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INTRODUCTION

The material in this Volume expands on selected topics discussed in Volume L
It is intended to provide greater depth on the more important issues covered in
Volume I and to introduce related topies considered to be of secondary interest

in the main Volume.

Four appendices are contained in this Volume and correspond in sequence
to Chapters II through V. The Glossary and Bibliography are identical to those presented
in Volume I. Appendix A contains material on cost-allocation methods drawn largely
from the 1982 Federal Highway Administration, Final Report on the Federal Cost

Alloeation Study (Appendices D and E). Appendix B provides an extensive survey

of recent State cost-allocation study findings, recent changes in user charge rates,

more discussion on revenue attribution methods, and an elaboration of reciprocity

and proration agreements. Appendix C is a more in-depth treatment of economie

impact analysis methods for analyzing changes in user charges and contains the

analysis of truck size and weight limits. Finally, Appendix D contains data sources

and data values from recent FHWA work thought to be potentially useful to cost-allocation
analysts.

This set of appendices is not intended to be an independent treatment of
the topics presented earlier, rather it provides supporting material on the previous
chapters for the interested reader. Thus, the individual appendices will not treat
those topics covered in their corresponding Volume I chapters where it is felt that
sufficient details and references had been provided earlier.

The Guide was developed to assist States in the cost-allocation process.
Its contents derive largely from recent State and Federal experience. In its preparation
an Advisory Panel from AASHTO's Standing Committee on Planning (SCOP) provided
extensive and continuous review, appraisal and suggested direction. Members of
the U.S. Department of Transportation (DOT), both the Federal Highway Administration
(FHWA) and Transportation Systems Center (TSC), participated in the writing of
this Guide. The AASHTO panel and the DOT participants are listed on the next
two pages.
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APPENDIX A

HIGHWAY COST ALLOCATION METHODS

1982 FEDERAL HIGHWAY COST ALLOCATION METHODS*

This appendix explains in more detail the cost assignment methods alluded
to in Chapter IL. The general approach is to divide aggregate expenditures into
a number of expenditure category cells, and to apportion each of these cells based
on the proportional vehicle class assignments of a number of representative design
sections. Pavement costs are divided, for example, into the categories of new flexible,
new rigid, rehabilitated flexible, and rehabilitated rigid pavements. Expenditures
in each of these four categories are further divided into 50 parts: one for each
of the five urban and five rural highway classes in each of five regions of the country.
In each of these expenditure cells between 16 and 80 typical pavement sections

are analyzed. The vehicle classes' cost responsibilities are individually determined
on each section and then aggregated to determine the overall cost assignment of
the cell.

NEW PAVEMENT COSTS

New Pavement Thickness

The 1972 AASHO Interim Guide nomographs and design equations are followed

as closely as possible to determine pavement thicknesses for each of a combination
of hypothetical design loadings and other design parameters. For cost allocation
purposes, far more accuracy is required than can be achieved from the use of the
nomographs directly, since it is very small differences in thicknesses that determine

cost responsibilities.

*
2/ This appendix draws heavily upon Appendix D of the Final Report on the

Federal Highway Cost Allocation Study, May 1982.
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The need for accuracy poses no problems in the case of flexible pavements,
since the nomographs (pages 19 and 20 of the AASHO Guide) are described directly
by a design equation (Equation C-12, page 58 of the AASHO Guide). In the case
of rigid pavements, however, the design equation (Equation D-15, page 103) gives
different results than the nomographs (pages 25 and 26). Since the nomographs
more closely correlate with pavement thickness design practice, new coefficients

are necessary in the design equation to accurately describe the design nomographs.

Each of the equations, when solved iteratively, finds pavement thickness
(slab thickness for rigid, structural number for flexible) as a function of anticipated
ESAL loadings, terminal serviceability, and soil strength. Although the rigid pavement
equation also included elastic modulus and strength parameters, the default values
are deemed to be sufficiently representative and non-systematically variable to
allow their direet use. All other design parameters have been varied within normal
ranges to ensure that possible variations in cost responsibilities are revealed. The

variations in each of these parameters are described below.

The form of the equation used for flexible pavements, derived directly from

page 58, is:

W, = 102(SN+1)

9.36
t18 /R

where
Z = Gt/BIS + .3728i -1.316

ths: Total number of 18-kip equivalent single axle loads
SN: Structural number of pavement
Gt: A function of pavement condition at end of design life

818: A function of pavement strength

Si: Soil support value
R: A regional factor that accounts for climatic variables.
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For rigid pavements, the nomograph-based coefficients and default values
for concrete strength modify the equation of page 103 to be:

W... =10 Y(D+1) 8-98(D*"° - 1.132)/(D*7° - .2069K"25))1-2014P

t18
where

Y= Gt/B18 - 0.2212

D: Thickness of slab (inches)

k: modulus of subgrade reaction (LBS/IN3)

P ¢ Terminal pavement serviceability

THICKNESS DESIGN PARAMETERS

Traffic Loadings—Within each expenditure cell, the estimated annual vehicle

miles traveled (VMT) by each of 38 vehicle classes in the base year are divided
by the system mileage and days per year to derive average daily traffic (ADT) levels

of each vehicle class on the typical section in the cell.

Axle loading distributions are applied to the ADT to derive the number of
average daily axle loads of each of 50 axle weight categories of each axle type
(single or tandem) within each vehicle class. Estimated growth factors are applied
to this matrix of axle-weight distributions to derive a similar matrix for 1985 as
well as the anticipated 20-year design period averages of total axle loads of each

weight growth for all vehicle classes for both the base and future years.

If average traffic were used for all pavement sections, the resulting cost
assignment would not be equivalent to the assignment resulting from varying the
traffic on several sections and averaging the results. This is particularly true in
the case of the minimum pavement approach, in which assignments might be zero

for average traffic on some highway classes.
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Another error that would result from using average traffic levels is that expenditures
are made disproportionately on highway sections with higher traffic. Use of average

traffic would tend to result in thinner average pavement designs than are actually

built.

To account for the nonlinearity of traffic effects, a series of four traffic
levels are chosen for each highway type in each region to represent equal expenditure
subgroups. The choice of these levels is made based on truck ADT distributions
on existing highway sections, since of all the readily available data truck ADT is
the predominant determinant of required pavement thickness. The traffic levels
are expressed as ratios of design traffic to average traffic, specific to each geographic
region and highway type. In each case, all traffic is multiplied by the same factor
since there is insufficient traffie inventory information to justify varying the vehicle

class mix among the design sections.

Traffie information for pavement design for each highway type and region
in this study thus consists of: (1) average daily traffic for each vehicle class, (2)
distribution of the axle loads and types in each vehicle class, and (3) a set of traffic

multipliers to equally scale each class's average traffic to appropriate typical values.

Projected Traffic Changes—Although the distribution of axle loads within

each of the 38 study vehicle classes is expected to remain constant in future years,
there will be different bases of growth or decline in travel by each class. Thus,
the overall distribution of axle weights will change during the typical pavement

design period.

In each case for design of new pavement, the actual anticipated axle loadings
are used only to determine projected cumulative ESAL loadings. The 1977 or 1985
traffic distributions are used to assign costs among vehicle elasses. Thus, a large

number of 30-kip tandem axle loadings in, for example, the 15th year of a pavement's
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life would add thickness to a pavement design but would not cause costs to be assigned
disproportionately to vehicle classes with current year 30-kip tandems. If costs

were distributed based on the 20-year axle loadings of a vehicle class, existing
vehieles would be over or undercharged depending on whether travel by other vehicles

in their class is expected to grow or decline.

ESAL Values—Required pavement thickness is a funetion of the number of
axle loads of each magnitude that will traverse the pavement. Since magnitudes
of the axles vary, it is necessary to transform the relative effect of each axle to
a common metric. Here, as traditionally, the standard axle is chosen as the 18-kip
single axle. Other axles' expected pavement serviceability consumptions are expressed
in terms of the number of 18-kip single axle applications that would cause equivalent
consumption. The term "ESAL" is used here to express this relative consumption

by a particular axle.

For flexible pavements, equation C-16, page 60 of the AASHO Guide, produces
the following equation used in the study:
ESAL = 10"(L, + L,)/19)+"9/1, %33
where

W=G,/B_-G,/B

t'718

: Axle load (thousands of pounds)

Dummy variable: 1 for single axles, 2 for tandems
Function of pavement serviceability

: Function of axle weight and pavement strength

: Function of pavement strength

For rigid pavements, equation D-19 (page 104) is used in the following form:

ESAL = 10W((LX + Lz)/19)4'62/L23’23



As indicated in the equations, the ESAL value of a given axle is not constant,
but varies somewhat depending on the pavement strength and pavement condition.
For a pavement of given strength, however, an axle's ESAL value given by the above
equations expresses the relative consumption of pavement serviceability by that
axle to a point of given pavement condition. This is true as long as the distribution
of axle weights is constant over the pavement's life. An axle has less effect in
the early life of a pavement than in the later life, so that the ESAL value understates
the overall relative effect of those axles which are expected to increase their proportional

frequency over the life of the pavement.

Terminal PSI's and Soil Descriptors—These parameters are varied to simulate

the range of values expected to be found on each functional highway class in a particular
geographic region. Three representative values of terminal PSI (Pavement Serviceability
Index) are used for each expenditure ecell: PSI's of 2.4, 2.7, and 3.0 for Interstate

highways and 2.2, 2.4, and 2.6 for other highways.

Sets of three soil support values for flexible pavements and three subgrade

moduli for rigid pavements are specified for each geographic region. Values selected

range from soil support values of 2.2 to 5.8 and subgrade moduli of 80 to 390 (LBS/INB).

ASSIGNMENT METHODS FOR NEW PAVEMENT THICKNESS COSTS

Minimum Pavement Thickness Method—As discussed in Chapter II, this method,

which is recommended, consists of hypothetically removing traffic uniformly across
vehicle classes until further removal would not reduce pavement thickness requirements.
In this study, the minimum layer and slab thicknesses used are taken from the AASHO
Guide. The minimum layer thicknesses for flexible pavements are: surface course,

2 inches; base course, 4 inches; and subbase course, 4 inches. Using standard values

for each course, this is equivalent to a structural number of 2.08. For rigid pavements,

a minimum slab thickness of 6 inches is used.
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The portion of thickness that is greater than the minimum pavement thickness
is assigned to all vehicles based on their contribution to the need for that thickness.
As can be seen from the design equations shown earlier, for any given pavement
thickness and design terminal PSI, this proportional thickness responsibility is determined
by each vehicle's ESAL value.

To apply the procedure for each expenditure cell, the following steps are

taken:

(1) One of each of the four traffic levels, three terminal PSI's, and three
soil values cited above is specified.

(2) The traffic matrix is converted into corresponding ESAL values for
an assumed middle-range pavement thickness.

(3) Pavement thicknesses are iteratively substituted into the design equation
until there is a close match between served ESAL's and anticipated
ESAL's.

(4) ESAL values are found which correspond to the new pavement thickness.

(5) Steps 3 and 4 are repeated until successive pavement thicknesses are
very close together,

(6) Costs of the extra thickness are proportioned to each vehicle class based
on that class's share of total ESAL's.

(7) Steps 1 through 6 are repeated for each of the other 35 pavement sections
in the expenditure cell.

(8) The mean of the 36 proportional distributions is computed and used
as the proportional pavement thickness cost responsibility distribution
for the expenditure cell

The process is then repeated for each of the 99 other new pavement expenditure
cells. Results of this process are expressed as a set of thickness-responsibility
shares for each vehicle class for each expenditure cell. The share of pavement
thickness that is in excess of the minimum requirement is found to vary from zero
percent (for many low volume road types, especially for rigid pavements) to 61 percent
(for both rigid and flexible pavements on urban freeways in the western coastal

region).
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Updated Incremental Methods—Two variations of the updated incremental

method, neither of which are recommended, are applied here: one with 15 increments
and one with 6. The 6-increment application uses single-axle lower boundaries

of 20, 16, 12, 7, 3, and 0 kips (as in the 1961-1965 study), while the 15-increment
application lower boundaries are 26, 23, 20, 17, 14, 12, 10, 8, 6, 4, 3, 2, 1.2, 0.6,

and 0 kips.

Weight-Added (Traditional) Incremental Method—As with the updated incremental

approach, this method is not recommended but is presented for comparisons. Six

increments are used, with identical inerement boundaries to the 6-step updated

approach.

The effect of this upward rounding is most pronounced in the lighter increments.
Little justification can be made for upward-rounding of axle weights (or the use

of only six inerements) in light of modern data processing techniques.
New Pavement Width

As mentioned in Chapter II, the costs of pavement width beyond the minimum
necessary for the narrowest vehicles are assigned to wider vehicles by an incremental
process similar to that used in the incremental approach for pavement thickness.

The process is as follows:
(1) Determine the typical required pavement widths as a function of vehicle
width. This was done in this study by a consultant, Jack E. Leisch and
Associates.-l—/ Figure A-1 includes these findings from the Leisch report

and summarizes the effect of width on lane and shoulder width.



Figure A-1
Required Lane and Shoulder Width as a Function
of Vehicle Width

Required Required
Lane Width Shoulder Width
Highway Class (Feet) (Feet)

Rural freeway 6.5 +0.75w 4 +w

(maximum 12)
Rural principal arterial ‘ 6.5+0.75w 4+075w
Rursa!l minor arterial 65+0.75w 2+0.5w
Rural collectors 6.5+0.75w 4
Urban freeeway 65+0.75w 4+w
Urban principal arterial 7.95+0475w 0 eee--
Urban minor arterial 69+06w  e----
Urban collector 69+06w = cea-e



(2) Convert width relationships to cost savings relationships. This is done
by using relative unit costs by shoulders and lanesz/i/ and by estimating
the relative share of cost savings to be proportional to width savings.
Cost savings for the minimum width vehicle (a 2.5 foot wide motoreyele)
range from 19 percent on rural collectors to 35 percent on rural primary
arterials. Cost savings for a 5-foot wide subcompact vary from 6 percent
to 18 percent.

(3) Divide the vehicle population into width inecrements. The incremental
lower boundaries used in this study are (in feet) 7.8, 7.33, 7.1, 6.8, 6.3,
5.8, 5.0, 2.5, 2.2, and 0, respectively. Manufacturers' and registration
data are used to distribute each vehicle class's mileage across the width
increments, with the implieit assumption that mileage per vehicle in
each vehicle class is independent of width. For 28 of the 38 vehicle
classes (buses and all but the lightest trucks), all vehicles are in the
widest increment.

(4) For each width increment, apportion the incremental share of width
costs to each vehiele within the width increment by its proportional
share of pavement thickness costs. Suppose, for example, that the pavement
thickness attribution process deseribed in the previous section assigns
40 percent of thickness in a certain expenditure cell by ESAL's. Then
each width inecrement would have 40 percent of its costs assigned by
ESAL's, but the 40 percent is assigned only to vehicles within the width
inerement. The first increment's costs are assigned only to those trucks
over 7.8 feet wide, for example, while the 7th; 8th, and 9th inecrements'
shares are assigned to all vehicles except some or all motoreyeles.

The 10th increment, or basic width roadway, is assigned to all vehicles.

*

z/ The authors recommend shoulder unit costs equal to lanes for Interstate and
primary arterial pavements, 80 percent of lane costs for minor arterials, and 65 percent
of lane costs for collectors.
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The assignment of pavement width costs completes new pavement cost assignments
by the incremental method since total thickness costs within each width increment
are assigned to individual axles and hence to specific vehicle classes. The recommended
approach, however, has only the extra-strength portion of thickness so assigned.
The basic-strength portion is assigned to groups of vehicles based on their widths

but not to individual vehicles or vehicle classes.

Overall Assignment of New Pavement Costs

Consideration of how new pavement costs vary with the width, axle weights,
and number of passages of the vehicles using the pavement partially completes
the assignment of new pavement costs to vehicle classes. In the recommended
approach, however, the costs of the minimum thickness pavement have been divided
into 10 groups based on width requirements but have not been assigned to the vehicle

classes comprising those groups. For this purpose, the residual allocator is used.

As discussed in Chapter II, the residual allocator used here is VMT, although other

use measures could be just as appropriate.

Use of the residual allocator for within-group costs means that each group's
costs are assigned to the vehicle classes represented in the group based on the proportion
of use by each eclass within that group. If, for example, VMT is used as the use
measure and if 3S-2's over 75 kips have 12 percent of the travel by all vehicles
over 7.8 feet on rigid pavements on Interstate highways in the northeast, then that
vehicle class is assigned 12 percent of the minimum-thickness, first-width-increment
portion of costs of that expenditure cell. Costs that go to all vehicles are the minimum-
width, minimum-thickness costs (designated in this study as residual costs). In this

study, these "basic roadway" costs amounted to 35 percent of new pavement costs.
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COMPARISON OF NEW PAVEMENT COST ASSIGNMENTS

Figure A-2 compares four methods of assigning new pavement costs. The
same methods of assigning width costs, within-group costs, and residual costs are
used for all four methods, with only the approach used to assign pavement thickness
costs varying. The 38 vehicle classes used in analysis have been reduced to 12 for

display.

As shown in the figure, the recommended approach assigns heavy trucks
more new pavement costs than any of the incremental approaches. The updated
15-step approach assigns approximately the same share to automobiles, but 35 percent
less share to the heaviest combinations, 18 percent less to combinations overall,
and 47 percent more to pickups and vans. Buses, all single unit trucks, and combinations

up to 70 kips are assigned more by the updated incremental method.

The traditional 6-step incremental approach assigns 25 percent more costs
to small autos than does the updated 15-step incremental, but 10 percent less to
trucks as a whole, combinations as a whole, and the heaviest combinations. The
larger the groupings, the more the characteristies of the lightest and heaviest vehicles

are obscured.

Figure A-3 compares the overall assignments that result if only the new

pavement assignment methods are varied.
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Figure A-2
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Figure A-3
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REHABILITATED PAVEMENT COSTS
Pavement Deterioration Costs

The primary determinant of the amount of costs incurred for pavement rehabilitation
is the rate of deterioration. To the extent that vehicles cause this deterioration,
the costs are assigned to them. As discussed in Chapter II, a series of distress models
has been developed by a consultant§-/ to express each of the major pavement distresses
as a function of traffic and other variables. The relative importance of each of
these distresses is assessed by estimating the magnitudes of each at the time of
rehabilitation and weighting these magnitudes by appropriate factors that simulate

each distress's role in the decision to rehabilitate.

Rigid and flexible pavements are subject to different distresses and are modelled
separately. Rigid pavements are further divided into jointed plain, jointed reinforced,
and continuously reinforced concrete pavements. The last of the three was not
modelled in this study. The same distresses were considered for both plain and

reinforced rigid pavements, although the models vary.

Both rigid and flexible pavements were modelled with respect to loss of
skid resistance and general loss of serviceability (as measured by the Pavement
Serviceability Index or "PSI"). Serviceability is to some extent a combining of the
other important distresses but includes additional distresses that were not modelled
here. Despite the apparent doublecounting of, for example, rutting (when it is given
importance both on its own and as a component of PSI loss), such implicit dual consideration
is a typiecal part of the rehabilitation decision and is, therefore, emulated.
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The important flexible pavement distresses include:

(1) loss of serviceability

(2) alligator cracking

(3) rutting

(4) transverse cracking

(5) loss of skid resistance
Each of these is related to traffic. Loss of serviceability also includes such loss
when it is due to expansive elay subgrades, and this loss was modelled separately
and found to be independent of traffic. Similarly, transverse cracking includes

thermal ceracking which was also found to be independent of traffic.

The important rigid pavement distresses include:
(1) loss of serviceability

(2) faulting

(3) pumping

(4) loss of skid resistance

(5) joint deterioration

(6) cracking

(7)  depression and swell.

The first six are functions of traffic while the last one is not.
FLEXIBLE PAVEMENT DISTRESS MODELS
The models for these distresses are based on both empirical data and the

VESYS Model. The general form of the equation is:
D = (T/wW)P
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Where "D" is the normalized magnitude of the distress, "T" is the accumulated traffic
that has traveled on the pavement, "W" is the amount of traffic needed to cause
a defined level of deterioration, and "B" expresses the shape of the deterioration

curve,

Distress magnitude is expressed as a normalized variable, with a value of
zero at its threshold of occurrence and a value of one at its point of maximum importance
(that is, the point at which a greater magnitude of distress would no longer affect
the decision to rehabilitate). This is analogous to the AASHO Road Test Model
which uses an assumed initial PSI of 4.2 (distress equals zero) and a specified terminal
PSI, typically 2.5 or 2.0 (distress equals one). In this form, distress magnitude can
directly multiply the maximum point loss allowed for a given distress in a numerical

pavement weighting system.

Traffie is measured by equivalent axle loads (analogous to but not identical
to the 18-kip ESAL's used in the road test model). The equivalence of one axle
load to another varies considerably from one distress to another. For most of the
distresses, the equivalence of an axle of given weight and type varies as a function
of pavement strength, asphalt layer thickness, subgrade stiffness and climate.
In general, the equivalence variability for a given axle is greater in these distress
models than are ESAL variations in the road test model (which, after all, was developed

based on data from a single climate and limited range of soils).

The maximum level of traffie, W, and the deterioration curve shape factdr,
B, are also functions of pavement, soils and climatie characteristiecs. A numerieal
comparison of the flexible pavement distress models used in this study with the
road test model is most useful after averaging the results for a large number of
typical sections, since the variation in predicted distress is substantial. The comparisons
below use the entire set of pavement sections considered in this study, weighted

by their relative incidences.
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Loss of Serviceability—Although not a distress, but rather a measurement

of the effect of all distresses, pavement serviceability is typically treated independently
by pavement rating systems. According to this study's analysis, serviceability loss

is responsible for 44 percent of the decision to rehabilitate.

Traffic's contribution to serviceability loss is modeled separately from that
of expansive clay's. Although on some pavement sections PSI loss due to expansive
clays is a major determinant of rehabilitation need, expansive clay subgrades are
responsible for only a small share of PSI loss overall. In fact, loss of PSI due to

expansive clay amounts to only 4 percent of the overall decision to rehabilitate.

The model of PSI loss that is due to traffic produces very similar results
to the road test model. In order to directly compare the various models, regression
analvses were made between axle loads and weighted average equivalencies to the
standard 18-kip single axle. The resulting equations describe very closely the equivalence
function for weighted average pavement design, soil, and climatie conditions. Using
these equations for anything but comparative purposes is not recommended since
there is considerable variation in the newly-derived equivalency function depending

on these other factors and minor variation in the road test equivalency function.

For the anticipated nationwide distribution of Federal-interest pavement
rehabilitations in 1985, the serviceability-loss equivalence function is:

_ g4:37

E for single axles)

= (R/1.94)4'99 (for tandem axles)
Where R is the ratio of the weight of the axle of interest tc any reference single
axle and E is the equivalent effect of the axle of interest with respect to the reference

axle.
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For comparison, an analagous regression was made across the typical pavement
sections that would be used if the road test model were used to measure serviceability
loss. The resulting funetion is:

E = R3-86 (for single axles)

= (R/1.86)%?8 (for tandem axles)
The exponent in this expression is somewhat lower than in the more complicated
road test equation—‘y for two reasons: (1) axle weights are used directly instead
of after the addition of a constant, and (2) deleted terms are also funetions of axle

weights and effectively temper the primary function.

Alligator Cracking--This distress accounts for 28 percent of the decision

to rehabilitate. The equivalence funection is:
E = r1.30 (single axles)

= (R/2.89)1'45 (tandem axles)
Alligator cracking, therefore, is much less strongly related to axle load magnitude
than is PSI loss. Tandem axles in particular are responsible for proportionally less
deterioration.

Rutting—Rutting accounts for 11 percent of the decision to rehabilitate
and is nearly as strongly related to load magnitude as is loss of PSI. The equivalence
function is:

E = p4-16 (single axles)

= (R/1.98)*83 (tandem axles)
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Transverse Cracking--Transverse cracking includes a load-related component

and a non-load component (thermal cracking). Their respective shares are 6 percent
and 3 percent of the decision to rehabilitate. The equivalence function for the

load-related component is:
E = Rl'73 (single axles)

= (R/l.53)l'92 (tandem axles)

Skid Resistance--Loss of skid resistance is an exception to the regression

form used for other flexible pavement distresses. Instead of raising axle loads to
an exponent, a better fit was achieved by considering the number of tires passing
over a pavement. Thus, a single axle with dual tires (4 tires total) has twice the

effect on loss of skid resistance as does a 2-tire axle. A tandem axle (8 tires) has

4 times the effect.

