions to total pollutant emissions
in region
GF - Growth factor for stationary source emissions in region
Equation G-2, modified slightly to account for natural backaround
concentration levels, is referred to as "Simple Roll-back" and operates

in the form:
2:E19xx

Py = bt (AQbase year ~ b) * ZEbase year (G-2)

where b is the background concentration level

where oy and o, are functions of the atmospheric stability

class and the distance from source to receptor. hj is the

effective stack height.
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The Roll-Back equation using the location factors becomes:

:E: ]ijj, 19xx

b)
PRTY:

j j» base year

Adxx = b+ (AQpqse year™

Since the location factors appear in both the numerator and
denominator of the concentration multiplier, only the relative
magnitude is important.

As the distance between the receptor and the source increase both
a, and oy increase, the rate of increase depending on the atmospheric
stability class.

The atmospheric stability class characterizes those meteorological
conditions required by the Air Quality Model. As described in the Turner
Workbook [40 ], the stability class quantifies the turbulent structure
of the atmosphere around the area being considered. It depends mainly
on the amount of incoming solar radiation, the cloud conditions and
surface wind speed. The stability class ranges from A to F, A being
the most unstable, F the most stable. Figures correlating oy and o,

with the stability class along with a complete description of the

technique are found in the Turner Workbook.

This technique, although simple to use, has some severe restrictions.
It does not account for the fact that some emission sources are closer
than others to the receptor or problem area. Nor does it consider
differences in effective stack height of the various sources.

sources. Finally, it ignores meteorological conditions.
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The Modified Roll-back, or Semidiffusion Model takes into account
some of these effects while retaining the simple form of the ro11-back
equation. This modification to Simple Roll-back is an attempt to
characterize the atmospheric distribution of emissions while avoiding
a full scale dispersion model. While these larger models are available

they have not been applied to the Houston area planning.

The Semidiffusion Model assigns a relative importance to each
source depending on its distance from the receptor, (or hot spot)
the prevailing atmospheric stability class, and to a small degree,
on the effective stack height of the source. This relative

importance index is called the Location Factor (1f).

1f, = 1 for a particular source j
J h2
oyoz €Xp __ir_
2q3

The air quality model correlates oxidant concentrations to hydro-
carbon values through the use of the observational model relationship
presented in Figure 4-A of Appendix A. The model references the total
hydrocarbon concentration to derive oxidant concentration values at each
year for each strategy.

Table G-1 presents a list of the 8 source categories (both mobile
and stationary) used in characterizing the semi-diffusion model for the
Houston Region. In general, when controls are applied to mobile sources
which are relatively closer to the receptor then their stationary counter-
parts, the semi-diffusion model will yield lower estimates of pollutant

cancentrations then the simple roll-back model.
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VEHICLE POPULATION MODEL
The Vehicle Population Model (VPM) is a general methodology for

analyzing the impact of changes in the vehicle population on resultant
vehicle emissions. Used in conjunction with the Vehicle Emission Model,
VPM can provide estimates of net emissions for the period 1972 - 1980
under a variety of alternate control measure considerations.

The basic model methodology involves analytically describing the
"birth and death" process taking place within the vehicle population
itself. Older vehicles are continually aging, with the oldest Teaving
the population entirely after many years of service. Simultaneously,
new vehicles are being added to the population at some pre-assigned rate
Because of this process, the relative weights of various vehicle age
groups in determining the net emissions change with time. Any accurate
emissions projection must account for this phenomenon.

VPM computes the vehicle age distribution over time, adjusting for
both new cars and vehicle attrition. This distribution provides a set

of weighting factors for each age class and for each year analyzed.

Table G-1. Emission Source Categories for Houston
1. Uncontrolled Vehicles
2. Controlled Vehicles

Post-1974 Vehicles

S w

Heavy-Duty Vehicles

5. Crankcase and Evaporative Losses
6. Point Sources

7. Area Sources

8. Other Transportation

G-6



Combined with independently estimated vehicle emission rates, this dis-
tribution data can lead to emission projections weighted for changes in
vehicle population characteristics.