0 Skid resistance is responsible for 8 percent of the decision to rehabilitate.

RIGID PAVEMENT DISTRESS MODELS

The models for these distresses are based on empirical data. The general form
of the equation is the same as for flexible pavements, as is the distress variable.
Equivalence among axle loads is calculated somewhat differently, however. Axles
are compared by applying appropriate exponents to the road test 18-kip ESAL's
rather than to the weight of the axle.

As with flexible pavements, the effective axle-load equivalence exponent
varies considerably from one distress to another, and even for a given distress. The
shape factor, traffic to failure, and equivalence exponents all vary depending on

pavement, soil, and climatic characteristics.
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Loss of Serviceability—As with flexible pavements, this factor is responsible

for the largest share of the decision to rehabilitate—40 pereent. Loss of PSI is
entirely load-related. The equivalence function is;

E=R317 (single axles)

= (R/1.58)3'91 (tandem axles)
An analagous regression for a road-test-based cost assignment yields:
E = R3-32

(single axles)

= (R/1.61)4'31 (tandem axles)
As for flexible pavements, the exponents are lower in the regression equation than
in the design equation.é/ In this case, however, the newly-developed function is

somewhat lower than the road-test-based funection.

Faulting—This distress is load-related and accounts for 19 percent of the

decision to rehabilitate. The equivalence function is:
E = r0-67 (single axles)
= (R/1.41)0'98 (tandem axles)

Pumping—This distress accounts for 14 percent of the decision to rehabilitate.

The equivalence function is:
E = R0-83 (single axles)

= (R/1.29)1-%° (tandem axles)
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L oss of Skid Resistance--This distress accounts for only 3 percent of the

decision to rehabilitate. The equivalence function is:
£ -RrL74 (single axles)
= (R/l.6l)2°09 (tandem axles)

Joint Deterioration--This distress accounts for 21 percent of the decision to

rehabilitate. The equivalence function is:

E = 416 (single axles)

5.30

= (R/1.51) (tandem axles)

Cracking--This distress accounts for only 2 percent of the decision to

rehabilitate. The equivalence function is:

(single axles)

= (R/l.56)6'81 (tandem axles)

Depression and Swell--This distress accounts for only 1 percent of the decision

to rehabilitate and is not related to the number of loads or their magnitude.
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Overall Assignment of Rehabilitated Pavement Costs

As for new pavements, rehabilitated pavement cost responsibility is multidimensional.
The same width functions are used for rehabilitated pavements as were deseribed
earlier for new pavements. As with the recommended approach for new pavements,
a portion of rehabilitated pavement costs are assigned first to groups of vehicles
and then by the residual allocator (VMT in the recommended approach) to individual
vehicles. In this case, the residual portion is 5 percent.

Figure A-4 compares the recommended approach for rehabilitated pavements
with three other approaches. The same width functions and, when necessary, residual
allocators are used in each of the approaches. The second approach uses the AASHO
Road Test deterioration equations directly for cost assignment. The third approach
uses the equations for 70 percent of the cost of rehabilitation and eonsiders the
other 30 percent to be unrelated to load. The fourth approach uses the updated,
15-step incremental method. The first and third approaches are the most reasonable
and are the closest together in result. Figure A-5 compares overall cost assignments
if only the approach used to assign rehabilitated pavement costs is varied. The
recommended approach is used for all other cost categories in each case.

Using the road test equations directly probably overassigns costs to heavy
vehicles since it is implicitly assumed that all pavement costs are related to load
by the functions that were developed without considering non-load-related deterioration.
An estimate of 30 percent of these costs being not related to load causes costs
to be assigned very closely to the recommended approach.

Using the incremental approach is a total misapplication of a new pavement
approach that is even faulty for new pavements. The comparison is made to show
the magnitude of shifting of assigned costs toward light and middle-weight vehicles
if this assignment method were used.
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Figure A-4
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Figure A-5
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STRUCTURE COSTS

Bridge Strength Costs

Analysis of the cost of providing extra bridge strength follows a standard
incremental approach, similar to the study of 20 years ago. Detailed designs are
made for a sample of actual bridges, cost functions developed based on these designs,
and appropriate weighting factors applied to these cost functions to develop an
overall function for each expenditure cell. Each step of the process is described

below.
SELECTION OF SAMPLE BRIDGES

Twelve bridges were chosen for detailed design analysis. The first step in
the selection of these bridges involved identifying and categorizing all bridges built
on the Federal-aid Highway System in the 1976 to 1978 base period. Bridge types
are taken from the FHWA Bridge Inventoryg/ and include, for example, concrete

slab, steel continuous girder, prestress concrete tee beam, ete.

Bridges of each type were sorted by main span length and by highway class.
The sample was chosen to best cover the array. The less common bridges, such
as aluminum, timber, and masonry could not be represented in the sample. The
common bridge types that vary most in length were doubly represented so that

effect of span length could be considered.
After selecting the characteristies of each bridge in the sample, specific

bridges were chosen. Since detailed plans would have to be procurred from State

highway departments, bridges were chosen in as few States as possible while still
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maintaining a representative sample. The types of bridges and their main span
lengths are listed in Figure A-6. A more specific description can be found in a

consultant report.z/

Figure A-6
Bridges Used for Bridge Strength Cost Analysis

Type of Bridge: Main Span Length (feet):
Conecrete slab 36
Continuous slab 37
Concrete T-beam 38
Concrete girder 40
Prestess girder 73
Prestress continuous girder 77
Prestress box 70
Prestress box 125
Steel girder 80
Steel girder 120
Continuous steel girder 64
Continuous steel girder 125

COST FUNCTIONS FOR SAMPLE BRIDGES
The individual bridge cost functions were developed by a consultant using

a standard incremental approach. Weight is successively removed from the heaviest

vehicles until further weight reductions has no appreciable effect on bridge cost.
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In this study, bridges were designed for 72 kip and 54 kip combinations and
for 40, 30, 20, 10, and 5 kip single-unit vehicles. These 7 design vehicles correspond
respectively to HS20, HS15, H20, H15, H10, H5, and H2.5 design loadings. The

cost of each bridge design was estimated and formed the basis for the individual

bridge cost functions.

8/

The design process and results are reported in detail in the consultant report.—
Costs of the H2.5 bridge vary from 65 percent to 91 percent of the corresponding
HS20 bridge costs, with costs of longer spans generally being less affected by vehicle

weight reductions.
COST FUNCTIONS FOR EXPENDITURE CELLS

Within each geographic region and on each highway class, a variety of bridges
were built during the base year. The PR-37 reports discussed in Chapter IV document
dollars spent for each bridge type. Thus, a given expenditure cell cost function
can be derived by simply weighting each individual cost function by the dollars

spent in that expenditure cell on the corresponding types of bridges.

For rural Interstates in the northeast, for example, 4.6 percent of costs can
be saved by reducing the design vehicle to a 40 kip single unit; an additional 2.8 percent
can be saved by going to a 30 kip single-unit. Weight reductions to 20, 10, and 5 kips
produce additional incremental savings of 4.9 percent, 5.2 percent, and 3.2 percent.
Thus, a total of 20.7 percent of bridge costs could be saved by reducing maximum
design vehicles from a 72-kip combination to a 5-kip single vehicle. Weight reductions
below 5 kips have little effect on bridge costs since the dead weights of bridge

members, snow, ete., begin to be more significant below this point.
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ASSIGNMENT OF VEHICLES TO WEIGHT GROUPS

" Each of the vehicle classes used in this study consists of vehicles operating
at a wide distribution of vehicular weights. Rather than assuming that the maximum
gross weight of each class is representative of the elass, vehicles of each class
are distributed to each gross weight group based on the proportional amount of
travel at the corresponding operating weights.

Vehicles are grouped according to the bending moment that they create
on bridges of typical span. As was done in the Federal study of 20 years ago, combination
vehieles' gross weights are divided by a constant faetor (1.35) to convert them to
equivalent single-unit weights. For verification of this factor, an H20 bridge (40,000
pound single-unit loading) was designed to compare with the HS15 bridge (54,000
pound combination). In most cases, the costs of the two bridges are very close
together, but for three of the twelve sample bridges, the costs were over 2 percent
apart, with the H20 bridge costing more in each case. Thus, heavy single-units
are given the benefit of slightly lower assignments than would be made if it were
feasible to separately design for singles and combinations on each bridge. Even
then, a totally accurate assignment method would consider the moments produced
by differential axle spacings and would require individual analysis of each vehicle,
With fairly simple computer analysis it is easy to examine loadometer records for
the moments produced and the observed gross vehicle weights. At the State level
such an analysis is preferable. However, for the Federal study the choice of a single
factor seemed to be a reasonable and practical approach. Figure A-7 summarizes
the gross weights in each design increment.

A-29



Figure A-7

Vehicle Gross Weights Included in Each Bridge Design Increment

Lower Boundary for Lower Boundary for

Design Increment Single Units (pounds) Combinations (pounds)
HS20 40,000 54,000
HS15 30,000 40,500
H15 20,000 27,000
H10 10,000 13,500
H5 5,000 6,250
H2.5 0 0

Bridge Replacement and Repair Costs
0 Bridge repair costs are treated as entirely residual costs.

Costs of bridges that are built to replace existing bridges have a special set of
relationships to vehicle characteristics. Costs of bridges that are built because of
load-carrying deficiencies of existing bridges are partially incurred because larger-
than-capacity vehicles want to use the bridge. Costs of correcting inadequate lane
width are related to use by wider vehicles; costs of replacing bridges with fatigue-
worn members are related to some exponent of the moment produced by each
vehicle; costs of correcting inadequate overhead clearances are related to the
existence of high vehicles. Costs related to vehicle characteristics, such as these,

| are at least partially assignable based on these characteristics.
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COSTS ASSIGNED BY VEHICLE CHARACTERISTICS

Because of the lack of adequate knowledge of the relationships between
use and bridge wear, costs are not assigned in this study by any bridge deterioration
basis. Because of lack of clear relationships and because of little effect on cost
assignments, geometric deficiencies are not used in this study as a basis for cost
assignment. Instead, only load deficiencies are used to specially assign bridge replacement

costs.

Load deficiency costs are determined by prorating the cost of the replacement
bridge by the relative importance of load deficiency in the overall decision to replace
the bridge. The prorating is based on the straightforward caleulation of bridge
"sufficiency rating" scores with and without the load-carrying deficiency.g/ The
proportional loss in sufficiency caused by the inadequate load capacity of the bridge
is assigned to the group of all vehicles heavier than the eapacity.

A bridge with a sufficiency rating of 50 (out of a possible 100) has lost 50
points. If 10 of the lost points are due to the bridge having a capacity of 40,000
pounds, then vehicles above 40,000 pounds are given 20 percent of the cost. The
estimated costs in each load capacity category are added for all replacement bridges
in each expenditure cell and divided by the total estimated costs to develop the
set of special replacement bridge cost functions.

COMBINING STRENGTH AND DEFICIENCY CONSIDERATIONS

The special replacement bridge functions and the bridge strength functions
are simultaneously applied to replacement bridge costs in much the same manner
as are the width and strength functions for pavement, described earlier in this appendix.
In this case, however, the simultaneous application of the two funetions reduces

to a simple addition sinee the vehicle groupings for the two functions are identical.
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For example, the group of vehicles above 40,000 pounds (54,000 for combinations)
in a given expenditure cell might be assigned 2.5 percent of costs because of load-
carrying-capacity deficiencies and 4.8 percent of costs (based on incremental cost
assignment) because of bridge strength needs. In total, then, that group of vehicles
is assigned 4.8 percent plus 2.5 percent of the remaining 95.2 percent (100 percent
minus 4.8 percent), or 7.18 percent of replacement bridge costs before width is

considered.
Overall Assignment of Bridge Costs
BRIDGE WIDTH COSTS

Lane and shoulder width requirements for bridges are identical to those shown
in Figure A-1 for pavements. The process described for pavement width costs is
also used for new bridge width, except that bridge shoulder width has the same
unit cost as bridge lane width because there are no relative savings for bridge shoulders
as there are for pavement shoulders. Replacement bridge cost assignment follows
the same process except that the width increments are divided by the combined
strength-and-deficieney function described above. Width costs are not considered
for repaired bridges because no detailed breakdown is available to determine which

repair costs are width related and which are not.

An independent determination of the variation of cost with deck width was
made as part of the bridge incremental analysis.ﬂ/ The results showed that due
to the economies of scale in construction, the percent change in costs for the sample
bridges in relevant width ranges are from .75 to .88 of the percent reductions in
bridge width, A figure of .80 is used in this study: that is, a 20 percent reduction

in bridge width results in a 16 percent reduction in bridge cost.
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ASSIGNMENT WITHIN GROUPS

As for new and rehabilitated pavements, assighment among vehicles in each
assignment group is by a residual allocator used to weight the occeurence of each
vehicle within the group. In this study, VMT is ordinarily used as the residual allocator.

COMPARISON OF BRIDGE COST ASSIGNMENTS

The recommended bridge cost assignment method described in Chapter II
assigns new bridge costs by the incremental method with a basic bridge sufficient
for H2.5 loading, replacement bridge costs by a special replacement function combined

with the H2.5 ineremental approach, and repaired bridges entirely as residual costs.

Figure A-8 compares the assignments that would result if the basic bridge
strength were changed to H5 or H10 loadings instead of the recommended H2.5
loading. In all cases, the replacement bridge function is used, repaired bridges
are treated as residual costs, width is considered, and VMT is used as the residual

allocator.

As can be seen in the figure, increasing the strength of the basie bridge lessens
the differences in assigned costs between light and heavy vehicles, although not
drastically. Figure A-9 shows the effect that changing the basic bridge would have

on overall cost assignments.

Figure A-10 shows the effects of (1) not using the replacement bridge, and
(2) using the new bridge function for bridge repair. The former lowers the share
to the heaviest vehicles while the latter increases it. Figure A-11 shows the effect

this change would have on the overall cost assignment.
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Figure A-8
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Figure A-9
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Figure A-10
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Figure A-11
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GRADING COSTS

Steepness of Grade

If vehicles had more power and better stopping abilities, grades could be
steeper. Therefore, whenever natural grades of terrain are steeper than currently
allowable road grades, costs could be saved if the most slowly-climbing and descending
vehicles were removed from the traffic stream. These hypothetically saved costs

can be assigned to the hypothetically removed vehicles.

A consultant was hired to determine the costs that could be saved if vehicles
were better able to negotiate grades. Overall assignment functions for each functional
class were derived by considering the distribution of highway mileages in each type
of terrain (mountainous, rolling, and flat). The cost savings expected in each terrain
type were estimated by determining maximum grades as a function of weight-to-
power ratios, calculating proportional savings in earthwork that could be expected
in euch terrain type as a function of maximum allowable grade, and applying these
savings to the proportion of grading and drainage costs that involve earthwork.

The cost functions are not applied to grading costs on existing highways that are
incidental to projects such as safety improvements, ete.

11/

Earthwork cost is related to vehiele characteristics by the function:—
_ 1.45
C= 1-k((400 - Wp)/300) (for 100 ZWP 2400)

C = proportion of grading costs compared to those incurred for the most
demanding vehicles

k = a constant, varying from 0.105 for Interstate highways in rolling terrain
to 0.59 for collectors in mountainous terrain

w

pounds per horsepower of the design vehicle,
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Costs are assigned by this function to groups of vehicles in weight-to-power
increments with lower boundaries of 100, 150, 200, 250, 300, and 350 pounds-per-
horsepower.

Vehicles are placed in groups based on the proportional travel in a class by
vehicles operating in each weight-to-power range. Power distributions are obtained
from the Truck Inventory and Use Survey and applied to the operating weight distributions
used generally in this study.

Overall Assignment of Grading and Drainage costs
GRADING WIDTH AND WITHIN GROUP COSTS

Grading width functions are identical to bridge width functions: unit costs
are similar across the entire roadway width and cost reductions are assumed to

be 80 percent proportional to width reductions.

Allocation of costs to vehieles within width and steepness inecremental groups

is the same as for pavements and bridges.
ASSIGNMENT RESULTS
Figure A-12 compares nonincidental grading cost assignments that result

from using and not using the grade steepness assignment funetion. Figure A-13

shows the effect that the function has on overall cost assignments.
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Figure A-12

00°00T

ST E
yE°T
14 B §
go°t
1e°s
wey
60°¢C
eL?
(] Gl 3 §
8€0
80°0
s*°0
S9°0T
L Y]
13 2 &4
65°9¢€
TO°19

06°99

uoyjoung
sssudeslg apwis
buyen 30N

00°00T

8°9
99°y
80°¢
€9°1
61°91

82°2
80°¢
9c°s
1 I3 £
£€°0
L0°0
0r°0
98°12
€9°0
9€° 22
ST €€
15°SS
9r°8L
POYyIoN

Judwubyesy
PIpuUSwWEOoIIYy

SATOIYIA TV

8d1Y gL 19A0
sdyx 6L - oL
sdi1x oL - os
sd1x 05 39pupn
SUOTIVUTQEOD

sdix 97 19A0
sdyy 97 13pup
Itun atbuyg
syoniy
19430
K3yyoaajuy
sasng
suvp pue sdn-3d74
893194051030
1Tvug
¥baeq
sojny
SITOTYIA 13buoseey

18801D) ITOTY2A

(88RY) ITOTYIA youz 03 paubyssy €3so) buypers jo Ibwauaoidgd :gg6T)

ssoudsajg eprin Jo JuaIWubIesy 103 S8POYIIN JuUa18337d buysq

sjuldwubisey 3Iso) bujpein jo uosyiwvdwo)

A-40



Figure A-13
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ESTIMATION OF EFFICIENT HIGHWAY USER CHARGES*
INTRODUCTION AND SUMMARY

Concepts and estimated user charge responsibilities derived from the efficiency
approach may be of interest from two perspectives:
(1) The definition and measurement of avoidable costs as operationalized
under the efficiency criterion is one method for designing
"fair" user charges, and can be compared to other methods
for raising revenues with which to finance highway expenditures.
(2) Efficiency goes considerably beyond meeting the fairness
test, in that it also seeks to alter user behavior in ways
that make better use of scarce resources. It accomplishes
this through the incentives created by user charges that

are tied to the manner and amount of usage.

Although a large body of work has been directed at the various aspects of
highway usage and associated costs, the newness of the effort at synthesis makes
the results necessarily tentative. Economic efficiency has never been used as the
sole basis for a cost allocation study, but its principles have often been cited as
a fundamental goal of such studies, that is, more responsible use of the highway
system. The detail provided in this section is to allow the reader as thorough a
background in the subject as possible in the space allocated. The choice of study

approach or combinations of approaches must be left to the study leaders.

Instead of attempting to set down a definitive summary of the current state-

of-the-art, this report draws the argument and the evidence together in an abbreviated

%
2/ This Appendix is a modification and update of Appendix E to the Final Report
on the Federal Highway Cost Allocation Study, May 1982.
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form that emphasizes the critical assumptions and parameters in the results presented.
References are provided for obtaining more information about theory, methods,
and previous studies.

Criteria for Selecting Among User Charge Struectures

The standards against which to evaluate user charge instruments and rates
are fundamentally two: efficiency and equity.

Efficiency. Short run efficiency assumes a given set of capital facilities,
and seeks ways to secure the best possible utilization of those facilities. The theoretical
mechanism for this optimization is pricing, interpreting the concept of a price broadly
to include such factors as travel time and risk of accident, as well as user charges.
Highway user charges are the most direct means for achieving short run efficiency
with respect to the highway system.

Long run efficiency deals with finding the best program of investment in
fixed facilities, while also satisfying the short run efficiency criterion. Analytically,
the path to long run efficiency is followed by comparing the inecremental costs and
benefits of alternative projects, and investing (or disinvesting) in the appropriate
links of the highway network. Although user charges inevitably have an influence
on the actual pattern of investment and disinvestment, this report concentrates

on pricing the usage of existing facilities rather than on optimizing long run investment.

Equity. The concept of equity as formulated in the public finance field is
concerned with the distribution of costs and benefits among groups within society.
Tax equity, in this framework, is achieved by requiring payments in accordance
with either ability to pay or benefits received, neither of which may bear relationship
to costs occasioned. Although it is essential that the redistributional impacts of
alternative user charge schemes be thoroughly illuminated, and the imposition of
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equity constraints on efficieney solutions will be necessary both analytically and
politically, there is no hard and fast way to assert that some user charges are equitable
and others inequitable. Equity is inherently a matter of political choice. Technical
analysis can contribute to the political debate by formulating equity constraints

and displaying their eonsequences.

Most directly related to popular ideas of fairness is the notion of horizontal
equity, which says that equals should be treated equally. Regarding highways, vehicles
in equal circumstances — from the standpoint of the highway provider —should
be charged equally, although there may be instances in which price diserimination
between users is useful for achieving other efficiency and equity objectives. Another
equity concern is the effect of public policy on the poor, more formally represented
by the distribution of income among various groups, and whether a policy's impact
is progressive (tends to reduce income disparities) or regressive. This concept is
referred to as vertical equity. As a general rule, price manipulation (including
highway user charge adjustments) is not a very effective policy instrument for redistributing
income. Equity impacts of pricing policies need to be revealed, but equity, by itself,

is not a sufficient basis for user charge design.

The above formulation of the equity concept is not the one that has traditionally
guided highway cost allocation studies. Instead, the idea that vehicles should pay
for the costs they occasion is described as "equitable" in the Congressional mandate
for the Federal cost allocation study,—t/ and most state studies adhere to the same
rationale. For highway services, it certainly seems fair that users should pay for
the costs they occasion. It is more than simply equitable, however; asking users
to pay an amount equal to the costs they create ensures that the benefits perceived
by the users will be at least as great as the costs of their usage. The purpose of
such user charges would appear to be the encouragement of efficient resource

allocation.

Surface Transportation Assistance Act of 1978, Sec. 506 and 507.
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Although a strong case can be made for basing highway user charges on efficiency

grounds, implementing this approach requires that several obstacles be overcome:

(1) New instruments are required to actually collect user charges based
on the efficiency criterion, and there is only a limited amount of previous
experience upon which to judge the impacts of such instruments.

(2) Collection of efficient user charges would entail administrative costs
which would at least partially offset the potential gains from efficient
prices, but the magnitudes of the administrative costs have not yet
been calculated.

(3)  The concept that highway users should pay for the use and upkeep of
the roads is widely accepted, but the specific consequences of an efficiency
objective on the design and implementation of such charges is not well
understood.

(6) For efficiency-based user charges to be even minimally effective,
some degree of agreement and coordination must be achieved among
all levels of government.

These considerations have prevented much reliance on efficiency for the
design of current highway user charges, but there is nothing to prevent the future
development and application of efficiency econcepts to highway pricing. The choice
is a matter of public and political preference. Deregulation is proceeding in the
airline and railroad industries, while (minimal) user charges have been initiated
for inland waterways. In all of these actions, intermodal price competition was
an important concern. Electric power, telephone, postal service, and intercity
bus enterprises face similar types of problems, and there is no reason for publicly
operated facilities to stand out as being managed according to a different set of
concepts from those used in analogous private industries. Whatever policy direction
is taken next, private transportation modes and publicly owned modes should be
priced comparably and treated analytically as similar sorts of beasts.
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Typical User Charge Results

A complete set of user charges for a particular vehicle is the result of combining
two types of information. First, unit costs (cents per mile) are estimated for the
various cost components, as functions of both the characteristies of the vehicle
and the eonditions under which it typically is operated. Cost components are primarily
pavement damage and traffic delay; vehicle characteristies are things such as axle
weight and pollution emissions; and operating conditions include pavement strength,
environment, and congestion levels. Second, the actual operating conditions that
the vehicle will encounter are estimated. Total pavement damages per year, for
example, depend upon actual loaded weights, the types of pavements actually travelled

over, and the total annual mileage for each vehicle.

Figure A-14 shows summary figures for five representative vehicle types.
The cents-per-mile "efficient user charge" is an average for all types of operating
conditions, and sums all of the component costs. A rural auto, for example, is assumed
to be too light to cause pavement damage, travels only on uncongested rural roads,
and generates too little pollution to have a measurable impact. An urban auto,
in contrast, is assumed to be used regularly for peak-hour commuting and also contributes
significantly to pollution. The medium truck is assumed to travel mostly on medium
and light duty pavements, adding modestly to traffic delay and noise pollution.
The heavy single-unit truck produces high per-mile costs because it is assumed
to operate about a third of the time on light pavements that are vulnerable to damage,
while the heavy combination operates primarily (assumed to be 80% rural) on lightly-
congested heavy-duty pavements but travels a large number of miles per year.
Truck charges are based on estimates of average actual gross weight, not registered

gross weight or maximum capacity.

These examples are constructed from the cost estimates described below

in greater detail, and from estimates of typical operating conditions. Costs of
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Auto

Trueck

FIGURE A-14

Estimated Total User Charges for Typical Vehicles and Conditions

Average Efficient Estimated
Efficient Annual Current
User User Annual
Charges Annual Charges Charges
Location Desecription (¢/mile) Mileage ($/year) ($/year)
rural .6 11,000 $ 66 $ 130
urban used for 8.8 9,000 792 160
commuting
urban medium 25.1 10,000 2,507 480
single unit
(40,000 Ib GW)
urban heavy 59.0 10,000 5,900 1,100
and single unit
rural (60,000 Ib GW)
rural heavy 22.0 50,000 11,000 4,500
and combination
urban (72,000 Ib GW)
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actually collecting the charges are ignored. The results are estimates for each
prototypical vehicle, and are not necessarily consistent with national averages for
any specific vehicle class. The figures are intended to be comparable to common
vehicle types and their associated operating conditions, but the numbers are built

up from component parts rather than being aggregates averaged over units of travel.
This distinction is important for interpreting the results, and its meaning should

become clearer as the estimation methods are explained.
Conclusions

As a consequence of working out the details of the conceptual framework
and empirical methods, and producing quantitative estimates of efficient highway
user charges, the following conclusions were drawn:

(1) The concepts of microeconomic theory and efficiency are

applicable to the problem of highway user charge design
and provide strong guidance for the construction and empirical
estimation of such charges.

(2) The goal of efficient resource allocation should be a major

criterion for user charge design, and perhaps this goal should
be the dominant objective. Equity and efficiency can be
evaluated within the same analytic framework and properly
balanced through an informed political process.

(3) Efficient user charges could raise almost $80 billion annually

(ignoring collection costs and assuming revenues from
different types of charges are additive), in contrast to the
$50 billion currently spent on highways by all levels of

government or the $30 billion now raised by user fees.

A-48



(4)

(5)

(6)

(7)

Much of the previous highway research has not taken efficient
user charge design into account, and there are many gaps

in the basie knowledge needed to construet such charges.
Some examples are the effects of pavement damage on

user costs, the effects of congestion on user costs, the
contributions of different vehicles to congestion and accidents
under various traffic conditions, and the valuation of such
intangibles as noise, travel time, and air and water pollution.
The user charges estimated here do not include any fixed

fees or access charges, such as registration fees. Efficient
charges vary with usage for a given vehicle, and the principal
instrument which does this among current charges is the

fuel tax. User taxes of the registration or weight-fee type
could be used to supplement the revenues raised from efficient
prices.

Many degrees of compromise are possible between ideal

user charges and practical implementation of the charges.
Accuracy must be traded off against ease and cost of administration,
but the criterion can still be efficiency as a normative

basis for implementing practical user charge structures.

The dollar value of the (net benefits) welfare gains from
efficient user charges is another degree more difficult

to estimate than the charges themselves, but the direct

gains alone would be significant. Short run net benefits

could be in the range of $10 billion annually (again, ignoring
collection costs), and long run gains might grow to be much
larger. Efficient pricing of and investment in the highway
system would have large beneficial effects because of the
central role of highways in the economy.
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CONCEPTUAL FRAMEWORK

A perspective has gradually emerged in the transportation field over the
last several decades that views transportation services as an output consumed by
individual users rather than as a public good consumed by everyone. From this
perspective, the allocation of scarce capital resources toward competing productive
ends becomes the fundamental investment question, and the setting of user charges
becomes an instrument for achieving efficient utilization of the available stock

of facilities.

These issues should be independent of the institutional structure by which
a transportation service is provided and priced, and independent of the mode of
transportation. Unfortunately, highway user charges are determined in a context
that makes the consideration of efficient allocation of resources awkward at best.
Instead, taxes are imposed on selected groups, by several levels of government,

in order to meet budget requirements that are agreed upon through political means.

To pose the alternative, design and estimation of ideal highway user charges
is undertaken in this study through the application of microeconomie theory.—t/
This is an approach based entirely on efficiency, making no explicit recognition
of the principles of equitable taxation that have guided previous highway cost studies.
The concept of charging vehicles in accordance with "cost occasioned" is retained

but in a much narrower and more precisely defined form.
Efficient Pricing
The purpose of an efficient price is to maximize net benefits to society.

To achieve this, it is necessary to confront the individual consumer with the full

social costs of his or her decision. The level of consumption is determined by users,

*
x/ Review and synthesis of potentially applicable theory was conducted in previous
studies (Lee, 1981, and Boyd, 1981) done for the Federal Highway Cost Allocation

Study (HCAS). A-50



weighing the costs to themselves against the benefits to themselves, and not by
transportation planners or economists. No instrument is more neutral in this respect
(less coercive) than a price. Because paying the price means the eonsumer must
forego some other alternative, the benefits to the econsumer will always be at least

as great as the price paid. If the price also indicates the value of the resources
society must give up in order to create the good or service consumed, the consumption
decision that makes the individual better off will also be one which makes society
better off.

For highway user charges to perform as efficient prices, it is desirable that:
(D Each vehicle pay the marginal cost of its usage, on each
occasion of use;
(2) The benefits from usage acerue directly to the user, whether
or not they are eventually passed on to others (e.g., consumers
of products shipped by highway); and
(3) The user accurately perceives both the benefits and the
price of each occasion of use, including the benefits and
prices of substitute alternatives.
"Marginal" cost means that the relevant costs are those which would not be incurred
if the vehiele did not make the trip. If the costs would be avoided by not making
the trip, then these are the costs against which the user should weigh his or her
benefits. Hence, only variable costs are of interest in determining efficient prices;
fixed costs, by definition, are not affected by the passage of a particular vehicle
and could not be avoided if the trip were not made.

Whether users re‘ap the benefits, and whether users correctly perceive the
benefits and the costs to themselves, are questions for which there are no definitive
answers. The preponderance of expert opinion probably lies on the side of saying
that there are no external benefits of highway consumption beyond the benefits
to users. Although the evidence suggests that users tend to be only partially aware
of the prices they pay and the associated benefits of usage, users still appear to
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be in the best position to make the tradeoffs between the costs and benefits of
usage. When it comes to determining who uses the highways, and when and how,
the norm of the private market with many buyers and many price-service combinations

is an applicable model
Second-best Conditions

Requiring that users of the highway system pay the marginal costs of their
usage does not necessarily lead toward efficient resource allocation unless the rest
of the world also prices at marginal cost. Obviously, the rest of the world does
not. It is then a matter of judgment whether efficient highway prices will improve
or worsen aggregate welfare, and this judgment must be based on knowledge of
such things as competition in transportation and related sectors, relationships between
marginal costs and prices for goods and services that are substitutes or complements
for highway services, and demand elasticities and cross-elasticities. The working
assumption here is that highway user charges that are closer to marginal cost than
present charges will improve efficiency in the highway sector as well as the economy

as a whole,
Public and Private Costs

Two reasons exist (if efficiency is the object) why a public agency might
insert a price into a market. One is the obvious one that where the expenses incurred
in providing the service are paid by the public sector, the government is the natural
entity to charge a price. The second reason is that users may be paying a price
in private markets but the price paid is not equal to the marginal social cost. Time
delay, air pollution, and accidents are examples of costs for which there is a difference

between the price paid by the user and the marginal cost to society.

Figure A-15 illustrates the distinction between private and social costs.

The marginal social cost curve indicates the cost of an additional unit of service

A-52



Figure A-15. EFFICIENCY GAINS FROM CORRECT PRICING
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at each level of output. By "cost" is meant the value of the resources which society
must give up in order to obtain the increment of output, without regard to who
actually bears the cost. The price curve indicates the amount of money, time,
inconvenience ete., the person must pay who is making the decision about consuming
the output. If there is a difference between the marginal cost to society and the

price to the individual, consumers (highway users) will be biased in their decisions.

For the case shown, where private cost is below social cost, users are biased
toward overconsumption: the inecremental benefits of the output are less than the
incremental costs. The inefficient price of p j leads to a level of usage of q while
the correct price of Py reduces the volume of traffic down to the efficient level
of q;- The demand curve indicates the marginal willingness-to-pay of each additional
user, and thus the benefits of each trip to the user. All trips above the volume
of qq create marginal costs that exceed the marginal benefit. If the number of
trips taken is ) the reduction in net benefits over a volume of q, is represented
by the shaded area. This is the loss of net benefits (opportunity cost, welfare loss)
from pricing at the inefficient level. For the case where the price to the user is
higher than the cost to society, a similar efficiency loss oceurs from underconsumption:
users forego benefits that exceed the costs to society, because the price is too

high.

Several kinds of eosts, such as air pollution and user costs from pavement
damage, follow a pattern similar to the one just described. Each vehicle is subjected
to the average level of noise, pollution, accident risk, and tire wear that apply to
the traffic stream, but the individual costs are lower than the costs that could be
avoided if any given vehicle were removed from the stream. The shapes of the
curves will be different for each type of effect, but the deviation between social

and private cost is common to many costs of highway travel.

The Marginal User

On first blush it might appear that each user should pay a different price,

i.e., the first vehicle pays the marginal cost of the first vehicle and only the qlth
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vehicle pays the price of Py This would be a misconception. Every vehicle is a
marginal vehicle in the sense that any one could be removed and thereby avoid
the costs to society of Py~ If the principle is followed of charging each vehicle
for the consequences of its decision to use the highway, then every vehiele should
pay the price of Py- There is no "first arrivals get the best prices" deal

Lest this appear terribly unfair, it should be emphasized that there are no
charges levied for fixed costs; the only way the producer can efficiently recover
any outlays for fixed facilities is to add tolls or "surcharges" to private costs. Attempts
to allocate items of fixed cost into the price will raise the charge to the user above
the private cost level, but the results will not be efficient unless the price charged
is coincidentally and consistently the same as the marginal cost.

Outputs of the Highway System

The highway system is a set of facilities that provides space on which to
operate vehicles. The vehicles earry passengers and goods, most vehicles being
used primarily for one purpose or the other but not both. In eombination with the
vehicles, highways produce movement of people (passenger miles) and goods (ton
miles). The highway facilities themselves, then, provide a capacity to move volume
and weight. Stronger highways can move more weight for a given volume; more
lane-miles of highway can move larger volumes of vehicles.

These two dimensions of highway output — volume-distance and weight-distance
— are represented as the axes in Figure A~16. Choosing the optimal combination
is a design problem to be solved by comparing the demand for passenger and goods
movement with the costs of supplying each, under various configurations. For a
given set of facilities, increasing the output of vehicle volumes while holding ton-
miles constant means increased congestion, and increasing the output of ton-miles
while holding volumes constant means greater pavement wear. In the long run,
investment and disinvestment can alter the vehicle capacity and pavement strength
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of segments of the system, so as to approach the optimum,

Along the vehicle volume dimension, the unit of measure is the standard
passenger car equivalent (PCE). Each vehicle takes up some effective amount of
road space, and competition for this space results in congestion. Along the weight
movement dimension, the unit of measure is the equivalent single 18,000-pound
axle load (ESAL). Pavement damage per axle load is thought to be related to axle
weight. Thus the output of the highway system is a ecombination of PCE-miles and
ESAL-miles, or simply, PCEs and ESALs.

The constant-cost curve C0 displays a shape indicating that combinations
of vehicle capacity and strength that are close to the optimum produce more total
output than other combinations and that there are some minimum levels on each
dimension below which output on both dimensions is sacrificed. If the two dimensions
of output could be sold separately in competitive markets, then the prices would
determine the optimal output mix. For a given total cost, the ratio of prices is
represented by the line Ro; the point of tangency to the cost curve gives the mix
of volume-distance and weight-distance outputs that yields the total output of the
highest value. At this level of abstraction the prices and curves do not have a verifiable
empirieal content, but the practical process by which the optimum mix is approached
is the incremental benefit-cost evaluation of highway investment projects and programs,

Variable Costs

The variable costs listed in Figure A-17 include those represented by public
expenditures as well as some falling on private users and non-users. For public
costs, the price is zero unless a user charge is imposed. For the private costs, it
is the difference between social and private cost that is of interest in designing

user charges; if there is no difference, there is no need for a price correction.
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II.

FIGURE A-17

Variable Costs of Highway Usage

Public Sector Outlays (and associated costs)

Pavement damage
pavement restoration or loss of user benefits
user costs from pavement roughness

Highway administration and services

Private User Costs

Vehicle Interference
delay
accidents among vehicles
increased vehicle operating costs

Negative externalities
air pollution
water pollution
noise
visual intrusion
danger to non-users and property
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Pavement Wear. Damage to the surface of the pavement caused by the

passage of a vehicle depends upon the axle loads imposed by the vehicle and the
strength of the pavement. The direct costs of this wear are represented by either

the costs of restoring the pavement to its original condition or the loss of user benefits
from not restoring the pavement. Indirect costs occur to users due to delay, vehicle

wear, fuel consumption, accidents, and discomfort from operating on rough pavement.

Administration and Services. Several costs associated with administration

of the highway system and providing services to highway users can be regarded

as variable costs. Requirements for traffic police and vehicle code enforcement
tend to go up with vehicle volumes. Some accident costs, such as police response,
emergency public medical treatment, and court expenses for liability litigation

are not included in private insurance premiums.

Vehicle Interference. Congestion is the result of interaction between the

limited vehicle capacity of a given facility and the demands for space by individual
users. The costs of eongestion occur in the form of excess travel time, increased
expected damage and injury from acecidents among vehicles, and additional vehicle
operating costs for wear and fuel. All are measured relative to what the costs

would be under uncongested or free flow conditions.

Negative Externalities. Air pollution and noise are real costs to members

of society even though dollar amounts do not appear in public budgets (prevention

or control costs sometimes do appear as expenditures, but these are only weakly
related to damage costs). The higher the rate of emissions from a vehicle and the
more sensitive and more numerous the persons impacted, the higher is the marginal
cost of a vehicle trip. The essential characteristic of an externality is that it esecapes
normal market transactions, so that the valuation of negative external effects must

be accomplished by political or other surrogate means.
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This summary listing of variable costs is meant to be exhaustive in scope,
although not in detail. If the highway system has been efficiently designed and
maintained and output is not subject to economies of scale, then efficient prices
to users will be sufficient to recover all of the long run costs of the system. Even
though the prices are based on variable costs, under these conditions they will raise
revenues that cover fixed costs as well. An important purpose of the attempt to
estimate the full magnitudes of efficient prices is to assess the extent to which
such prices could finance the construction and operation of the system. The results
indicate that the revenues would be far greater than those raised by existing user

charges.
Administrative Costs of Pricing

For prices to serve as guides to efficient resource allocation, they must
be clearly tied to usage in both reality and the consumer's mind. Annual registration
fees that are invariant with respect to the amount or location of travel can only
serve as very crude prices at best. This need for prices to be based on the amount
of travel and the specific eonditions under which it is consumed makes accurate

pricing difficult and perhaps exhorbitantly costly in many circumstances.

The orientation of this report is to estimate what the correct prices would

be, as if their collection were costless. Qualitative judgments are offered regarding
which costs of travel are not likely to be feasibly priced, but no quantitative tradeoffs
between the benefits of improved capacity utilization and administrative costs

of imposing ideal user charges are attempted. These questions are critical and

must be addressed eventually, but the initial problem is to gain an idea of what

good prices would look like. Ultimately, the question is whether some attempt

at efficient pricing is better than the present method, however imperfect the pricing
mechanism. Rough approximations can be improved with experience, and experience

may be the most effective way to achieve accuracy.
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ESTIMATION METHODS AND RESULTS

Application of the economist's coneept of efficiency to public policy implies
that the government should seek to maximize the net social benefits resulting from
the activities in which it engages. Efficient highway user charges are those which
will lead to the greatest surplus of benefits over costs, for a given stock of capital
facilities. Because the scope of estimating efficient highway prices is large and
because no comprehensive set of marginal cost highway user charges appears to
have been made previously, the result of the ecurrent work is still very rough. At
present, the concepts and methods are at least as important as the numerical results.

The year 1981 was selected as the representative analysis period for several
reasons. A static equilibrium framework is implied by the conecepts and methods
used, and given conditions (observed and assumed) rather than trends are relevant
to this approach. Data and previous results could only support one analysis year
(forecasting under the many assumptions required would be largely fictional), and
1981 is the most illustrative. Some data are used directly from prior years, if they
were judged to be the best estimators of the desired data.

Caveats

No exercise of this dimension could be carried through without innumerable

assumptions and simplifications. Although listing each explieit and implicit assumption

at each step of the analysis would be burdensome and distracting, it is essential
that a elear understanding of the general flavor of the analysis be communicated
at the outset.

The dominant principles are completeness and completion, i.e., every cost

element that belongs in an efficient highway user charge is covered, and a quantitative

estimate of at least the order of magnitude is made. Methods are streamlined,
and results evaluated on the basis of sensitivity testing and redundancy. Instruments
for collecting the ideal tolls are ignored and are assumed to be costless; the choices
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of how accurate the charges should be and what pricing mechanisms to use is a
subsequent analysis. Many of the data and engineering relationships upon which

the price estimates are based are known to be inadequate, and steps are being taken
to improve them, but better information is not yet available. Finally, all benefits
of highway usage are presumed to be captured by users, and passed on to indirect

beneficiaries through normal market mechanisms,
Pavement Wear

Costs of pavement wear consist of two parts: the cost of repairing the damage
to the pavement, and the additional user costs to vehicles traveling over damaged
pavement. If restoration of the pavement were instantaneous after the passage
of each vehicle that caused damage, the user costs would be zero. If restoration
of the pavement never occurred, pavement wear costs would include only the user
costs. An efficient design, maintenance, and operating program seeks to minimize
the sum of the two costs, and correct pavement damage charges will normally include

both components.
PAVEMENT REPAIR

Highway pavements are designed to carry a forecast traffic volume over
a lifetime of approximately twenty years. The major design consideration determining
the thickness of the pavement is the expected number of axle load applications.
Travel by various weights of vehicles is translated into ESALs using factors derived
from the AASHO road test conducted in the 1950's (AASHO, 1962). The factors
embody the relationship, shown in Figure A-18, that loss of pavement serviceability
on a given road increases with the fourth power of the weight on the axle. A legally
loaded 80,000-pound 5-axle tractor- —semitrailer combination truck (also known as
a 3-S2 or 18-wheeler) generates about two ESALs per mile of travel. Relatively,
this typical heavy truck is wearing out the pavement at a rate about 5,000 times
that of the family car and about one quarter the rate of the same truck loaded
to 100,000 pounds. Each ESAL, however, has less effect on a thicker pavement
because pavement strength increases with roughly the seventh power of thickness.

Pavement construction cost, in contrast, increases less from linearly with thickness.
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Figure A-18. AASHO EQUIVALENCE FACTORS FOR PAVEMENT DAMAGE
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Incorporating these engineering relationships into user charges that encourage

efficient utilization of the highway system has several implications:

(1)  The charges should be high enough so that whenever a vehicle
adds to the wear of the pavement, the benefits to the user (as
expressed by his willingness to pay for the damage in user
charges) are at least as great as the costs of the damage to
society.

(2) Fees should accelerate steeply with increased axle weight.

(3) Vehicles which use more axles to carry the same weight
should be charged less.

(4) Heavy vehicles should face substantially lower charges when

they travel on heavy duty rather than light duty roads.

Axle Weight per Vehicle Mile. The pavement impact caused by a given vehicle

is the sum of the ESAL factors for all its axles. Tandem axles distribute weight
differently than two single axles spaced farther apart, so a different set of .
equivalence factors applies to tandem axles (AASHTO Interim Design Guide). For a

given gross weight (vehicle weight plus load) and vehicle, the weight on each axle can
be estimated and the equivalence factors summed. This has been done for the trucks

displayed in Figure A-19.

Current truck weight fees (Federal and most states) are based on fully loaded
gross weight, not on actual weight, actual VMT, or strength of the roads actually
traveled upon. It may be that the patterns of loads and travel are similar for most
heavy vehicles, but a charging system that is not tied to the actual pavement
deterioration created by the vehicle can only have very muted efficiency incentives.
In fact, the incentive generated by a fixed weight fee is to overload undersized
vehicles and overuse them. Data on average actual gross weight and VMT for each
vehicle class have been estimated by FHWA, and used in the calculations below
(Arlee T. Reno, et al., June 1981), but additional information is required to attach
costs to a specific vehicle. Several states have truck fees based on actual distance,

graduated by registered gross weight, and toll roads charge by actual distance.
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Figure A-19. EXAMPLE TRUCK CONFIGURATIONS AND ESALs
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Environmental Effects. The ability of a pavement to withstand loads is known

to be severely affected by weather and soil conditions, in addition to pavement
construction, but the variation in strength of the same pavement over different
weather conditions is quantitatively almost unknown. In the design of pavements,

a "regional factor" is incorporated in order to account for differences in climate.
For a given location in the U.S., the factor is some number between 1.0 and 3.0.
The number represents a judgmental summary of the susceptibility of pavements

to freezing, moisture, temperature variations, soil condition, ete., at that location.
No information is implied, for example, about whether the regional factor indicates
a difference between regions that is constant and stable under most conditions

or one that averages a large variation from one season to another. Spring thaw
time is regarded as offering conditions most vulnerable to pavement damage, but
the sensitivity of the pavement at this time relative to other conditions is not readily

quantifiable.

In addition to the quantitative relationships between climatic conditions
and the strength of the pavement, another point that is not well understood is the
distinetion between "pure" environmental damage and damage that results from
the interaction of traffic and weather. When a heavy vehicle traverses a pavement
made susceptible to damage by moisture, say, the marginal cost of the passage
of that vehicle at that time is much higher than at other times. Thus a properly
calibrated set of user charges would impose a higher pavement damage charge (for
the same vehicle) when pavements are more vulnerable. Such damage, resulting
from the interaction between usage and weather, is the full responsibility of the
vehicle; without the vehicle the damage would not occur. If the weather causes
deterioration, however, that is independent of usage (i.e., cannot be explained statistically
by correctly specified functions of usage), then that residual damage is a "pure"
consequence of the environment and hence a fixed (unchargeable) cost. Notice
that this amount is not necessarily the deterioration that would occur if there were

no traffie; it is the amount of deterioration that is unrelated to traffic.
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Pavement Wear Costs. The amount of deterioration caused by the passage

of a single vehicle is effectively impossible to measure for most moderate and heavy
duty highways. Several strategies that utilize sample or aggregate information
can be considered, but the one chosen was to divide the expenditure required for
pavement restoration by the cumulative load placed on the pavement. The adequacy
of this approach is dependent upon several assumptions:
() Resurfacing of pavement and shoulders is the typical means
of correcting damage to pavement. This means that resurfacing
is the most likely technology that will be used and that
most roads will eventually be resurfaced rather than abandoned
or reconstructed.
(2) Over the lifetime of the pavement, resurfacing leaves the
highway neither better nor worse than when it started.
This means that resurfacing does no more and no less than
restore the damage caused by wear.
(3) The investment represented by resurfacing corrects damage
caused by usage, not by purely environmental factors.
(4) The marginal cost of pavement wear is equal to the average
cost. This implies that the incremental deterioration caused
by a particular vehicle is affected by neither the amount
of deterioration that has already taken place nor the volume
of traffic.
(5) Differences caused by weather in the vulnerability of pavements
to axle loads are not great enough to overwhelm the relationship
between axle weight and pavement damage for a given

road design.

Although maintenance is not mentioned, it is assumed that normal practice
will be to fill potholes, apply surface coatings, and make other repairs that derive
the intended life from the pavement. Costs for these activities have not been included
in the resurfacing costs, so they might be regarded as an offset to whatever upward

bias may be contained in the assumptions listed.
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Pavement Lifetime. In contrast to the transformation of different vehicle

configurations and gross weights into the unidimensional ESAL measure, the transformation
of different highway cross-sections into a single measure of strength is handicapped

by numerous unknowns. Roads are frequently designed to last twenty years, but

many last longer or fall apart sooner and the reasons are not always apparent.

Strength itself is a multidimensional characteristic (summarized by the structural

number of a flexible pavement or the effective depth of a rigid pavement) and can

be increased for a given road design in numerous ways. Thus the estimation of

the strength of existing highways, averaged by functional class, is subject to a great

deal of uncertainty. Unfortunately, because of the non-linear relationship between

the ability of a pavement to withstand stress and pavement thickness, small errors

in estimating average strength result in large errors in calculated ESAL lifetimes.