This weighting process is crucial in making accurate projections.
Under the current vehicle breakdown, three separate classes of light
duty vehicles are considered: uncontrolled (pre 1968), controlled
(1968 - 1974) and post 1974. Emission levels of the first group rises
substantially over time due to vehicle deterioration. Yet, due to natural
attrition processes, their numbers decline. The net contribution of this
group depends upon the interaction of both vehicle attrition and deterio-
ration. Similarly. post 1974 vehicles have substantially reduced emission
levels. As they enter the population and represent an increasingly large
fraction, the population's emissions characteristics will approach those
of the post 1974 cars. It is this complex interaction between vehicle
attrition, entrance of new cars and resultant population emission levels
which is described quantitatively by VPM and which can provide a straight-

forward mechanism for projecting emission levels over future periods. The

emission levels for new cars entering the population are assumed to be
in compliance with promulgated standards. The model can also be used
for measuring the time related effectiveness of various proposed vehicle
control strategies, both singularly and in combination. This can be
accomplished by introducing quantitative point estimates of strategy

effectiveness and simulating the model over a specified time horizon.
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VPM requires the following as basic input:

o Initial vehicle population

o Initial vehicle age distribution

o Population growth rate

o Vehicle attrition rates

o Initial vehicle emission levels by model year

o Emission deteriorate rates by model year
VEHICLE EMISSION MODEL

The Vehicle Emissions Model (VEM) characterizes emission levels for
the first five source categories of Table G-1. Equation G-3 presents the

relationship used in estimating emission levels for categories one through

four.
nz
e o= 2o G 4y My Sy VN, (6-3)
i=n
1
where:
Ci = the new car (low mileage) emission rate for model year i
di = the time decay factor
the weighing factor for fraction of vehicle miles traveled

Si = the speed correction factor

VMTi = annual vehicle miles traveled per year for one vehicle
in ith model year

M. M, = time limits for the appropriate category

1, 2
E = emission rate by vehicle in grams per year



Similarly, equation G-4 shows the relationship for estimating

evaporate and crankcase losses

E = Ejhi Mi VMT;
where:

hj = evaporative and crankcase emission losses for ith model year

Conversion of emission rates from grams per year to grams per second,
for incorporation into AQM, requires the use of the diurnal distribution
of vehicle miles traveled within the metropolitan area and the pollutant
measurement sample basis. Both are used to calibrate annual emission
rates with actual traffic flows and peak pollutant levels. The effective-
ness of various control measures for these five categories is then applied
directly to the resultant emission rates.

STRATEGY ASSESSMENT MODEL

The strategy assessment model is used in characterizing the effective-
ness of various vehicular control measures. A measure can be defined
(in the médel) in terms of: 1) the percentage drops of emission rates in
each source category, 2) a change in average speed for light and/or
heavy duty vehicles, 3) a VMT multiplying factor, 4) and the new average
distances between the sources and the receptor.

These parameters are used to compute total vehicular emission rates
which enter into the air quality calculations.

The percentage emissions drops are applied directly to the total
vehicular emission rates. Inspection/Maintenance as an example affects
only the average emission rates and thus can be defined with percentage

drops, 12 for HC, 10 for CO, and 0 for NO_, with no change in the VMT

x,
multiplying factor, speeds or average distances.
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The average speeds are used to determine the multiplying factor,
Si, in equation G-3. As speed increases, Si decreases in a monotonic
but nonlinear fashion, but has no effect on either NOy emissions or
post 1974 vehicles. This parameter, along with the VMT multiplying factor,
allows the analysis of road improvement and traffic control measures.

The VMT multiplying factor affects all gasoline powered vehicular
emission rates in a similar manner. Using a value of 0.5 means half the
base year mileage can be eliminated by this strategy, resulting in a 50%
drop in mobile source emission rates. The VMT factor can also be used
to quantify unusual changes in growth patterns.