For these reasons, ESAL life is a critical parameter in estimating pavement
damage costs. Both ESAL life and resurfacing costs are shown in Figure A-20 for
a range of road types that are intended to represent the various functional eclasses.
Costs are estimated expenditures in 1981 dollars, averaged across the country.
Accuracy of ESAL lifetimes can be improved by documenting actual experience,
by obtaining better data on the actual distribution of cross-sections and condition
of segments within the functional class, and by controlled tests that prediet pavement
strength under usage conditions. Current practice of pavement design is a blend
of all of these, but the AASHO equations constitute a core element. For example,
an ESAL lifetime of one million could result from a structural number of 4, soil
strength of 3, a regional factor of 1.5, and a terminal pavement serviceability of
2.0, according to the modified AASHO design equation. Unit costs of resurfacing

will also vary from state to state.
User Costs

Reduced pavement quality increases vehicle wear, fuel and other operating

costs, travel time, accidents, and discomfort. For a given amount of reduction in
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Functional
System
Interstate
Arterial

Collector

Local

Estimated Pavement Repair Costs per ESAL by Functional Systems.

Per-mile cost of
Resurfacing
and Shoulders
($1,000)

*
518
310

112

40

Rural

ESAL
Life-
time
(mil-
lions)

6.0

1.5

FIGURE A-20

($1981)

Resurfacing Per-mile cost of Life-

Cost
($/ESAL
mile)
$ .09
$ .21
$ .28

$ .50

Urban

ESAL

Resurfacing time
and Shoulders (mil~
($1,000) lions)

£

2,242 9.0
986 1.5

321 .5

80 .1

Resurfacing
Cost
($/ESAL
mile)

$ .25
$ .66

$ .64

$. 80

Unit resurfacing costs were estimated using tables in FHWA, "Performance-Investment
Analysis Process," Technical Report, U.S. DOT, September 1978.
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surface quality, the user cost of that reduction depends upon the volume of vehicles
using the facility and the length of time until the surface is restored. Because
heavy axle loads result in lower surface quality, the resulting increased user costs
are a consequence of the passage of heavy vehicles. The effects of axle loads on
user costs are complicated by the multidimensional nature of pavement quality

and by the interactive effects among user costs.

Pavement stress and pavement quality. In relating axle load applications

to pavement wear, a linear relationship was assumed, so that the lifetime costs
of pavement restoration could be spread uniformly over the ESAL s giving rise to
the damage. Although it is necessary pragmatically to assume the same thing for

reduction in surface quality, the two are not necessarily tied together.

The accepted measure of pavement quality is the Pavement Serviceability
Index (PSI), a composite number which relates various indicators of pavement distress
to apparent overall surface quality. The distress indicators possess a degree of
objective reality, but the overall rating is necessarily subjective. Despite the
difficulties of collapsing pavement quality into a single dimension, however, it is
assumed here that such a measure can be constructed and that PSI constitutes a

useful approximation to the measurement of pavement quality.

For a given pavement structure, PSI serves as both an indicator of pavement
life as well as surface quality. Restoration is triggered at a PSI of 2.0 -2.5, and new
high-quality pavement is generally 4.5 - 5.0 PSI. Although it may be that the ratio of
a unit of pavement damage to a unit of surface quality reduction differs over the life
of the pavement, or that both are nonlinear, current evidence does not warrant the
use of separate or nonlinear models. Hence, an ESAL is regarded as the measure of a
unit damage to pavement and a unit reduction in surface quality, both of which are

constant over the life of a given pavement structure.
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Surface Quality and User Costs. Evidence of pavement distress appears in the

form of roughness, rutting, cracking, faulting, blowups, potholes, etc., and these
characteristics reduce ride quality and increase running costs. Although the existence
of relationships between surface quality and user costs has always been acknowledged
for paved versus unpaved roads, the precise effects of pavement deterioration on

*
user costs are still not much more than guesses.—/

One of the complicating factors is that, to the extent that rough pavement
reduces speed, it reduces fuel consumption while increasing vehicle wear. Not
known is the degree to which better fuel mileage from lower speed is offset by
energy losses in bouncing and swaying. Neither accidents nor ride comfort, moreover,
can be quantified in regard to their sensitivity to pavement quality. Thus the estimates
of efficient pavement repair charges contained in Figure A-21 are based on some
nominal functional relationships, but their validity has not been adequately established.
The impact of surface condition on user costs is undoubtedly significant, but the

empirical basis is still weak.

Discounting for Time. For the pavement replacement portion of pavement

damage costs, the damage and the replacement occur at different points in time.
The vehicle could, in principle, be allowed to pay its share of the replacement costs
at the time the overlay or reconstruction expenditure was incurred, or the vehicle
could pay the discounted value of the same amount at the time the vehicle caused
the damage. It would make no difference whether the vehicle operator or the road
authority held the revenues between the time of damage and the time of
replacement, assuming either entity could invest the funds at the same real rate of

return.

. .
! Relationships contained in FHWA, Highway Investment Analysis Package 1979

were used to generate the estimates in this report, and additional research is being
sponsored by FHWA.
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FIGURE A-21

Efficient Pavement Damage Charges by Functional System
(cents per ESAL Mile)

User Costs
Functional Pavement Vehicle Travel Running
System Repair Wear Time Cost Total
Interstate
Rural 5.0 3.8 9 -.9 8.7
Urban 15.0 10.6 2.4 -2.9 25.2
Arterial
Rural 13.0 4.1 1.0 -1.1 17.0
Urban 41.0 7.6 7.0 3 55.9
Collector
Rural 17.0 3.2 .8 -.9 20.1
Urban 40.0 6.6 6.1 .2 52.9
L ocal
Rural 31.0 2.4 .6 -7 33.4
Urban S50.0 9.7 9.0 -4 68.3
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In practice, the vehicle would pay at the time the damage was done, and
the replacement cost would be discounted from the expected time the pavement
replacement would take place. Thus, even if the amount of damage per ESAL were
constant over the life of the pavement, the efficient charge for pavement replacement
would increase as the time for replacement approached. Old roads would have
higher charges than new ones.

This somewhat unappealing preseription is offset by the inclusion in the pavement
damage charge of user costs, which operate in the reverse direction. The longer
a pavement remains in a damaged state before it is restored, the higher will be
the cumulative user costs suffered by vehicles subsequent to the one doing the damage,
holding other things (e.g., traffic volumes) constant. The quantitative magnitudes
will not balance exactly, but at least a pavement damage charge that is independent
of the time until restoration can serve as a good approximation to an efficient pavement
damage charge.

In caleulating the pavement damage charges shown in Figure A-21, an average
time to replacement of seven years was employed, both for purposes of diseounting
(at seven percent per year) pavement restoration costs and for accumulating user

costs. The latter are also discounted.
Efficient Pavement Damage Charges

Combining the discounted pavement repair costs with the three user cost
components leads to the results in Figure A-21. They are intended to inelude only
variable costs, but the methods used may not effectively separate these from fixed
costs.i/ Thus, the marginal cost of an ESAL depends upon the strength of the pavement

*/

—' Other estimates of pavement repair costs have been prepared by Markow, 1982,
and System Design Coneepts, 1982. These estimates use different methods than
those described here, and the costs per ESAL are somewhat lower.
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(thicker pavement means less damage from a given axle) and the volume of usage
(larger volumes mean higher user costs). User costs per ESAL tend to be dominated
by the vehicle wear component, and reduced wear from high pavement strength

is partially offset by higher ADTs on heavy duty pavements.
ADMINISTRATION AND SERVICES

Management and administration of the highway system require a wide variety
of services performed by many levels of government. Some of the costs are fixed
costs, unrelated to the usage of the highways in the short run, and therefore not
relevant to efficient pricing. Highway and motor vehicle agencies at the Federal,
state, regional, county, and city levels fall in this category, with the exceptions
mentioned next. Variable costs of such services as traffic control are more directly
related to highway usage, and there is some basis for pricing them, from both the
standpoints of efficient pricing and of user charge recovery for public sector expenditures.
These costs include traffic police, highway patrol, other police services such as
accident reporting, retrieval of stolen vehicles, and testimony in highway-related
litigation, public court costs related to traffic enforcement and liability litigation,

public costs of aceidents, and various other services to motorists.

Most of these costs are represented by public expenditures, but the expenditures
do not appear in highway-identified budgets. Thus, they are commonly overlooked
when tabulating the costs of highway services. The magnitudes are not large on
a per-vehicle-mile basis, but they are not insignificant either. The few studies
that have attempted to extract empirically the costs from the various municipal
and state budgets suggest that the costs are approximately $.004 per vehicle mile

in urban areas (Lee, 1972; Lee, 1980).
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VEHICLE INTERFERENCE

As more vehicles occupy space on the same roadway, interactions among the
vehicles become inecreasingly important. These interactions have three effects:
one is the decrease in speed below free-flow speeds, resulting in additional travel
time or delay; the second is the increase in operating costs caused by congested

conditions; and the third is the increase in accidents among vehicles.
Congestion

Figure A-22 represents the microeconomic formulation of the congestion problem
(Mohring, 1976), which is a more specific form of the relationships shown in Figure
A-15. Average variable cost (AVC) includes vehicle wear and operating costs, pavement
wear, and travel time, and excludes user taxes. This curve corresponds roughly
to the price to the user and determines the volume of travel by its intersection
with the demand curve. Because average cost rises with increasing volumes, the
marginal cost of additional trips at any given volume must be above the average
cost. The major component of the increase in average cost, and hence the difference
between average and marginal cost, is excess travel time or delay. Drivers are
assumed to know the average travel times they will face when entering a given
traffic stream, but they do not consider the increase in total travel time (for all
vehicles) caused by their presence. To internalize this effect - forcing the user
to balance benefit against marginal eost — requires a price surcharge or toll that
varies with the level of congestion. For the volume-capacity relationships implied
by the cost curves and the demand schedule shown, the correct toll is the difference
between P, and Py- The effect will be to reduce vehicle volume from qq to >
at which point the average cost faced by the vehicle plus the toll will exactly equal
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the marginal cost. All vehicles in the stream pay this toll

When the vehicle volume drops from 9 down to dgs costs are avoided equal
to the area under the marginal cost curve, while benefits are lost equal to the area
under the demand curve. The net effect is an efficiency gain (more benefits than
costs) represented by the three-sided area labeled A. These efficiency gains are
composed of delay savings to vehicles remaining on the facility minus the consumer
surplus lost by vehicles tolled off. The first of these two components is indicated
by the vertically shaded rectangle and the second by the hatched triangle. The

difference between them is exactly equal to area A.

These abstraet concepts can be operationalized directly. Using traffic engineering
relationships, average travel time curves ean be constructed for different road
types. The curve for urban non-interstate roads has been calibrated to the lefthand
vertical scale. Marginal travel times are derived from the average travel time
function. The horizontal scale has been converted to volume-capacity units, measuring
both volume and eapacity in PCEs. Demand is given by an arc elasticity of -.33
measured from the observed volume-price combination (e.g., Py ql). This information
yields a reduction in vehiele volume from .75 to .67 for the example in the figure,
at which point the difference between average and marginal travel time is 1.02
minutes. Using a value of travel time of $.08 per minute ($4.80 per hour per vehicle),
the efficient toll is $.082 per vehicle mile. An estimated 30 billion miles of travel
(VMT) ocecur annually on U.S. streets at a v/c ratio of between .7 and .8, which
would drop to 27 billion with the toll and produce $2.2 billion in revenues.i/ Additional

details for one functional system are given in Figure A-23.

*/

—' These are taken from Shuldiner, 1981; parallel and quantitatively similar estimates
were prepared for the Federal Highway Cost Allocation Study by Stoner and Marshall,
1981.
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FIGURE A-23

Time Delay Charges by Functional System

Urban Non-Interstate Highways:

*

Average* Marginal* - Initial .

Initial V/C Time Time Toll VMT Revenues
0.05 2.17 2.20 0.0023 15 0.03
0.15 2.23 2.30 0.0074 59 0.43
0.25 2.30 2.47 0.0138 104 1.40
0.35 2.37 2.66 0.0216 142 2.96
0.45 2.46 2.89 0.0314 111 3.31
0.55 2.57 3.19 0.0439 82 3.36
0.65 2.69 3.62 0.0601 52 2.86
0.75 2.86 4.29 0.0817 30 2.20
0.85 3.09 5.53 0.1117 52 5.09
0.95 3.50 9.58 0.1600 96 13.18
34.83

* %

* k X

Average travel time in minutes per mile based on linear speed-density
and free speed of 28 miles per hour.

4.29

) 1+ (1—V/C)%

Marginal travel time in minutes per mile

0.5 V/C

= gverage time 1+ I
(1-v/C) + (1-V/C)

Toll in dollars per PCE vehicle mile with a value of time = 8¢ per vehicle
minute ($4.80 per vehicle hour), at the adjusted (price elastieity = -.33)

V/C and VMT (neither are shown). Initial VMT stated in millions annually.

*% % * Revenues in $billions per year from given toll at adjusted PCE volume.
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FIGURE A-23 (cont'd). Time Delay Charges by Functional System

Initial Initial Average Marginal Adjusted Efficient Total
V/C Volume Time Time Volume Toll Revenues

Rural Interstates

.05 42.0 1.21 1.23 41.8 .001 .05
.15 46.0 1.25 1.30 45.4 .004 .19
.25 31.0 1.28 1.38 30.2 .008 .23
.35 11.0 1.32 1.47 10.6 .012 .13
.45 5.0 1.37 1.59 4.7 .018 .08
.55 3.0 1.41 1.72 2.8 .025 07
.65 6.0 1.47 1.89 5.5 .034 ‘ .19
.75 8.0 1.53 2.10 7.2 .046 .33
.85 5.0 1.59 2.38 4.4 .063 27

157.0 152.6 1.54

Rural Other

.05 212.0 1.21 1.23 211.1 .001 .27
.15 153.0 1.25 1.30 150.9 .004 .63
.25 106.0 1.28 1.38 103.4 .008 .80
.35 53.0 1.32 1.47 51.1 .012 .62
.45 30.0 1.37 1.59 28.5 .018 .50
.55 15.0 1.41 1.72 14.0 .025 .34
.65 9.0 1.47 1.89 8.3 .034 .28
.75 6.0 1.53 2.10 5.4 .046 .25
.85 3.0 1.59 2.38 2.6 .063 .16
.95 3.0 1.68 2.80 2.6 .089 .23

590.0 14.11 17.86 577.9 .300 4.08

Urban Interstates

.05 7.0 1.21 1.23 7.0 .001 .01
.15 15.0 1.25 1.30 14.8 .004 .06
.25 29.0 1.28 1.38 28.3 .008 .22
.35 36.0 1.32 1.47 34.7 .012 .42
.45 25.0 1.37 1.59 23.8 .018 .42
.55 9.0 1.41 1.72 8.4 .025 .21
.65 9.0 1.47 1.89 8.2 .034 .28
.75 16.0 1.53 2.10 14.4 .046 .66
.85 20.0 1.59 2.38 17.5 .063 1.10
.95 15.0 1.68 2.80 12.9 .089 1.15

181.0 170.0 4.53
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Distribution of VMT by Level of Service. Estimates of VMT by functional systems

are available for several historical as well as forecast years, but data on the distributions
of those VMT by level of service or v/c ratio have not been tabulated. Several

sources yield some partial insights on these distributions, but the only way that
quantitative estimates can be constructed is to first disaggregate average daily

traffic (ADT) into peak and off-peak and then to apply standard distributions of

volumes by annual hours at each volume. These constructed distributions are then
reaggregated to obtain the initial VMT distribution shown in Figure A-23. Because

of lumpiness in the data, these distributions were "smoothed" so as to even out

excessive highs and lows. The level of reliability of these estimates could be easily
improved by better statistical sampling and questionnaire design in data collection

activities that are already being undertaken.

Volume-Delay Functions. Traffic engineers have accumulated a large amount

of structural information about vehicle flows and road capacities, but the information
is not so robust that it leads to a unique mathematical relationship between volume
and delay on a given facility. There is little doubt that the general shape is similar
to that shown as AVC in Figure A-22, but there is a considerable degree of lattitude
in how fast the curve rises at the low end versus how fast it rises at high levels

of congestion. There is also much uncertainty about how operating conditions affect

the functional form and ecalibration of the curve.

An assumption of linearity between speed and vehiele density was used to derive
the results shown in Figure A-23. Perhaps a dozen other approaches might also
be used, and roughly half a dozen were tested for sensitivity purposes. The flatter
the relationship is at the low congestion end, the more sensitive the results become
to the distribution of VMT at high v/c levels. A linear speed-density model yielded
modest total revenues in comparison to other functional forms, but revenues are
produced at most v/c ratios. Other models tend to result in noticeable congestion

charges only at higher v/c ratios, resulting in higher total revenues with much greater
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concentration in urban areas. Although the evidenece is slightly stronger for the
existence of small (rather than zero) congestion effects at low and moderate volume
levels, the conclusion is far from definitive and the policy implications are large.

In other words, the question of whether congestion tolls are generally applicable

over most of the system or relevant only to medium or large urban areas is an'important
one for practical user charge design.

In addition to the shape of the volume-delay function, the problem of associating
a funetional form with particular capacity and operating conditions is far from
simple. Two-lane behavior is different from four lanes or divided highways; signalized
segments do not work the same way as access-controlled segments; the shape of
the functional relationship may change radically in response to random disturbances.
Most research that has been done on these topics has not been oriented toward

the measurement of marginal cost, so drawing any cost inferences is risky.

Demand Elasticity. Empirical evidence is weak, but a reasonable fallback

position is to assume that the overall elasticity of travel is -1.0 with respect to
price. Because time and the associated congestion charges would amount to roughly
one-third of the total cost of travel to the automobile operator, a price elasticity
of -.33 was used for adjusting the vehicle volumes in response to the congestion
charges. Although the results are not highly sensitive to this parameter, it is of
considerable importance in any given traffic situation for the ealculation of the
correct toll charge. In the aggregate, biases toward overestimating the optimal
charge at one v/c level are more or less balanced by compensating biases at other

levels because of the interdependencies between demand periods.

The elasticity parameter was used as if the demand curves by v/c level were
independent of each other, whereas in fact the demand at one level is highly affected
by the price charged at nearby levels. Although there is no doubt that an increase
in price in one demand period increases the demand in other periods, even the most
complex travel demand models do not handle these relationships and the quantitative
understanding of interdependencies between demand periods is insufficient to justify
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attempting to incorporate it. There is some average elasticity that will give the
serne aggregate results as the more complex model, and there is no reason to assert

thet the complex form would be more accurate using currently available data.

Estimation Procedure. The sequence of steps used to produce Figure A-23

crn be summarized in terms of Figure A-22 and the previous discussion:

(1)  FEstimate the vehiele volumes of traffic that do or will
oceur on each functional system in one year.

(2) Convert the volume estimates into passenger car equivalent
(PCE) volumes.

(3) Estimate the distribution of PCE volumes by congestion
(v/e) levels for each functional system.

(4) Construet a volume-delay curve for each functional system,
and estehlish the user price (including time) for each v/e
level (the intersection of the initial or observed volume
with the demand curve, in Figure A-22).

(5) Estimate the adjusted volume resulting from efficient pricing
using the marginal cost curve derived from the volume
delav curve, and an elastieity.

(6) Caleulate the congestion charge as the difference between
marginal and average variable cost at the adjusted volume
(v/c) level. Also calculate the revenues that would be raised,
the delny savings, and the loss of consumer surplus.

(7)  The charge, stated in dollars per PCE-mile for a v/e level
on & functional system, ean be translated into a per-vehicle-
mile user charge for a specific vehicle by multiplying its
PCT valve by the per-PCE charge rate associated with

the road end conditions,

Passenger Car Equivalents. Both the equivalent single axle load (ESAL)

concept and the passenger car equivalent (PCE) concept were developed for the
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purpose of measuring the capacity (weight or volume) of a highway in standard

units. The need for such measures derives from methods of highway design. By

means of equivalency factors, different mixes of vehicle sizes, weights, and performance
characteristics in the future traffic stream can be transformed into the standard

units, allowing a common design procedure to be used for a variety of vehicle mixes.

Because these measures are rooted in the design of capacity, care must be

exercised in using equivalency factors for purposes other than those intended:

(1) The concept employed for design purposes may not always be compatible
with the concept suitable for the measurement of cost, especially variable
cost.

(2)  The empirical measurement of the concept as used in traffic or
pavement engineering may constitute a modified implementation of the
concept.

Although both ESALs and PCEs are useful units for measuring cost, there are points

at which both the concepts and their operational measures differ between engineering

design and economic cost.

Tables of PCEs have been used for several decades, and recent research has
confirmed at least the general magnitudes of the factors (PRC Voorhees, 1981;
Sequin et al., 1982; Cunagin and Messer, 1982). For a vehicle of a given size and
power-to-weight ratio, its PCE is a function of the type of highway (two-lane or
multilane), grades (steepness and length), the amount of traffic (volume-to-capacity
ratio), and the mix of trucks in the stream. Because of the design emphasis, the PCE
factors apply only at capacity, but because design levels of service encompass the
full range of actual usage levels, this is not a practical limitation on the use of
estimated PCEs.

Three concepts of vehicle volume equivalency have been generally used in the

past:
(1) Equivalent Delay. When a vehicle of a specific type is added

to a traffic stream, the number of passenger cars
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that must be removed from the stream in order to hold
constant the total vehicle hours of travel expended by the
stream is the PCE for the specific vehicle type, under the
particular conditions.

(2) Lagging Headway. The distance between the rear bumper

of the specific vehicle and the rear bumper of the preceding
vehicle is taken to be the effective amount of road space
occupied by the specific vehicle.

(3) Relative Overtakings. The distribution of desired speeds for

the specific vehicle and highway conditions of interest is

matched against the distribution for a stream of only

passenger cars. The ratio of overtakings by passenger cars of

the specific vehicles ralative to the overtakings that would

oceur for the same volume of passenger cars is the PCE for

the specific vehicle type.
The equivalent delay or "time consumption" approach is entirely consistent with the
economic concept of vehicle interference. In principle, the marginal contribution of
a specific vehicle to a traffic stream, relative to the passenger car standard, is the
number of passenger cars displaced by the vehicle so as to leave total delay
unchanged. Any ripple effects are included, and a vehicle which causes headways to
decrease due to speed reduction is still awarded its correct PCE. The "space
consumption" approach requires that all traffic effects of a vehicle be contained in
the distance between it and the vehicle ahead, which ignores such impacts as

increased spacing of following vehicles due to visual obstruction.

Empirical measurement has relied heavily on the third method or, more
recently, computer simulations that replicate experimentally any combination of
vehicles and conditions. The results of these analyses must be judged against what is
reasonable from experience and what is consistent with known relationships, keeping

in mind
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that the absolute impact of a passenger car (the standard) ehanges with conditions.
Some of the patterns are these: '
- Larger and heavier vehicles have higher PCEs than small
and light (relative to their power) vehicles.
- The steeper the grades (primarily up), the greater the difference
between the performance of heavy vehicles and standard
cars.
- The greater the number of lanes, the smaller is the impact
of heavy vehicles on the stream.
- The higher the volume of traffic relative to capacity, the
greater is the impact of heavy vehicles on the stream.
- The (relative) marginal impact of an additional heavy vehicle
on a traffie stream with many trucks is less than the same
vehiele's impact on a stream with few trucks. On steep
grades, however, heavy vehicle PCEs are roughly constant
over vehicle mixes, or increase slightly with higher percentages
of trucks.
- Conditions that generate very high PCEs (e.g., mountainous
two-lane roads with heavy congestion) are rare in practice,
so that the quantitative importance of precisely accurate
PCE values is small.
- PCEs for congested urban highways, where vehicle interference
is a major cost of highway travel, are generally low (under
3), implying that all vehicles contribute to total delay in
roughly similar magnitudes (even a factor of two, of course,
is a significant difference for calibrating interference charges).
- An important area of uncertainty lies in estimating PCEs
for vehicles on urban non-interstate highways, where intersections,

turning movements, property access, and numerous unique
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conditions make empirical estimation difficult. In such
situations, capacity itself and hence v/e ratios are hard

to determine accurately.

Figure A-24 shows PCEs generalized for three vehicle types and average

terrain conditions over extended highway segments (HCM, 1965).
Accidents

Highway accidents cause personal injury and property damage. Personal
injury may be completely reversible, given sufficient medical treatment and time,
or it may leave some permanent injury, or it may result in fatality. Property damage
may occur to vehicles, contents of vehicles, road structures, or property that is
not part of the roadway. Costs of accidents include emergency treatment and police,
administration of the private insurance system, and adjudication of liability claims.
Accidents occur between vehicles, between a single vehicle and some inanimate

object or non-human animal, and between vehicles and pedestrians or vehicles and

cyclists.

For damage to private property and minor personal injury, the costs of restoration
are fairly well reflected by private markets, and the insurance system arranges
to assign responsibility and pay the costs. For major personal injury and fatalities,
the basis for valuation is more obscure and the private insurance system may ignore
some costs and misjudge others. Damage to public property is frequently not counted
in damage payments, and public service costs are not covered. In addition, marginal
cost may be substantially different from average cost even when total costs are
exhaustive. This leads to three categories of acecident cost that require attention:

(1) Public service costs, which are covered in the Administration

and Services category above;
(2) Private costs that are overlooked by the insurance system

but are a consequence of highway travel; and
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FIGURE A-24

Generalized Passenger Car Equivalents

Terrain Level Rolling Mountainous
Level of Service A B-C D-E A B-C D-E A B-C D-E
volume/capacity .3 .5-.7.8-.95 .3 .5-.7.8-.95 .3 .5-.7 .8-.95

FREEWAYS AND EXPRESSWAYS

Pickups & Vans 1.0 1.1 1.2 1.0 1.1 1.2 1.1 1.2 1.4
utility vehicles

Single Unit Trucks 1.1 1.2 1.5 1.2 1.3 1.7 1.3 1.5 2.0
(2 axles)

Single Unit Trucks 1.1 1.3 1.6 1.2 1.4 1.8 1.5 4.0 5.0
(more than 2 axles)

Buses 1.1 1.3 1.6 1.2 1.4 1.7 2.0 5.0 6.0

Combination Trueks 1.1 1.4 1.9 1.2 1.6 2.2 5.0 8.0 9.0

URBAN ARTERIALS

Pickups and Vans 1.0 1.1 1.2 1.0 1.1 1.2
utility vehicles

Single Unit Trucks 1.1 1.2 1.5 1.2 1.3 1.7
(2 axles)

Single Unit Trucks 1.2 1.4 1.8 1.3 1.5 2.1
(more than 2 axles)

Buses 1.2 1.3 1.6 1.4 2.0 3.0

Combination Trucks 1.4 1.7 2.5 2.0 3.0 4.0
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FIGURE A-24 (cont'd)

Generalized Passenger Car Equivalents

Terrain Level Rolling Mountainous
Level of Service A B-C D-E A B-C D-E A B-C D-E
volume/capacity .3 .5-.7.8-.95 .3 .5-.7.8-.95 .3 .5-.7 .8-.95

TWO-LANE RURAL ROADS

Pickups and Vans 1.1 1.2 1.4 1.1 1.2 1.5 1.3 1.8 2.3

recreational vehicles
Single Unit Trucks 1.2 1.3 1.3 1.8 2.0 2.2 1.5 2.1 2.8

(2 axles)
Single Unit Trucks 1.5 1.5 1.5 2.5 3.0 3.0 6.0 6.0 7.0

(more than two axles)
Buses 2.0 2.0 2.0 3.0 4.0 4.0 6.0 6.0 6.0

Combination Trucks 3.0 2.5 2.0 4.0 5.0 5.0 7.0 10.0 12.0

TWO-LANE URBAN STREETS

Pickups and Vans 1.1 1.2 1.4 1.2 1.3 1.5 1.3 1.6 1.7
utility vehicles
Single Unit Trucks 1.2 1.2 1.2 1.6 1.6 1.6 2.0 2.0 2.0

(2 axles)
Single Unit Trucks 1.6 1.6 1.6 2.5 2.5 2.5 7.0 7.0 7.0

(more than 2 axles)
Buses 2.0 2.0 2.0 4.0 4.0 4.0 6.0 6.0 6.0

Combination Trucks 3.0 3.0 3.0 5.0 5.0 5.0 10.0 10.0 10.0

Sources: Highway Capacity Manual, 1965; PRC Voorhees, 1981; Seguin, et al.,
1982; Cunagin and Messer, 1982; some figures are interpolated from
sources.
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(3)  Under- or overpricing that results from a deviation between
average user cost and marginal social cost.
All other accident costs are assumed to be paid by the user in at least approximate
accordance with the expected risk the user creates.

Marginal versus Average Accident Costs. When a vehiele hits a pateh of

ice and slides into the ditch, or the driver falls asleep and runs into a tree, the average
or expected cost of the accident is the same as the marginal cost. If all costs not
suffered directly by the driver are covered by insurance, the insurance premium
represents the expected value of the accident. There is no difference between

the cost to the operator and the cost to society. When an aceident involves two

or more vehicles, however, the principle of paying for all costs that could be avoided
leads to a counterintuitive result: for an accident in which either one of two drivers
could have prevented the accident by not using the highway, the marginal cost for
each driver is the total cost of the accident:—/ Liability for the accident is immaterial;
if the driver who is "not at fault" had stayed home and thereby avoided the accident,
then the costs of the accident are just as much a consequence of his or her decision

to make the trip as they are a consequence of the driver supposedly at fault.

To the extent that accidents ecould be prevented by more than one person,
efficient user charges will recover more than the total costs of aceidents. It might
be inevitable that a drunk driver will hit somebody, and one victim is substitutable
for another; the accident will not be avoided except by removing the drunk driver.
Those who "cause" accidents are more likely to be involved in an accident, and
efficient user charges should include this factor. For cases where it takes two
vehicles to make an accident, however, the marginal cost for either vehiele (and
hence the efficient price) is the total cost of the accident. Because an aceident
is, in part, a random event, the price is based on expected values rather than actual
accidents.

*
/ This argument is from Vickrey, 1969.
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As long as the level of traffic is high enough to permit the possibility of
two or more vehicles having an accident, some kind of congestion charge to equate
marginal cost with price paid is potentially applicable, even though there is no detectable
delay or increased operating cost. Thus there are two reasons why the marginal
accident cost for a given vehicle may be higher than the average cost paid by the
vehicle: the marginal cost for each vehicle is the total expected cost of accidents,
not just a portion, and each vehicle added to the traffic stream increases the probability

of accident.

Traffic Volumes and Accidents. Empirical analysis probably requires that

the functional relationship between traffic volumes and accidents be separated

from the expected cost per accident, i.e.,
$/VMT = $/accident x accidents/VMT

where the costs may be disaggregated by type of accident and by type of vehicle

or vehicle mix. The relationship is compounded somewhat, however, by the interaction
between v/c and the cost per accident. Fatalities are less likely in slow moving,
congested traffic streams, making the number of accidents greater but the cost

per accident lower. If fatalities are valued somewhere in the $300,000 range, the
benefits of reduced speed from congestion outweigh the costs of more accidents,

for some speed and volume classes (Stoner and Marshall, 1981). Depending upon

the evidence available, separating accidents into types may be sufficient to alleviate

this problem.

Effects of Different Vehicle Types. The marginal cost of accidents for a

given vehicle is the incremental accident costs that will oceur from adding that
particular vehicle to a given traffic stream. Each vehicle should pay the costs
that could be avoided were that vehicle to be removed from the stream. All other
things being equal, the cost of an accident decreases with increases in the size

of a car, for the same accident, but such costs are likely to vary systematically
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with both the type of vehicle being considered and the mix of vehicles in the traffic
stream. Adding a light passenger vehicle to a flow of heavy trucks may increase
accidents costs much more than the addition of a heavy truck, in part because of

the differences in performance characteristries between light and heavy vehicles

and in part because of the vulnerability of the light vehicle to damage from heavy
vehicles. A similar rationale might apply to the addition of a heavy truck to a stream
of passenger vehicles. With respect to the costs of accidents among vehicles, there
may be diseconomies from disparate vehicle types sharing the same facility, If

this is true, efficient prices for aceident risk will be higher (for the same vehicle)

the more inecompatible is the traffic stream.

Quantitative estimation of accident cost and vehicle volume relationships,
however, has not yet proved to be satisfactory. The share of total costs that arises
from multiple vehicle accidents is hard to discern and the complicating interactions
among vehicles are poorly understood. Attempting to combine these various effects
into marginal cost figures leads to results that are small in magnitude and not especially

plausible, so no tabulations have been incorporated into the user charge estimates.
Vehicle Operating Costs

Vehicle interference from congestion causes inereased fuel consumption
from forced speed changes, and increased tire and vehicle wear from speed changes
and braking. At speeds over approximately 45 mph, reduced speed tends to reduce
fuel consumption and tire wear per vehicle mile, but these effects are offset in
part by the involuntary stop-and-go nature of the speed reduction. Operating costs
as a function of running speed have been extensively tabulated, but the speed-change
effects of congestion are hard to quantify. As yet, the figures presented here do
not include this factor.
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NEGATIVE EXTERNALITIES

Much thought has gone into policy alternatives for dealing with externalities,
across both theoretical and practical dimensions. Many apparent conflicts have
been reconciled, and misconceptions corrected, to the point that a coherent conceptual
structure is readily available. The distinctions that are important for guiding highway

user charge design and estimation are outlined below (Baumol and Oates, 1975).

Efficient Externality Charges

Negotiated Rights Versus Pollution Taxes. The overall objective in correcting

externalities is to incorporate them into market processes, i.e., internalize them

so that individual consumption and production decisions will take the real social
costs into account. One approach has been the Coase-Buchanan-Turvey negotiated
settlement strategy, which depends upon an initial assignment of property rights
and market mechanisms for exchange of these rights. Rights can be in the form

of authority to generate a given level of pollution or freedom from pollution greater
than a set level. An important conclusion from this line of thought is that efficient
resource allocation (including pollution levels) will result without regard for the
initial distribution of property rights. The alternative approach is a Pigouvian tax,
which proposes that sources of pollution be taxed or fined according to the amount
of damage created. Producers of externalities will then have the incentive to find
both the cheapest way to reduce the externality and the socially efficient amount

to produce.

A critical limitation of the negotiated rights approach is that it requires
participation by all parties affected by the externality, including sources and receptors.
If the decision (the price and the amount of externality) needs to be made frequently
(e.g., every time a vehicle passes a house) or the number of persons affected is large

(e.g., highway users and adjacent landowners), then the negotiation strategy
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is not a realistic practical possibility. It is important, however, to articulate a
current distribution of property rights that is regarded as fair and to compensate
owners for windfall losses in property value that result from increases in noise,

fumes, and other negative externalities.

The imposition of a Pigouvian tax is necessary when large numbers of persons
are involved, and such a tax could be implemented as a highway user charge. Depending
upon whether the externality is depletable or non-depletable, the tax should either
be used to compensate those who absorb the externality or go into the publie treasury.

Depletable and Non-depletable Externalities. Some externalities operate

like a public good: consumption of the externality by one recipient does not reduce
the amount available to others. Polluted air ecan be breathed by few or many persons,
without affecting the amount of polluted air available, so that the disbenefits of

air pollution are increased if dense residential development oceurs alongside highways.
This perception has led to the proposition that the recipients of pollution should

be taxed (so they will avoid the pollution) as well as the producers, but this is incorrect.
For the requirement to be satisfied that each individual be faced with the marginal
cost of his or her action, no tax or payment is needed for the recipients of non-
depletable externalities because they already face the marginal costs of their actions.
They will protect themselves efficiently because the consequences of their actions
are already internalized. Only the producers need to be taxed in order to equate
private costs with social costs.

Depletable externalities are less common in connection with highways, and
the compensation side more awkward. For emissions of lead, asbestos dust, tire
and other particulates, and litter, the amount that is absorbed in one place reduces
the amount that must be absorbed elsewhere. As is true for the producers of externalities,
the costs of reducing the externality are less for some than for others. Thus, efficiency
can be aided by paying those receptors who will absorb the pollution at least social
cost. For highway user charge purposes it is not essential that a compensation
mechanism be established in order for efficient effluent charges on users to be
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effective, but it is nonetheless necessary to know how the various depletable externalities
are both directly and ultimately absorbed, as well as the costs incurred by each

receptor.

Joint Production. For practical purposes, it will always be true that at least

one way of reducing an externality will be to reduce the level of output of the associated
activity, e.g., vehicle travel. In the case of strict joint production, where the mix

of output between the desired activity and the externality is fixed, the only way

to reduce the externality will be to reduce output. At the other extreme is the

situation in which it is always cheaper (less outlay or less loss of benefits) to reduce

the externality by some means other than reducing output. No obvious cases of

either extreme apply to highway travel, and the typical situation is one for which

reducing output is one of several means of reducing the impacts of the externality.

Dollar Valuation of Externalities

In principle, the marginal cost of an externality should be based on the loss
of utility for all persons impacted. Anything less implies that some affected individuals
would be willing to pay more to remove the externality than the producers gain
from producing it. If producers find that the charge for producing the externality
is greater than the cost of not producing it, then the producer's action to reduce
the externality will result in lower damage plus control costs for society as a whole.
Thus there is normally an actual level of damage plus control costs and an ideal
or efficient level that is lower. Externality charges should be based on actual damages,

although prices based on optimal control can sometimes be substituted.

In practice, there are three strategies for estimating externality costs:
(1) Damage Costs. Where damage takes the form of treatable

medical injuries, damage to property in the form of physical
destruction or dirt, loss of agricultural production, and

similiar effects where restoration is reasonable and market
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(2)

(3)

prices reflect social costs, actual expenditures are a good
measure of the value of damage. Lost earnings and other
opportunity costs must be imputed. Some of the problems
with this approach are uncertainty about the magnitude
of the impacted population, uncertainty about whether
the expenditures result in more than or less than than true
restorations, and uncertainties about the degree to which
the expenditures can be attributed to the specifie source
of pollution.

Revealed Preference. Surrogate markets can sometimes

be used to reveal how much willing buyers would be willing

to pay to avoid a particular externality. Some effects of
noise, air pollution, and danger to nonusers are sufficiently
localized to allow buyers of real property, renters of residential
of commerical property, or pedestrians to demonstrate

the amount of money or time they would be willing to forego
in order to be free of the externality. Because the choices

are normally made in packages in which the components

of the transaction are not broken into separate prices, deriving
prices from revealed preferences depends upon multivariate
statistical analysis.

Optimal Control Costs. If the optimal control program

could be estimated or were known, then the reduction in
damage from the existing to the optimal would be at least
as great as the costs of achieving the optimal. For example,
if EPA ambient standards are optimal, then compliance
costs constitute a lower bound on the value of the damage
currently occurring that is above the standards. There

is obviously some tautology here, because the optimal control
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program depends in part on knowing the value of the damages
from failing to control the externality. Another problem

is valuation of the residual levels of externality that will
exist after the optimal control program is in effect, because
these residuals should also be included in efficient user

charges.

Whatever the method used, some compromise is inevitable between the objective
of measuring marginal cost and the empirically easier means for calculating average
cost. There is probably a significant difference between the marginal and the average
variable costs of externalities, but currently available data and methods tend to

measure averages for subsets of conditions rather than true marginal cost.

Air and Water Pollution

The same toxic materials may wind up as air pollution or water pollution
or both, at different stages in their production and diffusion. Two essential characteristies
of air and water pollution resulting from highway usage are the physical nature
of the pollutants (gasses, particulates, solutions) and the natural (rather than market)

processes by which they travel from the sources through the environment.

Models of pollution. A general schematic model of pollution is shown in Figure

A-25, indicating four steps in the analysis of pollution costs:

(1) Determination of emissions as a function of vehicle characteristics,
road type, traffic volume and mix, and climate.

(2)  Analysis of the transmission, diffusion, and transformation
of pollutants after they are emitted and until they impact
receptors.

(3) Documentation of the impacts of various types of pollutants
on various receptors.

(4) Valuation of the impacts on receptors and attribution of

the costs to units of output.
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Figure A-25. GENERAL MODEL OF POLLUTION IMPACTS
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Environmental scientists have constructed numerous mathematical models
of steps one, two and three, and environmental economists have directed attention
to step four. The ties between steps are often weak or missing, however, and many
significant gaps remain. Current knowledge is easier to synthesize qualitatively
than quantitatively, but ranges of values have been obtained for dollar costs of

several kinds of highway emissions (Haugaard, 1981).

Only variable -osts are of concern in this study, so that environmental or
neighborhood impacts that occur as a consequence of constructing a highway but
are not changed by the amount of usage — i.e., effects that occur whether or not
the highway has any traffic — are ignored in the following discussion. A listing

of the major air and water pollutants from highway users is given in Figure A-26.

Emissions and Micro-Scale Conditions. Emissions rates in grams per vehicle

mile for the five major pollutant groups (carbon monoxide, hydrocarbons, nitrogen
oxides, sulfur oxides, particulates) have been tabulated for six vehicle categories

in Figure A-27. These give averages over vehicle types and ages within the category,
and make prototypical assumptions about condition and tuning of the vehicle, type

of fuel used, average speed, weather and temperature, and altitude of operation.

Actual emissions for a specific vehicle will depend upon these factors and others.

Pollution Levels. Ambient pollution levels are related to emissions, but

also to many meteorological and topographic variables, as well as the presence

of other pollutant sources. Hydrocarbons and nitrates combine in the presence

of sunlight to create oxidants, a constituent of smog. Some pollutants are toxie
only when accumulated in heavy concentrations, usually in geographically limited
areas (e.g., carbon monoxide); others are accumulated over large regional airsheds.
For several reasons, it is necessary to deal with large aggregates and then assign
shares of "causality" to individual vehicles. This assignment cannot be more than
approximate, although such an approach tends to balance out the disparities, i.e.,

a vehicle overcharged in one place may be undercharged in another.
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FIGURE A-26.
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Autos
Pickups
Motorcycles
Heavy Duty
Gasoline
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Heavy Duty

Diesel
Vehicles

Autos
Pickups
Motorcycles
Heavy Duty
Gasoline
Vehicles
Heavy Duty

Diesel
Vehicles

FIGURE A-27

Vehicle Pollutant Emissions Rates for 1977

(grams/mile)
co HC NOx SOx  Particulates
53.10 7.58 3.77 .13 .47
68.05 12.16 4.79 .18 W47
28.0 5.66 .25 .03 .19
184.89 31.43 12.04 .36 .40
28.7 4.6 20.9 2.8 1.3

Vehicle Pollutant Emissions Rates for 1985

Particulates

(grams/mile)
co HC NOX SOx
15.44 2,72 1.75 .13
31.61 5.90 3.93 .18
27.63 7.18 .26 .03
145.79 15.36 12.47 .36
28.7 4.6 20.9 2.8

Source: EPA (1977), Appendix D.
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Damage Costs. The approach most commonly followed to estimating air

pollution costs is to estimate damages with respect to what would have occurred
without the pollution and place prices on those damages. Three kinds of damages

are included for this study: human health (mortality and morbidity), materials (soiling,
physical deterioration), and vegetation (crops, ornamentals). Health impacts are
estimated using regression analysis of epidemiological data for urban areas. Costs

of health impacts are made up of medical bills and loss of earnings due to illness

or premature death. Materials damages are based on deterioration properties and
aggregate damage estimates for 32 kinds of materials, and the total costs allocated

to different pollutants. Both regression analyses and plant surveys have been used

to estimate damages to vegetation, for 77 crops plus shade trees and other ornamental
trees and shrubbery. Total damage costs from all sources of the pollutants considered

are shown in Figure A-28.

Most of the pollutants emitted by highway users also come from other sources,
and there is no way of knowing which source caused which damage. The strategy
used to assign pollution costs to vehicles was to convert the costs into per-gram
units (Figure A-29) and multiply by the applicable emissions rates to get the cents-
per-mile charge for a particular vehicle. Using Figures A-27 and A-29, an average
automobile travelling 10,000 miles per year in an average urban area creates damages
at the rate of .62 cents per mile or approximately $62 per year. A diesel truck
in urban travel creates costs at a rate of 1.6 cents per vehicle mile. These numbers
are rough averages, and the actual contributions to damage costs of the same vehicle

under different eonditions appears to be subject to wide variation.

Water pollution. Highway users generate pollution that finds its way into

watercourses as well as into the air. The approach used for the analysis of air pollution
would seem to be applicable to water pollution as well, but little empirical research

has yet been carried out.
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FIGURE A-28.
Aggregate Air Pollution Damage Costs from All Sources
($ 1981 millions)

co HC NOx
Health 1629.2 4278.2 8544.4
Materials 226.9 1868.7 8049.7
Vegetation 205.1 205.1 20.9
Source: derived from Haugaard, 1981.
FIGURE A-29.

Air Pollution Damage Cost Rates
(¢ gram 1981)

co HC
Health .00158 .01583
Materials .00025 .00765
Vegetation .00076
TOTAL
Urban .00183 .02375
Rural .00048

NOx

.03798
.03958
.00091

.07789
.00058

Source: derived from Haugaard, 1981.
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9106.8 6675.9
15533.5 5144.3
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Asbestos, lead, particulates, road salts, and petroleum residuals are among
the water pollutants with origins in highway usage. Some are deposited on the highway
and washed into streams and rivers by rainfall. Some end up in lakes and oceans,
some in the soil. Used crankecase oil is often poured out onto the ground by do-it-
yourself auto mechanics. De-icing chemicals applied to streets in the winter are
injurious to roadside vegetation and accumulate in streams and lakes. Costs may
occur in the form of destroyed or stunted vegetation, polluted water supplies, loss
of fish and wildlife, and some of the same kinds of health and materials damage

that are caused by air pollution.

Although there is no serious doubt in regard to the direction of impact of
highway usage on water pollution, and the magnitude of the impacts are probably
significant, insufficient evidence currently exists to attempt to estimate efficient
prices. Water pollution, then, is an omitted external cost in the results presented
in this report.

Noise

Sources of highway noise include tires moving over pavement, engine exhaust,
operation of engines and related equipment, friction of brakes shoes on drums or
dises, air brake operation, transmission and drive train friction, and horns. Propagation
of noise is quite well understood, and measures that attenuate undesirable sound
can be evaluated with respect to their effectiveness. The impacts, however, of
types of noise, their frequency spectra, repetitiveness, background levels, time
of day, and other factors, is less well understood. Noise can cause hearing loss,
interference with conversation and sleep, increased tension and nervousness, and
reduced benefits from radios and phonographs. Medical costs and control costs
can both be considered in evaluating noise effects, but revealed preference studies
using property value data have provided the best information to date.
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Noise Emissions. The measurement of noise is fundamentally the measurement

of energy and is implicitly a rate. Thus a particular vehicle operating under given
conditions produces a volume of noise that can be metered at a given location;

if the conditions are stable, the reading will be constant. The numerical scale is
arbitrary, but the scale widely accepted and used is the decibel (dB) scale. For

noise affecting humans, the energy level of each frequency can be weighted in proportion
to the sensitivity of the human ear to the frequency, and the resulting measure

is referred to as A-weighted decibels (dBA). Additional factors affecting the impact
of the noise, and hence its measurement, are its repetitiveness, duration, and time
of day. Sudden loud noises are generally more annoying that the same energy spread
more uniformly over time, and noise at night is more objectionable than daytime
noise. The Leq scale translates total noise over a given period into a single steady-
state noise equivalent, and the Ldn scale weights nighttime noise more heavily

to get a day—nigh'i(/equivalent scale. The measure used in this study is the Leq form
of the dBA scale.—

In measuring highway noise, the most important variables for describing
source levels are vehicle volumes, percentage of trucks (medium and heavy), and
the speed. Stated crudely,

sound level = (vehicle volume)x(emissions per vehicle)/distance
with the emissions per vehicle measured at a given speed and a distance of 50 feet.
Relationships of this sort allow noise contours to be estimated for different source
characteristics, and distances. Figure A-30 shows noise emission rates for three
vehicle types relative to the emission level of the standard passenger car, based
on & noise emission standard of 86 dBA (EPA has proposed a standard of 75 dBA).

Figure A-31 shows the estimated costs per vehicle mile of these emissions.

Attenuation and Abatement. Propagation and transmission of noise can

be controlled in three kinds of ways: reduce emissions at the source, erect barriers

*®
X/ Results given here are based on original work by Hokanson, et al., 1981,

which relies heavily, in turn, on Nelson, 1978.
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FIGURE A-30

Noise Passenger Car Equivalence Factors

Emissions
Standard
(dBA) Vehiele Class 55 mph
86 Autos 1
Medium Trucks 12
Heavy Trucks 30

Source: Hokanson, et al., December 1981.

FIGURE A-31

Noise Costs per Vehicle Mile for Urban Highways

($ 1981)

Vehiele Type

Medium
Functional System Auto Truck
Interstate $ .0006 $ .007
Other $ .0012 $ .017

Source: derived from Hokahson, et al,, 1981.

A-105

Heavy
Truck

$ .020

$ .065



between the source and adversely affected receptors, and insulate buildings so as

to reduce interior sound levels, With present vehicles, road designs, building construction,
and related conditions, the most cost-effective method for reducing sound levels

appears to be emissions controls, but the efficient noise level to be sought is still

subject to debate. Figure A-32 suggests a general model for addressing the problem

of noise damage estimation and noise abatement.