Distance changes influence the location factors instead of the
emission rates themselves. Therefore, a strategy which changes only
distance from source to receptor (such as removing all cars from the
central business district) will affect only the Modified Roll-back
results. In general, moving a source away from the receptor will
decrease the pollutant concentration an amount depending on the per-
centage emissions contributed by that source and the atmospheric stability

class. Experience has indicated that the Modified Rol1-back model will
yield Tower estimates of pollutant concentrations then the simple method
when the following conditions exist: 1) Mobile sources located closer
then stationary, 2) Mobile sources constitute a large component of the
total, and 3) Measures applied to mobile sources resulting significant
reduction.

Combinatjon strategies can be considered by the model by combining
the percentages of separate measures. In general, the analysis of
measure interactions is made by the user and the total percentage emission

reductions are inputted into the model.
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APPENDIX H
GAS RATIONING DURING WORLD WAR II

Chronology

April 1941 The Office of Price Administration (OPA) is formed
under the War Production Board to curtail inflation
and administer the distribution of essential goods
which had become scarce due to the war.

March 1942 Trial gas rationing on East Coast begins. It's due
to regional shortage caused by Nazi U-boars sinking
American tankers in the Atlantic.

July 1, 1942 Official East Coast gas rationing begins.

December 1, 1942 Official gas rationing extended to all states. How-
ever, reason is to conserve the rubber consumption
by 1imiting tire wear. The Japanese had captured 90%
of the rubber exporting countries.

December 1943 By this time, gas rationing throughout the United
States was based on scarcity of gasoline. Tire wear
became a secondary concern.

September 1945 With the end of the war with Japan, gasoline rationing
ended.

Administration

Like all of the rationing systems during World War II, the rationing
of gasoline was controlled by a system of coupon books. There were two
types of ration books: highway types, intended for automobiles, motor-
cycles, etc., and non-highway types for motorboats, farm machinery,
enginers, etc.

Five classes of ration books existed for the highway types. Book
"A" was the basic rationing book for passenger cars, as Book "B" was
the basic rationing book for motorcycles. If a registered .car owner
could substantially illustrate that he regularly carried three or more

persons in connection with his occupation, or that his ride-sharing plan
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was infeasible but that alternative transportation was inadequate, he
could obtain supplementary rations according to his need. These would
be supplied by Book "B". Ration Book "C," affording mileage greater
than that of "B," was for passenger automobile drivers whose driving
needs were considered most essential to the war effort. Finally, there
were two books ("T-1" and "T-2") for certain commercial operations con-
sidered essential to the maintenance of the domestic economy (e.g.,
trucks, buses, taxis, ambulances, military vehicles, etc.). (OPA Plan
for Mileage Rationing Instructions to administrators, November, 1942.)

Each coupon was worth a certain amount of gasoline which varied
between 2 and 5 gallons throughout the war. Every quarter the Director
of Petroleum decided the value of the coupons, usually allowing from 380
to 470 miles of travel per month. Book "A" contained four pages of
seven coupons per page. Coupons on each page were numbered successively.
Each page was valid for a certain period of time (two or three months)
and thereafter became invalid. If a person hadn't used up his coupons
for a specified period, he could never use them.

Ration Book "B" (supplement to "A") had 16 coupons intended for three
months' use. If the mileage need of the holder was less, the period of
use was extended. Book "C" contained 64 coupons, good for a period of
three months, "T-1" contained 96 coupons and "T-2" contained 384 coupons
worth five gallons each. The "D" coupon books contained 32 coupons, but
the value of each coupon was less than that for autos.

The Director of OPA was responsible for nationwide distribution of

gasoline ration books. Actual distribution was done by Registrars and
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Local War Price and Rationing Board. REgistrars were only responsible
for issuing basic ration books for cars and motorcycles ("B" and "D").
A11 exceptions were handled by the Local War Rationing Boards.

In order to obtain a basic gas rationing book, two forms had to be
filled out -- one for the coupon book and one for checking tire wear.
Another form, OPA R-535, had to be filled out if the applicant desired
supplemental rations. The coupons were issued upon receipt of a com-
plete form with the applicant's signature and a valid motor vehicle regis:
tration with the applicant's name on it. In order to obtain supplemental
rations, individuals had to somehow show their need. This "proof" was
was not standardized, and was quite often based on the honor system.