Noise barriers have been designed and constructed in a variety of locations
and with a variety of designs and materials. The costs of such barriers can be readily
related to the amount of noise reduction, but the evaluation of noise barriers is
complicated by the related visual impacts. Many residents and property owners
sheltered, or proposed to be sheltered, by noise barriers have expressed the opinion
that they find the solution worse than the cure. Hence the approach of using control

costs as some quantitative bound on damage costs has not so far been workable.

Receptors and Damages. Several studies have undertaken careful statistical

analyses of residential property values as a means for extracting the noise component
of the price of a housing unit. By comparing sales values for a variety of properties
on a variety of characteristics, including noise, the willingness to pay for a noise-
free environment can be estimated. The best estimate is -.4% of market value

per dBA (Leq)' This rate, annualized and estimated in 1981 dollars for urban areas,

works out to about $21 per housing unit per year as the cost of one dBA of noise.

Interpretation of decibel levels is somewhat subjective, but acceptable levels
for various purposes have evolved with experience. A steady level of 90 dBA quickly
leads to hearing loss and is considered intolerable except for unusual industrial
conditions under which it is more effective to provide workers with protectors.

A level of 55 dBA outdoors can interfere with sleep indoors with the windows closed,
and EPA has established 60 dBA as the level at which not more than 20% of the
affected population will be "highly annoyed." For the estimates of damage reported
here, 55 dBA was taken as the base from which to measure "excess" dBA, implying
that noise levels below that do not cause significant damage. Obviously, a zero

noise level is neither feasible nor especially desirable.
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Figure A-32. NOISE GENERATION AND IMPACTS
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It remains then, to estimate the number of receptors affected above the
threshold, and by how much they are affected, for each functional system. Considering
only urban areas and only residential uses, the results are determined by the vehicle
volumes and the density of residential units within the distance bands that experience
excess dBA. For urban Interstates, the results average out to roughly .3 cents per
vehicle mile, with the large variation among vehicle types shown in Figure A-31.

No allowance has been made for commercial activities impacted by noise impaets.

A deeper problem that has also not been treated is the degree of nonlinearity
in the relationships. An additional vehicle added to an already noisy street may
cause little marginal damage even though the average impact is substantial. As
with air pollution, there is a dose-response relationship such that some portion of
the population is highly sensitive to impact and another portion is largely insensitive.
The assumption here is that the types and levels of noise impacts from highways
are such that the middle sensitivity group is the one affected and the relationship

is approximately linear over the relevant range.
EFFICIENT CHARGES FOR PROTOTYPICAL CONDITIONS

Of the variable costs listed in Figure A-17 as relevant to the construction
of efficient user charges, six have been quantified to the point of dollar estimates
under some limited sets of average conditions: pavement repair, pavement user
costs, administration, excess time delay, air pollution, and noise. Pavement damage
and congestion delay are the costs of major significance, the others being small
as per-vehicle-mile rates. Of the costs not estimated in cents per vehicle mile
of travel, accidents looks to be the only category that might lead to a substantial
increase in user charges if more were known about causal relationships. Other

marginal costs may be large in the aggregate but small in relation to VMT.

Nine vehicle types have been selected for illustration in Figure A-33, matching
the salient vehicle characteristies to the conditions under which they might be
operated. The rural auto causes little pavement damage because of light axle weights,
it encounters little congestion so causes little delay, and the externalities it generates

are easily diffused and impact few people. Such a vehicle is probably overcharged
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FIGURE A-33 (cont.)
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by a small amount, because fuel taxes and registration fees are largely insensitive

to urban-rural locations and congestion. At the other end of the auto scale, an

urban commuter travelling during peak periods contributes noticeably to both congestion
and pollution. Another example is the suburban van or pickup, which generally
avoids congested and polluted areas and is still too light to affect the pavement,

but is nonetheless being undercharged by a factor of roughly four. A medium truck
travelling in lightly congested urban areas incurs a mix of costs that includes damage
of light pavements and significant negative externalities. The typical five-axle
combination tractor-semitrailer operating entirely on heavy duty pavements in rural
areas creates damages about half again greater than its user charge payments, while
the same vehicle operating on urban Interstates generates costs over five times its
estimated payments. Considerable guesswork lies behind these examples, and the
specific conditions listed and implied may not be average for vehicles in the class

represented.

The second page of the figure portrays four medium and heavy vehicles that
have unusual characteristics with respect to cost impacts, but the vehicles and
conditions are not necessarily uncommon. ESAL factors shown in the Figure assume
that the vehicle is loaded to its legal limit. An urban transit bus and a local moving
van or hauling service truck are similar in that they apply a moderate amount of
weight to the pavement through two axles and generally a total of six tires. They
also contribute to congestion and pollution. As with all of these vehicles, their actual
average current user charges are heavily conjectural, because disaggregated data are
very limited and states and localities impose widely varying types and levels of user
charges. Urban transit buses generally pay no user fees. The next vehicle described
is a heavy three-axle truck such as a concrete mixer, which can have a severe impact
on light or medium duty roads. Its user fees are estimated to be somewhat higher
than the average on a vehicle-mile basis because whatever fixed fees it pays are
spread over a relatively modest annual mileage. Third on the list is an extremely

destructive vehicle that might be a bulk agricultural hauler
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exempted from weight limits, a lumber truck, a coal hauler, or an illegally overloaded
combination truck. The source of the damage is a very heavy load distributed on

too few axles. Finally, a large twin trailer or double-bottom is represented by the

last example, and its costs are quite modest for the conditions assumed for it.

Because no accident cost relationships are contained in the component cost estimates,
the potential contribution to accidents of this especially long vehicle has been ignored.
The same would be true for triple-bottom combination trucks. For all of these

vehicles, the efficient user charge estimates are very sensitive to the assumed
fourth-power relationship between axle weight and pavement damage, and the distribution
of gross weight to axles. Thus the precision of these large per-mile user charge
estimates should be regarded as low. It is quite likely, however, that some vehicle-
and-road combinations ereate damages that are both far from the average and untouched

by existing user charge structures.
REVENUES AND EFFICIENCY GAINS

Because the estimation of efficient prices starts with the individual vehicle
under particular conditions (e.g., road strength, congestion levels), the total revenues
that would be generated are obtained by adding up all the charges to each vehicle
for each type of operating condition. A heavy truck operating ten percent of its
mileage on light duty roads and the rest on Interstates would pay a different user
charge than an otherwise identical truck operating half its mileage on light roads.
Total revenues would change if any vehicle, or group of vehicles, chose to operate
under different conditions. There is no overall "budget" that is being spread over
highway users so as to raise a given amount of revenues. Efficient user charges
are determined at the microscopie level, and total revenues depend upon summing

the charges to each user under each set of operating conditions.
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Current Operating Conditions

Highway mileage by functional class, and annual VMT by vehicle class, have
been extensively tabulated for many years. Strength and condition of the existing
road mileage, and the usage of each functional elass by each vehicle class, are less
precisely known. Congestion levels, including those creating only modest delay,
are also not well documented. This information is improving but it has not previously
been used for estimating efficient user charges, and definitions and data collection
methods are sometimes not easily adapted.

In this study, efficient user charges were estimated for representative prototypes,
weighted to match the averages and distributions of characteristies that apply to
the existing system and its users. Even if the correct user charges were known
with certainty, there would be a large degree of error in estimating total revenues
just because of the need to estimate averages of actual operating conditions.

Demand Response to Different Prices

Another source of error in the revenue estimates is the amount by which
usage of the highways will change in response to changes in user charges. The elasticities
used for construeting the revenue estimates assume that the elasticity with respect
to the total cost of travel is -1.0. Thus, if the component being priced (e.g., travel
time) amounts to about thirty percent of the total vehicle operating cost, the price
elasticity for that component will be -.30. This does not mean that an overall inerease
in price of, say, ten percent will result in a decrease of ten percent in the freight
or passengers moved; nor does it generally imply a reduction of ten percent in either
axle (ESAL) miles or vehicle (PCE) miles. It does mean an approximately ten percent
drop in output as measured along the actual expansion path of output, but none
of the efficient user charges apply directly to this output. Henece the choice of
elasticities is more judgmental than empirical, and better empirical information
is needed.
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As was mentioned in connection with vehicle interference, no explicit adjustments
were made for interaction effects between interrelated demands. In reality, off-
peak demand will be increased by efficient charges that raise peak-period prices,
and the demand for moderately loaded axles will increase if the charges for heavy
axles are increased more steeply than moderately loaded axles. ESAL-miles would
decrease with higher axle weight charges, but axle miles would probably increase,
i.e., approximately the same ton miles would be carried on more axles. Vehicle
miles at high levels of congestion would decrease, but total vehicle miles might
stay the same (shifting the travel to uncongested periods) or passenger miles might
stay the same while vehicle miles decreased (higher occupancy). Demand responses
to changes in price depend upon both how highly valued the essential travel is, and
what alternatives exist for satisfying that demand while reducing consumption of
the factor that is being priced. The evidence available for estimating these elasticities

is scanty, and reasonable guesses are about the best that can be done.

In simplified form, the procedure for estimating the revenues from efficient

prices consisted of these steps:

(1) Estimate correct prices for each component for each vehicle
class for each functional system.

(2) Combine the components in each output dimension, pavement
repair and user costs affecting the ESAL-mile charge, and
travel time, externalities and administrative costs affecting
the PCE-mile charge.

(3) Estimate 1981 PCE-mile and ESAL-mile travel by vehicle
class and functional system, and current variable user charge
(primarily fuel tax) rates.

(4)  Apply the relevant elasticity to travel by vehicle class and
functional system, to obtain adjusted PCE volumes and ESAL
miles.

(5) Calculate the revenues that would be raised by the efficient

prices at the adjusted output quantities.

A-114



The results for each of the two dimensions of output are shown in Figures
A-34 and A-35. Axle-weight revenues would come more than proportionately (to
VMT) from the Interstate and other primary systems, because that is where the
heavy truck VMT is concentrated. This pattern is less than offset, in the aggregate,
by the fact that lower level functional systems are much more susceptible to pavement
damage from heavy axles. Vehicle inteference charge revenues would be derived
predominantly from urban non-Interstates, although all systems would generate

some amount of these revenues.

Total revenues, according to these scenarios, would be well over $60 billion,
which is roughly twice the amount currently raised by all user charges at all levels of
government.i/ The revenues would also be substantially greater than the roughly $50
billion currently spent each year on the highway system by all levels of government
for all purposes, but not as much as the annualized capital replacement cost of the
entire existing system (over $100 billion if it is assumed that the government has to
obtain a market rate of return on funds invested in highways). Efficient prices, then,

could be primary mechanisms for financing highway expenditures.
Efficiency Gains

As mentioned above, the net benefits from more efficient prices are called
efficiency gains or welfare gains. The nature of the gains depends upon the output
and the changes contemplated, but inefficiencies stem from either too low a price
(marginal costs of some portion of consumption exceed the marginal benefits) or too
high a price (users are deterred even though the benefits would exceed the costs). A
generalized example was shown in Figure A-15, in which the price to users lies below
the cost curve. The shaded area represents the net loss from incorrect pricing, or the

gains in efficiency that could be obtained by shifting from incorrect to correct

*/

almost $80 billion, but this addition may overstate revenues to the extent that ESAL

Summing the revenue totals for both output dimensions yields a figure of

charges deter some PCE travel, and vice versa.
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FIGURE A-34

Revenues from Efficient Pavement Damage Charges
($ 1981 billions)

Vehicle Class*

1 2 3 4 5 Total
Current VMT 21.11 27.09 28.57 30.35 6.21 113.33
Current ESAL-VMT X .61 7.79 28.33 59.55 28.20 124.48
Adjusted ESAL-VMT .61 7.35 24.99 50.21 16.81 99.97
Revenues by
Functional System
Interstate .02 .26 1.27 2.98 1.21 $ 5.74
Arterial 1 1.22 3.80 5.16 1.12 $11.41
Collector .03 .38 1.00 2.06 .63 $ 4.10
Local 05 60 1.33 1.8B4 37 $ 4.19
Total Revenues $ .21 $2.46 $7.40 $12.04 $3.33 $25.44
Efficiency gain $ .0 $ .10 $ .74 $ 1.83 $2.30 $ 4.96

* Vehicle classes are based on average actual ESALs per vehicle mile, not on axle
configuration or visual type.
ESALS per
Class vehicle mile HCAS classes
1 under .1 6,9,13,31,35
2 .1 to .5 4,5,10,11,14,18,21,24,27
3 S5 to 1.5 12,15,16,19,28,32,36,37,38
4 1.5 to 3.5 17,22,25,29,30,33,34
5 over 3.5 20,23,26
Omitted 0 1,2,3,7,8
b Vehicle miles of travel by medium and heavy vehicles, in billions annually.
* %

ESAL-weighted VMT, adjusted in anticipated response to efficient prices, in billions
annually.
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FIGURE A-35

Revenues and Efficiency Gains from PCE-Mile Charges
($1981 billions)

Functional Rural Urban
System Interstate  Other  Interstate Other Total
*
Current VMT 134 539 159 688 1,521
Current PCE-VMT _ 157 593 181 730 1,662
Adjusted PCE-VMT 153 581 165 663 1,563
Total Revenue $1.54 $4.09 $6.53 $41.82 $53.98
L X 2 3
Average revenues 1.01 .70 3.96 6.30 3.48
% %k ok
Efficiency gains $ .08 $ .15 $ .68 $ 4.74 $ 5.65
E 3
1980 vehicle miles of travel on U.S. highways, in billions annually.
% %k
VMT transformed into PCE-VMT and adjusted in response to the congestion toll
using an elasticity of -.33, in billions annually.
* %k %k
Average revenue per PCE-VMT, in cents.
% %k %k %

Net benefits in the short run from imposing efficient PCE-mile charges, including
delay savings, pollution and noise reduction, and loss of consumer surplus, measured
in billions of dollars annually.
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pricing. In this instance, the incremental costs to society of the additional output
are greater than the inecremental benefits to the users. In the reverse case, where
price is higher than marginal costs, the incremental benefits of greater output exceed

the incremental costs.

The caleulations already made in estimating efficient prices, existing prices
and travel, and adjusted PCE and ESAL outputs, allows for the calculation of efficiency
gains. For each vehicle class, functional system, and output dimension, the shaded
area is computed as if it were a triangle; the method is the same whether the existing
price for the specific conditions is above or below marginal cost. Results have
been aggregated and included in Figures A-34 and A-35. These estimates are, of
course, another degree less precise than the estimates upon which they are based.
The effort should be regarded as no more than a pilot attempt to develop quantitative
measures of the extent of resource misallocation associated with highway user

charges that are not ideal from the perspective of the efficiency criterion.

Current usage, user charges, and modeled cost functions, as used to construet
the efficiency gains, summarize what is known about the costs and benefits of highway
usage. Left unspecified are the exact forms by which benefits are realized and
costs are avoided. It is possible to suggest, however, what the gains might consist
of. For a reduction in ESAL miles, the costs avoided are pavement repair and the
user costs resulting from rough pavements. The benefits lost would probably be
negligible, in that most of the shipping would still take place but in vehicles that
had more axles for the amount of weight carried. Overloaded three-to-five axle
single units and combinations would decrease, and either more vehicle miles would
be covered by the same vehicles or more miles would be covered by doubles and
triples. This would entail additional operating cost and/or user charges to the trucker,
so some of the costs of doing less pavement damage would be transferred to shippers

and consumers, but in a way that net benefits from travel would increase.
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Along the PCE dimension, the benefits are primarily travel time savings.
Congestion creates a "deadweight" loss, in this ecase in the form of passenger time
spent in travel that produces no useful result. Some travel time is necessary to
produce a trip, but the excess delay does not increase the value or amount of output,
namely the trip. The only purpose served is to ration the amount of vehicle capacity
available among those willing to pay for it. Without a PCE-mile charge, or congestion
toll, the payment is in excess delay time, a resource that has value to society but
is used up in congestion, to no gain. With a congestion charge, the payment for
vehicle space is in money, which is nothing more than a transfer from the viewpoint
of society as a whole. No valuable resources are consumed other than those required
to actually impose the charge, yet the revenues can be used for highway capital
improvements or other valuable purposes. Incentives created by a congestion charge
are all favorable with respect to resource allocation: non-urgent trips ean be deferred
to non-peak periods, high occupancy vehicles have an inherent advantage the greater
is the congestion, and individuals are left to their own free will as to how to respond
to the scarcity implied by the peak-period price.

Efficiency gains represent better uses of resources, and are likely to be quantitatively
small in comparison to total expenditures or revenues. The resources consumed
in pavement repair resulting from an overloaded truck are not wasted, for example;
the truck derives benefits even while damaging the road. The gains in efficiency
come from discouraging that vehicle when the benefits to the trucker are less than
the costs of the damage. It is often difficult to distinguish between revenues and
expenditures, on the one hand, which represent flows of resources, and efficiency
gains (or losses) on the other, which constitute net benefits from a rearrangement
of the flows. These efficiency gains are significant because the highway system
is such a central and integral part of the transportation system and the economy
as a whole.

Long Run Efficiency Gains

Efficiency gains in the long run come from investing or disinvesting until

the capital stock itself is optimal. In a first-best world, the marginal social benefit
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from a dollar of investment in all activities would be equal, because otherwise resources
could be reallocated to increase total net benefits. The highway system, the steel

industry, the railroads, ete., would all be scaled to their most productive capacities.

If an approximation of this first-best world can be practically achieved,
it is through a sequence of benefit-cost calculations for alternative investments
in both private and public sectors. Although we can hope this process will take
place, its outcome cannot possibly be forecast with present information and tools.
Instead, a technique identical to the one used for short run efficiency impacts can
be constructed, using demand, cost, and current price. For the long run, full average

costs and prices are needed, plus a demand curve that represents long run demand.

The analysis shown in Figure A-36 estimates travel demand under current
prices and also under the imposition of highway user charges high enough to bring
total travel price up to the level of long run marginal cost (assumed to be equal
to long run average cost for this case). The prices include vehicle wear and operating
costs, vehicle capital costs, and travel time. The overall price elasticity of travel
is assumed to be equal to -1.0, with highway user charges forming an inescapable
component. If some of these charges are levied indirectly through excise taxes
(such as on fuel), it is additionally assumed that the rates necessary to impose the
correct price do not create significant economic distortions (e.g., trucks are not

inefficiently fuel efficient).

The results show an efficiency gain on the order of $15 billion per year.
Implicitly, the gains come from redeploying some resources currently used in highway
transportation to more productive purposes. No clue is provided as to what these
other purposes are, or why they are more productive. The conclusion is based solely
on the observation that pricing below cost leads to too much output and the welfare

triangle whose magnitude we just estimated.
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Figire A-36. POTENTIAL EFFECTS OF LONG RUN COST RECOVERY
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In the short run, the net costs of inefficiency represented by the welfare
triangle are conceptually robust, consisting of excess travel time and pavement
damage on highways. In the long run, the aggregate analysis just carried out above
is a significant degree less conclusive. To regard the $15 billion as an efficiency
gain it is necessary to assume that there are no scale economies (long run average
cost is constant, and thus equal to long run marginal cost) and that price is equal
to short run marginal cost. Because efficient prices vary with vehiele type and
levels of congestion, the efficient long run price is a whole set of charges and not
a single number. Thus the equivalence of short and long run marginal cost must

be interpreted as an average of efficient prices weighted by VMT.

There is also no necessity for efficient prices to result in efficient investment
in the long run. The hypothesis that foreing full cost recovery from users will stimulate
cost-beneficial investment may be a persuasive one, but this result is more & matter

of faith than theorv.
Methods for Collecting Efficient User Charges

It is the nature of efficient prices that they are more costly to collect than
lump sum "taxes" that do not depend upon the amount or actual characteristics
of consumption. Only the weight-distance and fuel tax (and a few minor excise
taxes such as on tires and parts) vary in any direct relationship with the amount
of use a vehicle makes of the highways, and the relationship of the fuel tax to either
ESAL- or PCE-related costs is negligible. To impose anything approximating efficient

highway user charges, new pricing instruments will need to be developed.

For axle weight charges, attention can be focused on the small proportion
of vehieles falling in the heavy weight classes, because light vehicles create relatively
little damage. A weight-distance tax (based on actual loaded weight and actual
distance) would transfer relatively unproductive efforts at weight limit enforcement

to the more effective purpose of collecting appropriate user fees from heavy trucks.
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With weigh-in-motion scales beginning to reach the point where no interference
in the traffic stream is required, the feasibility of a high-yield weight-distance
charge at the state level is quite promising.

For congestion charging, the collection costs are probably higher, and the
need for national coordination would be substantial. Resistance to congestion pricing
has always been great, most especially among administrators and users of the highway
system. The image of myriad toll gates seems to spring to mind. In fact, a wide
array of technologies are available for the purpose, and few involve toll collection
of the toll booth form. At the very crude end of the scale are parking surcharges
graduated by time of day, and peak tolls on selected facilities. Exelusive-use lanes
for high occupancy vehicles, and area licenses that require display of a speecial permit
to be in congested areas during peak periods, are some of the intermediate methods.
At the high-technology end, the hardware for automatically metering each vehicle
for the amount of time it spends in congested areas is not especially demanding
by current standards. The problem is in generating the consensus necessary to apply
it.

The administrative costs of implementing more efficient user charges should
unquestionably be given proper consideration in choosing how far to go in this direction,
and certainly the gains from better pricing will not outweigh the costs of obtaining
them in many sets of circumstances. There are situations, however, where large
efficiency gains (as well as substantial revenues) could be obtained for relatively
little cost, and these possibilities should not be dismissed as infeasible without giving

them serious consideration.
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APPENDIX B

USER FEE OPTIONS AND ALTERNATIVES

INTRODUCTION

This appendix expands on several of the topies discussed in Chapter III. The
contents include a review of current tax rates, their changes from 1979 through
1981, a brief review, by State, of highway revenue sources other than user fees
and general fund revenues, a discussion of revenue attribution techniques for first,
second and third structure taxes, and finally a discussion of existing reciprocity
and proration agreements. This appendix is intended to provide the analyst with
more detail on these topies than Chapter III, yet will not be a comprehensive coverage

of these issues. The interested reader will have to explore the references provided.

CURRENT USER FEES

CURRENT STATE PRACTICES

Motor Fuels

In almost all cases State motor fuel receipts are the largest single highway
revenue source. Fuel tax rates per gallon vary from zero, in some cases for special
fuels, to 17¢ per gallon. Figures B-1 through B-3 contain information on the various
State practices with regard to motor fuels. Table B-1 is data for 1983, B-2 and
B-3 are for 1982.

As highway funding needs have outpaced revenue sources there has been

a tendency to rely on increases in motor fuels taxes to provide the needed funds.
Figures B-4 through B-6 clearly indicate this trend, for the years 1979-1981. Also
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apparent in these figures is that States accelerated the pace of adjustments to

these rates over the period.

One form of adjustment that is apparent in these Figures is that some States
that previously relied on fixed rate taxes chose to adopt variable, ad valorem, type
taxes. This feature automatically adjusts for changes in inflation, which was a
major cause of the shortage between revenues and highway needs. Figure B-T7 lists
the States that, as of January, 1984, had variable tax rates as all or part of the
basis for fuels taxes. Figure B-8 provides total revenues from motor fuels, by State,
for 1982. While the purpose of indexing has been to allow for a painless upward
adjustment in user fees, any drop in fuel prices will result in a parallel drop in fuel
tax revenues. One remedy for this potential drop is to establish a floor below which

the rate cannot fall.
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FIGURE B-1

STATE TAX RATES ON MOTOR FUEL - JANUARY 1, 1984
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FIGURE B-1 (CONT.)

BALES TAX

STATE
PIRCENT AEMARKS

ALABAMA 4 APPLIES TO NONHIGHWAY USE OF DIESEL FUEL.
ARKANSAS 3 APPLIES YO GABCHOL DALY,

CALIFORNIA 4.78 APPLIES TO SALES PRICE INCLUDING FEDERAL AND STATE WOTOR-FUEL TAKES.

LOCAL GOVERNMENTS ABSEBS AN ADDITIONAL 1.28K EXCEPT IR BAV AREA THE RATE
I8 }.70K, FROM JARUARY |, §8D3 THADUEH OECEMBER 31, 1837 TMIRL (8 A

3 CENTE PER BALLON GASOHOL TAR EXEMPTION.

CEORGIA ] A glCOIg MOTOR-FUEL TAX APPLIES TO SALES PRICE INCLUDING PRBPERAL MOTOR-
UEL TAX,

HAWAL] ¢ APPLIES TO BALES PRICE EXCLUDING FEDERAL ANB STATE WMOTOR-FUIL TAKES SUY
GASOHOL I8 ENEMPTED.