Basic ration books were distributed initially throughout the U. S.
during three days (November 9, 10, and 11, 1942). Other ration books
were distributed for the rest of the month by the Local War Price and
Rationing Boards.

Records of the number of each coupons issued was kept by the Regis-
trars and Boards. These "Inventory Record Forms" were then sent to the
State Director of the OPA. He, in turn, sent a summary report to the
OPA.

These records were compiled for comparison to the number of coupons
actually used, and the amount of gasoline distributed. The coupons were
passed from the car owner to the dealer to the intermediate distributor
to the licensed distributor. The licensed distributor was not required
to exchange such coupons to secure replenishment of their supplies.
Instead they transmitted all of the coupons they received from the inter-

mediate distributors and dealers along with their State tax form.
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Another check on the rationing system was accomplished by requiring
gasoline dealers and intermediate distributors to register pertinent
information with their War Price and Rationing Boards. They indicated
on appropriate forms the capacity of their storage tanks and the amount
of gasoline at hand at the time of registration.

As the war progressed, the administration and issuance was somewhat
simplified. First, the application and renewal forms were shortened and
simplified. Then, provisions were made for renewal and other board
transactions by mail, thus saving time and travel. Also, the ration

banking system was applied to gasoline rationing (OPA, Fourth Report of

the 0ffice of Price Administration).

Effectiveness of Program in Reducing Car Mileage

By January 1, 1943, 25 million passenger cars were having their gas
intake rationed. Of these autos, 25.4% (6,370,000) were on "B" rations,
and 14.3% (3,590,000) were on "C" rations. Thus, over half of the
civilians were on "A" rations, or the most limited category. The Office
of Price Administration estimated the average mileage per car to have
been 5,150 miles, which was one-half of the pre-rationing average mileage.
The sale of gas dropped 40% from December 1, 1942 to January 1, 1943

in states west of the Alleghenies. (OPA, Fourth Report of the Office of

Price Administration.)

During 1943, daily nationwide driving was reduced by 255 million
miles or 32.6% from total mileage in 1941. On a local level the average

mileage reduction was 26%.



Public Reaction to Gas Rationing

Overall the public saw gas rationing as a necessary burden borne for
the war effort. President Roosevelt's message on an OPA explanatory
pamphlet in August 1942 read as follows:

“We are now in this war. We are all in it -- all the way.

Every single man, woman and child is a partner in the most

tremendous undertaking of our American history. Ahead there

lies sacrifice for all of us.

But it is not correct to use that word. The United States

does not consider it a sacrifice to do all one can, to give

one's best to our nation, when the nation is fighting for its

existence and its future life."

However, when extension of gasoline rationing from the East Coast
to the West was considered in Congress "it was greeted with considerable

misgiving and opposition in the areas affected." (OPA, Fourth Report of

the Office of Price Administration) "Californians feared rationing would

mean a traffic holocust especially in spread-out Los Angeles; they freely
used words 1ike "panic, riot" to describe their fears of what rationing
might bring." (Time, December 30, 1942)

On a more individual basis, people were confused and bitter because
the distribution didn't seem fair. '"Many who accepted the "A" cards
because they did not have to use their cars for business were bitter
when they found that some of their neighbors, who could equally well
switch to other forms of transportation, had asked for and received "B"
or even "X" cards." (The Nation, March 23, 1942)

Problems with Administration and Enforcement

A lot of the administrative problems were ironed out during 1943.
But before this time, there were two main problems with administration.

First, standards weren't specific enough to actually carry out the fair
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division of supplies. Proof of need was not required; gasoline rationing
was basically on the honor system. Also, procedures for obtaining ration
books were time-consuming, confusing and impersonal.

Enforcement problems stemmed from an incomplete system of enforcing
proper use of coupons. Each car had a window sticker indicating the type
of ration book available to the owner. However, if the owner had obtained
extra coupons through the black market these were accepted at many service
stations. After five months of rationing on the East Coast, OPA investi-
gators found that 70% of the 500 gas stations in these states were vio-
lating gas rationing rules, and distributing more gasoline than they
should have. Besides misuse of valid coupons, there was quite a problem

to halt.distribution of counterfeit coupons. (OPA, First Quarterly Report)
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