L INC!S ] APPLIES TO SALES PRICE EXCLUDING FEDERAL AND STATE MOTOR-FURL TAXES.
MOST LOCAL GOVERMWMENTE ARBESE AN ADDITIONAL IR TAX. GABDWOL I8 TAXED
AT l: F#DN JANUARY 1, 1904, THROUGH OECENBER 31, 1992, AND AT 8X
THEREAFTER.

INDTANA [] APPLIES TO BALES PRICE EXCLUDING FEDERAL AND STATI MOTOR-FUEL TAXES.
GASONOL I8 TAXED AT 2K URTIL JULY 1, 1984 AND AT 1K THEREAFTER.

KAKSAS 3 STATE BALES TAX AND 1.BS MANIMUM OF CITY AND COUNTY BALEE TAXES ARE PAID
ON AVIATION FUEL WNICH I8 ROT SBUBJECT TO REFUND.

MICHIGAN 4 APPLIES TO SALES PRICE INCLUDING FEDERAL MOTOR-FUEL TAX EXCEPT FOR THOBE
WHO HAVE A BALEIS TAX ENEMPTION CERTIFICATE.

MIgsSissire! 8 APPLIZS TO SALES PRICE INCLUDING FEDERAL AND STATE MOTOR-FUEL TAXES.

NEW YORK 4 APPLIES TO SALES PRICE INCLUDING FEBERAL NOTOR-FUEL TAX. LOCAL SOVERN-
MENTS ASBESS ADDITIONAL TAX VARVING FAOM LXK TO 4B.

TENMESSEE 0.033 APPLIES TO RETAIL SALES OF GABOLINE, DIESEL PULL, AND MOTOR OILS. IN
AbblY%Ol. V:OLIIALI SALES OF GASOLINE AND DIESEL FUEL ARE SUBJECT TO
TAX AT 8.01688X.

VIRGINIA ? APPLIES TO RETAIL SALES WITHIN A COUNTY OR CITY WHICH 1S A MEMBER OF ANY
TRANSPORTATION DISTRICT IN WHICH A WEAVY RAIL COMMUTER MASS TRANSPOR-
TATION SYSTEM OR A BUS COMMUTER MASE TRANSPORTATION SYSTEM IS OWNED
AND OPERATED BY A TRANSPORTATION AGENCY.

WEST VIRGINIA 8 APPLIES TC THE AVERAGE WHOLESALE PRICE AB DETERMINED AMMUALLY 8Y THE TAX
COMMISSIONER. MHOWEVER THE PRICE CANNOT BE SET AT LESS THAR 87 CENTS PER

CALLON.

1/ OWMERS OF VEWICLES REGISTERED IN THE SYATE PAY AN ANNUAL DECAL FEE IN LIEU OF A GALLONAGE TAX.
EXEMPTION FROM STATE MOTOR-FUEL TAX PROVIDED ALCOHOL WAS MADE IN THE STATE FROM AGRICULTURAL
COMMODTTIES PRODUCED WITHIN THE STATE. 1IN VIRGINIA, ALCOHOL MUST ALSO BE ODISTILLED IN A PLANT THAT DOES NOT
USE NATURAL GAS OR A PETROLEUM BASED PRODUCT AS A PRIMARY FUEL. IN MICHIGAM, IN ADDITION TO THE ABOVE
PROVISION, THE GASOHOL TAX RATE 1§ 14 CENTS PER GALLON [F ALCOHOL IS NOT PRODUCED WITHIN THE STATE OR IN A
STATE WHICH PROVIDES AN EQUIVALENT TAX REDUCTION FOR GASOHOL CONTAINING ALCOHOL PROCUCED IN MICHIGAN.
2/ EXCISE TAX ON ALCONOL FUELS (ETHANOL OR METHANOL) CONTAINING NOT WORE THAN 18X GASOLINE OR ODIESEL
FUEL IS ONE-MALF THE RATE OF THE USE FUEL TAX FROM JANUARY 1, 1982 UNTIL JANUARY 1, 1909,
&/ A “GROSS RECEIPTS TAX™ 15 ASSESSED IN CONNECTICUT (2X), NEW YORK (2X), RHODE ISLAND (1%}, VIRGINIA
t3X), AND PENNSYLVANIA (6X),
8/ “VARIABLE TAX." AMATES ARE DETERMINED AT VARIOUS TIMES OF THE YEAR.
RATE CONSISTS OF A FINED RATE OF 4 CENTS PER GALLON PLUS A 8 PERCENT BALES TAX APPLIED TO THE
AVERAGE RETAIL PRICE OF MOTOR FUEL ESTABLISHED ANNUALLY BUT PRESENTLY $1.148 PER GALLON.
2/ COUNTY TAX OF & TO 6.3 CENTS PER GALLON IS ALSO ADDED.
/7 COUNTY TAX OF 3.8 CENTS PER CALLON IS ALSO ADDED BUT EXEMPTED FROM SALES TAX.

8/ A 2X SURTAX IS I[MPOSED ON FUEL PURCHASED FOR ANY VEHICLE WITH 3 OR MORE AXLES IN KENTUCKY AND A t
CENTS PER GALLON SURTAX 1S IMPOSED ON FUEL PURCHASED FOR ANY INTERSTATE PROPERTY VEHICLE WITK 3 OR MORE AXLES
IN VIRGINIA.

19/ IN NEW MAMPSHIRE A $10.00 DECAL IS REQUIRED FOR ALL DIESEL VEHICLES.

11/ RATE APPLIES JULY I, 1983 THROUGK JUNE 30, 1984. FROM JULY 1, 1984 THROUGH JUNE 30, 1983, TAX wiLL
BE 12 CENTS PER GALLON. GASOHOL CONTAINING ETHANOL PRODUCED FROM AGRICULTURAL OR FORESTRY WASTE PRODUCTS OR
av-PRCTTTS IS TAXARLE AT THE RATE OF 7 CENTS PER GALLON FROM OCTOBER 1, 1983 THROUGH JUNE 30, 1985. FROM
30. 1992, THE TAX ON ALL GASOHOL WILL BE 7 CENTS PER GALLON.

NOED W!TH RECOVERED OIL OR AGRICULTURALLY DERIVED ALCOKOL 1S TAXED AT 9 CENTS PER

DED 35 CENTS PER GALLON FOR EACH QUALIFIED FUEL (ETHANOL AND METHANOL) THAT IS
CINEL

= TA¥ 1S PAID BY USERS FOR VEKICLES NOT UNDER TKE JURISDICTION OF PUBLIC UTILITIES COMMISSION.

T-C_ £S5 JUNTER JUPISCICTION OF PUBLIC UTILITIES COMMISSION AND PAYING MOTOR-CARRIER FEES ARE EXEMPT FROM

CF TeESE TANES.

GASOHD. TAX WAS ESTASLISHED AT 6 CENTS PER GALLON UNTIL JUNE 30, 1985 UNLESS A $5 MILLION CEILING ON
VENUES WAS REACSED.  THE CEILING WAS REACHED PRIOR TO JANUARY |, 1983.

TTIVE JULY 1. 1983, GASOHOL EXEMPTION IS A VARIABLE RATE WITH MAXIMUM OF 5 CENTS PER GALLON.
PAYE 1S SET QUARTERLY TO LIMIT THE TOTAL YEARLY EXEMPTION TO $10,.850,000.

c§D RATE DOES NOT TAKE EFFECT UNTIL STATE CERTIFIES THAT THERE IS A PLANT IN UTAH PRODUCING AT
40 L 1ON GALLONS OF METHANOL PER YEAR FOR COMMERCIAL USE (ALSO APPLIES TO ETHANOL).

BIITi0N TO THE 12.5 CENTS PER GALLON MOTOR FUEL TAX, THERE IS A CONSUMER SALES AND SERVICE TAX

A5 0N ; z
07 4.8% CENTS PER GALLON.
20 A FEE OF j.1 MILLS PER TON-MILE 1S LEVIED IN LIEU OF GALLONAGE TAX ON DIESEL FUEL AND L.P.G.

B-4



FIGURE B-2
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FIGURE B-3
STATE TAXATION OF SPECIAL FUELS
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Arkansas
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New Hampshire
Pennsylvania
South Carolina
South Dakota
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Washington—
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FIGURE B-4

1979 STATE MOTOR-FUEL TAX INCREASES

Rates
(eents per gallon)

8.5 to 9.5 Gasoline
10.0 to 11.5

8.5 to 10.0 Gasoline
10.0 to 11.5

.0 to 11.0 Gasoline
0 to 9.0 Diesel

8.0 to 9.0 Gasoline
10.0 to 11.0

9.5 to 10.5All Motor Fuel
10.0 to 11.0

9.0 to 11.0 All Motor Fuel
9.0 to 10.0 All Motor Fuel
8.0 to 9.0 All Motor Fuel

11.0 to 12.0

—" Rate change via automatic adjustment mechanism.

Table MF-2, Highway Statistics, 1979, FHWA, Washington, DC.
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Remarks

Diesel

Diesel

Diesel

All Motor Fuel

All Motor Fuel



FIGURE B-5

1980 STATE MOTOR-FUEL TAX INCREASES

Alabama Tax increased from 7 cents to 11 cents per gallon effective August 1, 1980.

Indiana* Tax converted from a unit tax (8 cents) to 8 percent of average
retail price before taxes. The tax has a ceiling of 12 cents in
1980, 14 cents in 1981, and 16 cents in 1982 and thereafter.
The rate (determined twice a year by the Revenue Department)
was set at 8.5 cents per gallon effective January 1, 1981.

Kentucky* Tax converted from a unit tax (9 cents) to 9 percent of average
wholesale price with a minimum of 9 cents per gallon. Tax may
not exceed 13.5 The ratio is determined quarterly by the Department
of Revenue. Tax set a 9 cents a gallon effective January 1, 1981.

Massachusetts* Tax converted from a unit tax (8.5 cents) to 10 percent of average
wholesale price. The rate initially set a 9.9 cents and was 9.8
cents effective January 1, 1981.

Minnesota Tax increased from 9 cents to 11 cents per gallon effective May 1, 1980.

Nebraska* Tax increased from 10.5 eents to 11.5 cents per gallon effective
October 1, 1980. In addition, a 2-percent tax may be levied based
on the average cost of gasoline to the State. The combined rate
of 13.6 cents per gallon effective January 1, 1981.

New Mexico* Tax increased from 7 cents to 8 cents per gallon effective July
1, 1980. The tax will automatically increase by 1 cent per gallon
for each 10-cent increase in the average wholesale price of motor
fuel, but cannot exceed 1 cent a year or a total tax of 11 cents
a gallon.

South Carolina  Tax increased from 9 cents to 11 cents a gallon effective October
1, 1980.

South Dakota Tax increased from 9 cents to 12 cents per gallon effective April
1, 1980.
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FIGURE B-5 (CONT.)

1980 STATE MOTOR-FUEL TAX INCREASES

Virginia Tax increased from 9 cents to 11 cents per gallon effective July
1, 1980.

Wisconsin Tax increased from 7 cents to 9 cents per gallon effective May
1, 1980.

District of
Columbia Tax increased from 10 cents to 11 cents per gallon effective
December 1, 1980.

*Variable tax system

Source: National Governors Conference, Office of State Services, July 24, 1980,
Washington, DC.
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FIGURE B-6

1981 STATE MOTOR-FUEL TAX RATE CHANGES

Arizona* Effective January 1, 1982, the motor-fuel tax rate
increased from 8 to 9.6 cents per gallon until January
1, 1983. Thereafter, the tax rate will equal 8 percent
of the average retail selling price. (Note: Law later
repealed.)

California Effective January 1, 1983, the motor-fuel tax rate
increases from 7 to 9 cents per gallon. A local optional
penny per gallon authorized.

Colorado Effective July 2, 1981, the motor-fuel tax rate increased
from 7 to 9 cents per gallon; gasohol went up from
2 to 4 cents per gallon,

Delaware Effective August 1, 1981, the motor-fuel tax rate
inereased from 9 to 11 cents per gallon.

District of Columbia** Effective June 1, 1981, the motor-fuel tax rate increased
2 cents a gallon to 13 cents. The motor-fuel tax rate
will be automatically adjusted each year, beginning
in 1982, to reflect the change in the Consumer Price
Index.

Idaho Effective July 1, 1981, the motor-fuel tax rate increased
from 9.5 to 11.5 cents per gallon.

Indiang* * * Effective June 1, 1981, the motor-fuel tax increased
from 8.5 to 10.5 cents per gallon and remained in
effect until December 31, 1981. Tax changed to 10
percent of selling price up to $1 and 8 percent for
next 50 cents per gallon. Maximum of 14 cents per
gallon. Rate set at 11.1 cents per gallon (January
1, 1982).

Iowa Effective September 1, 1981, the motor-fuel tax rate
increased from 10 to 13 cents per gallon. Gasohol
increased to 6 cents until September 1983, thereafter
to be the motor fuel prevailing rate. Diesel increased
to 13.5 eents; to 15.5 cents July 1, 1982.

Kentucky* * 10.0 cents (January 1, 1982)
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Massachusetts* *

Minnesota

Nebraska**

Nevada

New Hampshire

New Mexico**

North Carolina

Ohio*

Oregon

Pennsylvania*

Rhode Island*

FIGURE B-6 (CONT.)

1981 STATE MOTOR-FUEL TAX RATE CHANGES

11.1 cents (January 1, 1982) floor set for ad valorem
tax

Effective June 1, 1981, the motor-fuel tax rate increased
from 11 to 13 cents per gallon.

13.9 cents (August 30, 1981)

Effective July 1, 1981, the motor-fuel tax increased
to 10.5 cents per gallon. The rate increased to 12
cents on July 1, 1982. Gasohol increased to 9.5 cents
per gallon July 1, 1981, and to 11 cents July 1, 1982.

Effective July 1, 1981, the motor-fuel tax rate increased
from 11 to 14 cents per gallon. The tax increase

expires June 30, 1983; gasohol increased to 9 cents

per gallon.

9.0 cents (July 1, 1981)

Effective July 1, 1981, the motor-fuel tax rate increased
from 9 to 12 cents per gallon; gasohol increased from
8 to 12 cents per gallon.

Effective July 1, 1981, an "added motor-fuel tax"
was imposed. By formula, the rate increased to 10.3
cents per gallon.

Effective January 1, 1982, the motor-fuel tax rate
increased from 7 to 8 cents per gallon. Further increases
were approved but defeated by voters in May 1982:

9 cents (July 1, 1982), 10 cents (July 1, 1983), and

11 cents (July 1, 1984).

Effective July 1, 1981, an Oil Company Franchise

Tax was imposed at 35 mills per dollar on highway
fuels and products sales. May add 2 cents to the price
of motor fuel

Effective June 1, 1981, the motor-fuel tax rate will

be computed at 10 percent of the wholesale price

of motor fuel, excluding Federal and State taxes.

The minimum tax is 10 cents a gallon. Rate established
at 12 cents per gallon (January 1, 1982).
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FIGURE B-6 (CONT.)

1981 STATE MOTOR-FUEL TAX RATE CHANGES

South Carolina Effective September 1, 1981, the motor-fuel fuel
tax rate increased from 11 to 13 eents per gallon.

South Dakota Effective April 1, 1981, an additional 1-cent per gallon
tax was imposed which will run through March 31,
1984. The motor-fuel tax is 13 eents a gallon and
gasohol was raised by 1 cent to 9 cents a galion.
The exemption of motor fuel from the State sales
tax was extended.

Tennessee Effective June 1, 1981, the motor-fuel tax rate increased
2 cents per gallon (7 to 9 cents). The diesel tax is
12 cents a gallon (June 1, 1981); LPG is 9 cents.

Utah Effective July 1, 1981, the motor-fuel tax rate went
up 2 cents to 11 cents a gallon. The gasohol tax is
5 cents less than the State motor-fuel tax rate.

Vermont Effective June 1, 1981, the motor-fuel tax rate increased
from 9 to 11 cents per gallon.

Washington* * ¥ For 6 months (July 1 thru December 31, 1981) the
motor-fuel tax rate was 13.5 cents per gallon. The
maximum rate will be 16 cents per gallon (formally
12 cents); the minimum rate is 12 cents. The annual
rate increase cannot exceed 2 cents per gallon. Rate
set at 12 cents (January 1, 1982).

Wisconsin Effective August 1, 1981, the motor-fuel tax rate
increased from 9 to 13 cents per gallon.

* New Variable Tax System,
** Rates changed by automatic rate adjustment system.
***Existing variable tax system given new maximum and minimum rates.

Source: State Tax Review, Commerce Clearing House.
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FIGURE B-7

STATES WITH INDEXED—*:/ OR COMBINED UNIT AND INDEXED
MOTOR FUEL TAXES AS OF JANUARY 1, 1984

Distriet of Columbia
Indiana

Kentucky
Massachusetts
Michigan

Nebraska

New Mexico

Ohio

Rhode Island

*

X/ These rates refer to indexed fees used for highway purposes. Fourteen States
also require a general sales tax on certain motor fuels which is not applied directly
to highways.

Source: Federal Highway Administration, Highway Statistics, Table MF-121T, 1984.
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FIGURE B-8
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Other Revenue Sources

While motor fuels are the major source of revenues, various other user and
non-user taxes also provide significant revenues for highways. Registration and
associated fees provide the next most significant source of highway user revenues.
Figure B-9 provides 1982 State revenue totals for various second and third structure

taxes.

Non-user revenues contribute roughly thirty percent of total highway expenditures.
These include general revenues and other sources. These non-user sources may

include a variety of taxes, as shown in Figure B-10.

To achieve desired cost-allocation goals it is probably necessary to employ
revenue sources other than fuels. The analyst is encouraged to look at the experiences
of States with third structure taxes and to explore taxes that are more efficient,

such as congestion and pollution charges.
REVENUE ATTRIBUTION AND COST RESPONSIBILITY COMPARISONS

Revenue attribution is an essential element of user-charge design if the
study is geared to achieving complex goals like efficient and equitable charges.
To assure that these goals are met, and others such as total revenue needs for that
matter, it is essential to compare cost responsibilities with potential user charge
contributions for alternative user charge schemes. This is particularly important
if changes to existing user-charge rates and structures are likely to depart significantly
from past practices (if there are close similarities between past and proposed tax

systems simple extrapolation might suffice).

To examine potential revenue eontributions by vehicle class a systematic
procedure must be adopted. This section elaborates on general approaches useful
for estimating first, second and third structure taxes. Other revenue forms may

require fairly detailed analyses and extensive judgment.

B-18



86T ‘so13sT3e3s AemybTy :oo0anog

“SISYR ATHINOW 03N3INNVLS ¥ MO

[
"SNITNIVY
YOLOW NO SIXVL TVIDI4T "7 SILviS INL A% GILWO4I¥ SIXVL u»;—uuu- nhonu 40 SQIIIONJ IHL ATNO $£30NTM]
MNHNT0Y STNL  “SILL1T11~ 21 19Nd WO SITHVINGD MOLLVAUOJSHVEL IV HO SIAVL ¥O $IAVL S3IVS 3iViS IvyiNae
HLIR NOILJINNOD H1 SU3ld¥vD ¥OLOW 40 S14[3I3¥ SSOUD JHL NO SIXVL IS04N] SIUVIS SNOWINAN /%

5001¥3d ¥Y3IA-OAL W04 SIVIGOMOLNY YILSIDIW NODIVO GNY SL1LISNHIVSSYM ‘WNYISINOT 'LIND1123NNOD /B
"SO0°ECS S¥WIIVIO "626°60L°C3 SINIAIYNION "BEI90L'SS
S¥ITIVUL CEZ9°CIZOPS SNONUL “L65'ZL28 SISNW “¢IEEII'911S SITIGOWOLNY ‘NOLONIHSYA {8/8'090°'§S
$31JAJV0LON "C6ZL0I°993 S¥INIVVL '(9Z'06E°S0CS SADNWL 'STL1°BEO°ZIS SISNT ‘CrP'znI’(Gss $11190NOLNY
CYIN¥OILIVD  :5A0TI04 SY JUY 3IPVL SIHL NI S334 NOTLVELISISI¥ HLIA 03ONIOND SLINNOWY JH1 “S3IXVL
W3ISN-0YO¥ 39 0L W3HL WI0ISNOD LON OC SILVIS OAL 3ML 40 S¥3ID14J0 IATIVYISININGY 3IHL ‘S3IXVL 3ISIHL
40 MISIYO0 3IHL 40 23SNVIIW  “NOLINIHSYA NI .S3XVL 3ISIOAI 3T1IIMIA YOLOW. AS OGNV 'YINYOJITYI NI .S334
ISNIDIT IVIIHIAL AD QIIVIIIV NIIW IAVN SITIIHIA VOLOW NO GIIAID ATUIWVOL SIXYL AL¥IJONd /T .
"$334

A1M¥34 WO ILYIII1L¥ID ¥IONA GIONTINT UV *SUITUUVI VOLON YIHIO ONY LOVNLINOD Ol SLIW¥I4 ININNOJISINNOI

ONY ‘SYIIWUYI NOWWOD OL ALISSIIIN ONY 3ONIINIANOD 30 SILYII311¥3D JO 3IINVASSI

$334 ONITIJ WO KOILYI1TddY  “SIXVL ISTHONVES ONY S334 ISNIDIT 1¥IDI4S WIONN QIANIONT AV 3IDIH3A

JH1 ¥0i 03¥INOIY

©379V1 STHL N1 3W3IHA3SIZ (IAVW043IU LON ONV SIVIDI 340 TWI0Y A8 OINIVLIIN ONY 031031103 Vav

LYRL SIDUVHI 3IJIAUIS JO SILIVHILISI Jd¥ NWNIOD SIHL N1 HMOHS SLNNOWY JHL “$333 ¥INL0 QNY NO11vuiSI93IN
Hl1A 030ATIDONT J¥Y SIBYVYHD 3SIHL 40 INOS  "SIDIANIS OILVid¥ UDJ ¥O "SISNIIL 1 .SHOIVHILO ‘SNOILYMLSININ
ONINSSI ¥OJ S3IDUYHD IIIAYIS G3R0TIV JUY SILVLS ANVK NI S¥3D1330 1¥I0Y MO ALNROD /B
TGIONTIONT LON WY S3ITAIY XYL S3IYS IWNINID ¥IONN GISOJWI S3IXVL ONIWIL “vidids /¥
TE-AN 3TAYL NI 0319043¥ SV SXOMNL LHOIT ¥04 $335 SIONTON] /T

.nu>otu¢ HINOW INO NVHL J¥OW ST ¥Y3IA NOTLVELSIDIN IHLI INIHA

"NIATY WV SL4132I¥ ¥VIA-AVANITVDY

THIALY 3¥Y S1d13IIW UVIA-NOLTLVELISIOIN

‘¥Y3IA YVONITVD 3IHL WO¥S GIAOWIY HINOW INO NVHL JNOW LON S1 ¥V3IA NOTAYWASIOIW 3IHL 3WINA /T
“378Y1 STHL NI _NAOHS S3XVL ¥IIN¥VI-YOLOW ONY 31DTHIA-UOLOW

FIGURE B

¥3d ILvd LVIJ ¥ 1V QISOJNI SIXVL ALIOVEYD ¥O IH313IA TVII34S 40 SO23J0¥d IHL 'IVH¥INID NI /T NV “T-4W 3IYL N] NAOKS ‘SIXVL 13INJ-YOLOW 30 ATIWYHINA ISISNOD SINNIAIN W3Sn-ovoy /T
SLT°9ETO | 950129 958°62 1278817 (11 SEY 6YZ v93°0t ss2°€9 26£°S8 (110 286 161 26L°EEY 169°626°S | 1%1°€¢ L 3T M 7%4 669°212°2 | 1£0°22 8S1'2EE‘E oL
006° vE L7348 ] 1912 - 662 ¢t - - - - 104 rez €91°21 601 12102 (178 ] zv (11884 SN IMOAA
es st srest - - - - - - - sy 6ED°21 226221 v00'1 92 679'0L re 6158y NISNOJSIA
e 96°9 - et - - - L1 1194 L8L'E z90°'s 6L6'0Y 6E€ (g0l 0zt £ zst'22 ViNIDWIA 1S3IA
e Le s08'01 612 iy s¥6°2 ° ’"t 00L°'S - ots srest 9E2'2L2 160°S €L9'01 960°66 e §20°281 /8 NOLONINSYA
vez'eil 99¢"y - - - - - et 0sr'o EZU'ES ore £z 896'0¢ ] YINISWIA
1eg 2y r80°S - - - - - - e LBE*Y L1861 962 113 I's 113 ANOWYIA
[ {1341 - - - Lt - - €2 - €L €9r° 91 EOE ”"%e ot 29 HYin
390°'c9s 15y 022 L 11 - - - (11} LEE 26 zs8° 11 8E9'25E 00t 0Lzt (118474 %6 SYX3L

e "e'z - - - (17384 - 212'E 289 me'e 26560 ey IISSINNIL
- - - - - - - 169 (1 24 o't [ 11081 o Yi0NVA HINOS
(11 : - - 258 - - - 21z '] 12 o1z'ez €02 VYHI0UYD Hinos
9812 s - - - - - - (1171 [:] 24 L Qis‘e & ONY1IS1 300NN
- - - - - - - €06 2¢ v06'2 B6E'S 206°€21 866 VINYATASNNIY
16 [T (21 M) [ 7734 1] - - - 656°6 (283 2599 150°21 01 NO93WO0
[T} tor'l - Len - (1134 ] - ser i 1€2'1 sez'et cve'or & YHONY 120
691 [T{ 3] oty - rsE° 61 - $80°¢ itese 9'e 1zt E3 13811 192 6a.'Ert 01H0
[14 Lot - (141 - - €212 0zs 120°¢22 (123 1986 " L9521 ViONVQ HiWON
- - - - - - - 11 289421 w001 €06'¢ 43 060°6r YNITOWYI MIYCK
ve6't - - sty - - - sor‘L srizve [T 29r's 192'1 11etset AdOA AIN
ozy - - w212 - - - 01°12 2001 sret22 173 1443 (14 928°c1 COIXIN AN
- 1951 - vor - - - - so0z'0t [TTTH 0E0'1 131 4 s26 S6r 6Lt AISUIC AIN
(1] reg't - - - - 298°¢ - o't 1IN 1] [11] ore [1] LEL° JUIHSINYN AIN
[133 - ”°®e 950°'9 - - €22 - r0z°t 69¢°6¢ 141 (11381 1] L0962 VOVAIN
0L (1 - - - - (3] - 114Nk 4 0z1'oy §rz [ 11 16t ‘2t VASVNEIN
zr 196 - - - - - szL'y (3] 02y'siL 1€E $00°2 0% me'te YNVLINON
- ots‘2 - - - - e - L5 28r' 46 [ 13 Y06'2 2%2 [ 3L 1] 1¥NOSS IN
tz2 (114 - - - - §09°'S - 9%¢'2 rSe‘or 12 (11 L 144 £62'6! 1d41SSISSIN
ezl - - - - - 199'¢ - [ 1183 18L 001 991 16442 £0C 14%°c6 ViOS INKIN
nac. - - - - - - 061°9 9L 012 I3l 0t €i0°6 01 riiezt MYSIHIIN
e SN N N IR PV ey I mew |t | I il W1
- - - - - - ‘ £ ANV IA NV
13 (11} - - - - 2y - o't s6L'42 129 r08°Q 13 8L 01 NI
:N. $2L'2 - - 62¢e'sS - 0%y - s09°s ‘ [ 133 109°'2 162 rzrol % vHVISINO1
“"\_. 4 _hu.u " (12281 - [13 28 - ezL ot sn_HN n.u.- uﬂonn ou a-n“o~ AXINANTN
- - - - - - t23:} ris b 324 wne SYSNVX
(11) "0 - - - - e - 2281 g8’ 1L (T8 3 ot 000° 0L YAO 1
[ 13 nnn“_ - - - P41 0 ] - - 600°¢ sttt L1108 4 o 80y 1t YNVIONT
vor'z - - - %6 6695 - 9ER'S v’y Liee i €Lo'art SI0MI1T1
k1 A4 - - (1134 34 - - rie - 2 :14 4 £ 13 ] °’ L08°'2 ONval
- - [ - - - [ 71 - (133 e [ 113 (12 209'51 1IVAVH
eot hov“u - - - ann“~ - - [ 11284 S (17341 (124 are‘e2 vYioNo1d
- e02't - - - | 73N ro2‘ot €912 Ei 18 1] (144 BEL'ZYE Yailvog
- 1§23 - - - (314 i te " ({1] szi'01 *703 0 "i1810
- - - - - - 00y [2 300 1 1gg°21 31 Jevnvile
b1 1z1'e - - - - 2692 sirzt €80'€Cy (113 ANJ1LITNNOI
.a-. - - ci9°t2 N 629°2 [ 11384 I123¢ 0§92t rort 011 04vu010)
208°1 - - - [ 12801 - - - - 020° 1§ Zig'gory o001 ({1387 13 1068°848 /A VINWOil V]
WL Lt ree't - - T - et iy - (123 £29'9 656'S§ [ 1103 nuo It 21 117 1 SYSNYINY
o! - - [ YA 24 - 161 ®wr'y - 1758°¢ "s't 99,°0L 009°1 [ 066° 21 yNOZ1WY
(14 - - - 101 et - 06 122 oco Tt 128 1 [ VASY IV
.uv [ 2] 16 - - 1t - L60°E ogr'1 - [ 11081 1or‘e TLLEY 1901 £ [ 11 wiviviy
ALIIVEVY X¥YL 311N Il 4 (SEVYIIXVL
T ¥0 -~YIMISSYL| SIxvi S$NO11337703 S314TYN34d lsd $334 - $3NA) S¥INIvEL $asng INIANTONT )
$314 PLLIE L ONY $141300Y 1v201 any SIXvi 31 40 S3ISNID -¥OLOK $31100M01N0V
$14192WY $i41303¥ 11W¥34 ¥O ITIN-NOL $s0¥Y *SINFYHI ST SNIVLIL 3iVII414¥3D] SN3IATWO $0NNL vis
wioL SNOINYY | IAWITIILWAD| /T SINVL ISININVYA ONV( “3OVITIN [uIlvevd 3I1A¥3S w1234s
-13351IW 5334 ISNIOLT IVIDI4S Q3LVW11S3 SITILHIA ¥INLO SIVINIA ¥OLOW
$334 ¥3HLIO /T $334 HOJAVNISIONE

CO8T wIM3ILYIS
I-AN 318V

(SY¥YI 100 4O SONVSNOM1)}

T86I - 81dIFDIN XV.I AJINYVI-NOLOW OGNV ITIIHIA-NOLOW 31VIiS

SININOS -ux»o nx( SILLINONLNY Bivis #0

$1¥043¥ WOws

ST YA TT)

B-19



FIGURE B-10

OTHER TAXES DEDICATED
TO HIGHWAYS — 1980

PERCENT
STATE SPECIAL TYPE AMOUNT  TOTAL STATE
OF TAX 1980 HWY. REVENUE

ARIZONA mineral leases $ 854,192 0.4
ARKANSAS severance tax 2,476,182

mineral leases 83,820 1.1
KANSAS mineral leases 445,710 0.2
KENTUCKY coal severance tax 33,194,680 6.5
MARYLAND corporate income tax 5,366,270 1.4
MASSACHUSETTS cigarette tax 17,600,000 4.4
MISSISSIPPI cigarette tax 5,005,540 1.6
MONTANA mineral leases 3,580,444

coal tax 1,786,708 7.0
NEW MEXICO severance tax 20,314,705 13.7
NORTH DAKOTA gas and coal production tax 4,580,022 6.7
OKLAHOMA oil severance tax 28,988,239 6.7
SOUTH DAKOTA game and fish license 221,525 0.3
WYOMING coal severance tax 16,361,000

mineral royalties (fed) 39,603,000 58.6
Source: "State Highway Finance Analysis Schedule: FHWA Form PR-533,"

compiled from information submitted annually by States (September 1981). "Highway
Statisties 1980," FHWA, 1982, Table SF-1.
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These formulas are also useful to provide the estimates of direct impacts
on highway users. Impact analyses are discussed in Chapter IV and Appendix C.
Impact estimates for various groups provide . valuable information on the economic
incidence of the alternative systems. This analysis may be particularly useful if
tax rates are to be changed without prior cost-alloeation analysis and guidance.

FIRST STRUCTURE TAXES

Registration and allied taxes are the prineipal first structure taxes. Each
requires a slightly different estimating approach, depending on the form of the
tax. Registration taxes levied either as a flat fee or as a graduated fee by vehicle
class or weight are the simplest form to compute. These can be calculated using

the formula:
T=F*¢t,
where T = registration tax revenue
= fleet size

= registration tax rates.

Caleulating excise on vehicle sales, registration fees and property taxes

assessed on the vehicle value imposes more complexity on required data and methods.

The general form for estimating these fees is

T=F*V*T,

where V = average vehicle value (assessed or purchase priced) and other
variables are as described above.
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With property taxes assessed on the declining vehicle value over time, V. may be

estimated as
- %1 -3\
vy i (1-d)’,

where superseript y refers to the vehicle's vintage
(0 represents new vehicles),
d is the depreciation rate
(often preseribed in revenue department rules),

and other variables are as above.

As an example, property or excise taxes levied on the assessed value of a five year
old vehicle might be computed as follows. If the original assessed value is assumed
to be $10,000 with a preseribed depreciation rate of 20 percent per annum and a
tax rate of $25.00 per $1,000 valuation (i.e., 2.5%), then per vehicle assessments

would be,

T =F*V_ *t,or
T :F*(\io*u—d)y*t),

For a single vehicle F =1, s0
T = $10,000 *(1 -.2)°* 0.025
= $10,000 * .32768 * 025

= $81.92.

Total acecumulated revenue by vehicle class is simply the product of tax revenues

by vintage and fleet size.
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SECOND STRUCTURE TAXES

Taxes assessed on fuel or other items consumed with vehicle travel, such

as tolls, can be estimated as follows:
T =VMT *CR * t

where VMT = vehicle miles of travel,
CR = consumption rate (e.g. gallons per mile or toll charge per mile),

and other variables are as above.

Separate assessments should be made for gasoline and diesel (and other special
fuels) since the consumption rates are different. It should also be kept in mind

that both eonsumption rates and mileages vary over time. These should be reflected
in any forecasts. For example, to assess fuel taxes for a vehiele travelling 10,000
miles per annum with a fuel econsumption rate of 20 miles per gallon (0.05 gallon

per mile) and a tax rate of 10¢ per gallon, taxes are

T = 10,000 * 0.05 * $0.1 = $50.00.
Any other travel related tax can be estimated the same way. With some taxes
the consumption per mile can only be roughly estimated, for example parking fees

and special excises. These require some thought to define the proper consumption
rate.
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THIRD STRUCTURE TAXES

Third structure taxes may include ton-mile, gross-weight distance, and axle-
weight distance taxes, among others. These taxes vary with both vehicle characteristics
(such as weight or capacity requirements) and distance traveled. Weight-distance
taxes are often considered to have a perverse impact on pavement wear. Since
the tax is on gross vehicle weight, and no explicit condition is imposed on particular
axle loads which determine highway wear and tear, this tax appears to create an
incentive to load axles too heavily. It is nevertheless suggested that this tax is
less distorting than those which ignore either or both weight and distance. Axle-
weight distance taxes, however, may provide the incentives desired by the policy-

maker; that is, spreading loads over more axles.

A variety of third structure taxes are conceivable. Discussion here will
be limited to weight-distance and axle-weight-distance taxes. Other possible forms
might be ESAL-mile and PCE-mile taxes. (Both ESAL, equivalent single axle load;
and PCE, passenger car equivalent, are discussed in the appendices to Chapter 2.)

Various forms of graduated or differentiated taxes are possible as well.
Weight-distance taxes may be assessed on the gross vehicle weight (GVW),

average operating weight, average loaded weight, tare weight or any other desired

weight basis, and the estimated travel. The form shown is for a fixed rate tax,

which can be assumed to represent only one tax bracket if a graduated scheme

is of interest. The general form for revenues derived from these taxes is:

T=W*VMT * t,

where W represents selected weight basis and other variables are as above.

B-24



If this tax were assessed on a vehicle with a declared gross weight of 80,000
pounds, estimated to travel 100,000 miles annually, and the tax rate was assumed
*®
to be 50¢ per thousand kip—miles,—-/ the total tax per vehicle would be calculated

as:
80 * 100 * $0.5 = $4000.00

An alternative tax, which would encourage the use of more axles per load,
is the axle-weight-distance tax. Axle-weight-distance taxes are assessed on the

weight-per-axle as follows,

T, =W

A * VMT * t,

A
where T A is the tax revenue for the particular axle,
Wo is the weight borne by the axle,
and the other variables are as above.

The total tax for the vehicle is the sum over all axles,

T=2 T,

This tax can be isolated to heavier vehieles by establishing axle weight thresholds
below which the tax is not levied. This is often considered desirable given the conclusions
of many transportation analysts that heavier vehicles cause more highway and road
costs than can conveniently be collected through traditional, or simpler, tax sources

and simultaneously provide correct charges by axle load.

E 3
— Kip equals 1000 pounds.
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As an example, it might be useful to calculate the tax on a typical eighteen-
wheel combination (3S2). For this example assume a 352 rig travelling 100,000
miles annually, with a declared gross combination weight of 78,000 pounds and a
tax rate of 50¢ per thousand kip-axle miles. Based on the Bridge Formula—/ assume
the steering axle carries 10,000 pounds and the two sets of tandem axles earry an
evenly distributed 34,000 pounds per set. Also assume a weight threshold of 9,000
pounds per axles below which no taxes are assessed; taxes estimated under these

assumptions are:

steering axle - 1* (10-9) *100 x $.5 = $ 50
drive axles - 2* (17-9) *100 x $.5 = $800
trailer axles - 2* (17-9) *100 x $.5 = _$800
Total $1,650

If a third axle (tridem) were placed under the semi-trailer the annual tax
on the combination would be reduced to $1200. (The rear axle set would be assessed
$350 annually based on an average weight of 11,333 pounds each as opposed to 17,000
pounds above.) Assumptions of different weight distributions, different number

of axles or graduation by axle-loads will yield different results.

The sum of revenues attributed by vehicle type over the entire fleet will
provide an estimate or forecast of total highway tax revenues. For a variety of
reasons historical estimates may not equal realized tax revenues. These reasons
include tax evasion, errors in the data, possible exemptions and others. After carefully
checking data and other correctable errors, one should calculate differences in
estimated revenues versus receipts, by tax source, for some historical period. These

ratios can provide the basis for estimating potential discrepancies in forecasts.

*
x/ Public Law 97-424, January 6, 1983, Sec. 133, Section 127 of Title 23 of
United States Code.
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The formulas above were used for revenue attribution and impact analyses
in the Federal Highway Cost Allocation Study. To provide for the numerous and
repetitious test runs, necessary to devise a user-charge schedule that fit cost responsibilities,
these formulas were incorporated in a set of computer programs with provisions
made for easy entry of new user-charge rates and structures. In this way it was
possible to fine-tune the user charge alternatives which match both individual and
total responsibilities as well as allowing examination of both different user charge
structures and rates.

VEHICLE CLASSES

An essential step in the revenue and cost comparison is the definition of
a set of vehicle classes, compatible with cost-allocation classes. Figure B-11 reviews
vehiele classifications of eighteen recent cost-allocation studies. It shows that
no uniformity exists in the number of classes, their definition, or even in the definition

of "heavy" vehicle.

The equity of a highway user tax structure can be assessed most easily by
comparing the total costs oceasioned, by vehicle type, with the total re\)enues generated.
Individual States vary in the definition of these vehicle types and the method of
comparison. A few examples from previous State studies should suffice to show
the various types of classes and comparisons.

The Oregon Motor Vehiele Cost Responsibility Study, 1980 is a fairly representative

study. Figure B-12 shows the method used to allocate shares of the total highway
budget to vehicle classes. Figure B-13 is the tabular version of these shares converted
into a taxable unit, mills per mile. Figure B-14 shows the resulting tax schedule.
Figure B-15 reflects the equity aspects - a comparison of cost responsibility and
actual payments.
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FIGURE B-11

VEHICLE CLASSES CONSIDERED IN RECENT STATE HIGHWAY

COST ALLOCATION STUDIES
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FIGURE B-11 (CONT.)

VEHICLE CLASSES CONSIDERED IN RECENT STATE HIGHWAY

COST ALLOCATION STUDIES
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FIGURE B-11 (CONT.)

VEHICLE CLASSES CONSIDERED IN RECENT STATE HIGHWAY

COST ALLOCATION STUDIES

*$OIO1YDA [BUO11BIIDI JO s2[0K0J0J0W 0} 9PBW SI UOIIBOO[[B ON
*591408938BOQNS (] OJUI UDNOIQ BJB SHONJ], *SHONJ} PUE SISNQ [BIDIDWULIOD ‘SIBD J93uassed :pajou SassBID Jo[BW ¢ 948 dJay],

/S
*sjydiom
o101UaA ss043 paJaisiea pue sadh) o[OIUaA [BNPIAIPUT 1§7 10 umoys sBm ‘adA) efoyaa Aq ‘yuawAed xB) snstea A31j1qisuodsad 1500
{BnuUUE ‘A[[BN}OY "SUIBJ] JO}OBJI) PUB SIB18J}/¥ONI} JO sdnodd g puB ‘sdo(ivd}-1was/103084) jo sdnoad ¢ ‘syonay jlun arduls Jo
sdnodd ¢ ‘sojohodojow ‘sasng 938A14d ‘sodBys 9[XB ¢ ‘so58]Ss 9[XB 7 ‘SiXB) ‘sivd Jo8uossed :pa)BOIPUL 9JB SISSB[D SUIMO[[O]} Y], v
*spun MA3 °qr 000°2
07Ul PSPIAIPGNS JSYIIN] 248 SUOIIBUIQUIOD PUB SHONJ], *3ONJ} WIBJ JO $814089180 MAS G PUB SUOI}IBUIQUIOD JO SO1JOS9}BD MAS g8
‘ssfondy j1un a18uls jo so11080318D MAZ g 248 2J9y) ‘sjourd pus sdnxold ‘sasng Jo sossBlO OM] ‘SIXB] ‘S9{1qOUIO}INE 0} UOIIIPPB U] 5
*JOOYOs puB [BloJoWWOD :sdnoad om}
03Ul PIPIAIPGNS 248 sasNg "SOIOIYSA JO SOsSB[D 91 A[[BN1OB a8 249y} ‘SISSBIO UOIIBIISIZAI G S93B8OIPUT APNYS 8y} ysnoyyy /Z
*sjudwded xuv)
pejBuillse Yyim sanniqisuodsad Josn Sursedwiod ug pus s3sod Suiudisss ul apsw 248 sdnoad Jydlom Aq SUOISIAIPQNS UBYM }7 JO
18101 B 0} pusdxs s9s8B[O 9S9Y ], *S}S00 [BIUaWaJout Surindwod up Apnys uBSIYDI BYJ Ul PaIBOIPUI SISSBIO Jo[BWI 9A1) 948 a3y, A
*sqL 0059 - 105°9—"SAl 000°S
*sql 0069 - 106°2—"Sql 000°C
*sq[ 005 03 dn—'sq[ 00S‘C (&) 00S8°2-0
ON :3ydrom Aydwig 0l sjydrom Lydwa ‘syongg, \ma SuruioApy
*spunod 900‘0¢
JOAO sTBAJDIUL punod
000°9 ‘YuS1oMm J03s1304
ssodd punod 000‘0Z - 0
u10J] P3LJIBA S[BAJDIUL
3oy sdnoad jydiom
pus suol3BaJndijuod
ON 9[XB JO SISSB[O 8§91 91QBIIBAB JON 91QB{IBAB JON \mﬁ Usuoosim
¢SSB[D 1593431 U] UMOp3{B31g BIITUD A {SOSSBID) AIOIYIA uidag sSB1D ,AIPIURA $3ssB) JO ajeg
SOINY Ylipm papnioug AaBayp] ul pas( AnBayj AuBly Mo KAB3y,, S90(] 240UM JaquinyN

s}ondy, [[BWS ddy [BuJaU] SSBID

B-30



FIGURE B-12

COST RESPONSIBILITY STUDY WORK FLOW

Budget for each
Road System by
Work Type

Allocation of Budget
Using Construction and
Maintenance YWork Allocators

Vehicle Miles of
Travel by Gross
and Axle Weight

Computation of per-mile and,
Total Responsibility by Axle
Weights and 2000 pound Gross
Weight Groups for Each Road
System for Work Type

Cumulate all Road System and

Work Type per mile and Total

Responsibility for Registered

and Actual Axle Weights and
Gross Weight Groups

Convert Axle Mile
Responsibility to
Gross Weight Groups

Add ‘Non-Weight
Responsibility to
Gross Weight Group

Responsibility

l

Summation of all per mile Costs

by Gross Weight Groups

Computation of Total Responsibility
by Gross Weight Group - Total Budget

Source: Oregon study, 1980.
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TOTAL AND NET RESPONSIBILITY FOR OREGON'S CLASSES
OF VEHICLES - BUDGET #1 - CURRENT EXPENDITURE LEVEL

Groas Vehic

FIGURE B-13

1
(Biennium 1981-83)

TOTAL RESPONSIBILITY

NET RESPONSIBILITYZ

le

wWeight Group Dollars - § Mills per Mile Dollars - § Mills per Mile
Basic Vehicles
(0~ 6,000 1bs.) $ 99,115,973 5.313 $ 78,701,240 4,312
6,001~ 8,000 1lba. 376,323 12.706 91,412 12.368
§,001-10,000 1bs. 1,127,323 13.541 539,747 11.546
10,001-12,000 1lbs. 745,480 14.343 451,021 11.884
12,001-14,000 1bs. 489,523 15.368 303,318 12.212
14,001-16,000 1bs. 443,736 16.390 259,515 12.266
16,001-18,000 1bs. 619,730 18.078 344,463 13.908
18,001-20,000 1ba. 330,544 19.635 154,812 12.520
20,001-22,000 1lbs. 968,874 20.517 144,033 13.004
22,001-254,000 1bs. 890,792 21.448 238,381 13.333
24,001-26,000 1bs. 670,026 23.088 226,776 13.850
26,001-28,000 1bs. 1,479,826 24.203 S44,427 16. 408
28,001-30,000 1bs. 1,489,292 26.430 277,363 18,222
30,001-32,000 1bds. 1,239,008 27.589 161,317 19.447
32,001-34,000 1lbs., 314,880 29. 420 126,084 21.527
34,001-36,000 1bs. 654,506 30.881 394,343 23.073
36,001-38,000 1lbs. 212,893 31.652 113,759 23.557
38,001-480,000 1lbs. 349,136 32.408 202,047 23.031
40,001~-42,000 1lbs. 578,960 33.719 214,815 20.946
42,001-84,000 1bs. 4,154,980 34.763 3,451,139 31.993
44,001-46,000 1bs. 2,146,741 38.198 1,582,693 32.533
46,001-48,000 1bs. 747,397 38.820 477,177 31.198
48,001-50,000 1bsa. 1,565,884 41.545 1,179,559 35.525
50,001-52,000 1lbs. 410,327 43.862 2266,620 34,292
52,001-54,000 1bs. 187,263 41.837 104,482 27.561
54,001-56,000 1bs. 186,781 46.302 113,391 32.781
56,001-58,000 1lbs. 153,735 40.909 93,473 28. 028
58,001-60,000 1lbs. 678,346 43.801 451,037 30.498
60,001-62,000 1bs. 133,145 47.450 85,297 33.280
62,001-64,000 1bs. 229,865 4,086 162,633 33.381
64,001-66,000 1bs. 202,844 49,366 152,84y 37.739
66,001-68,000 1bs. 175,106 52.600 137,638 42.891
68,001-70,000 1bs. 164,430 55.777 138,796 47.811
70,001-72,000 1lbs. 428,636 55.819 332,511 43,763
72,001-74,000 1bs. 1,488,170 58.728 1,096,536 43,384
74,001-76,000 1lbs. 3,004,759 66.329 2,475,966 55.673
76,001-78,000 1bs. 16,158,428 79.397 14,462,294 71.4585
78,001-80,000 1lbs. 34,592,080 77.418 31,249,008 69.984
80,001-82,000 1lbs. 1,834,670 95.209 1,687,626 87.628
82,001-84,000 1lbs. 2,281,625 105.876 2,114,237 98.108
84,001~86,000 1bs. 2,075,541 127.522 1,946,225 119.576
86,001-88,000 1lbs. 1,412,066 153.853 1,337,772 145,759
88,001-90,000 1lbs. 371,498 149.556 351,007 141.308
90,001 and over 1lbs. 396,190 139.454 371,531 130.775
Heavy Vehicle Total $ 88,161,259 51.555% $ 70,669,127 51.190
TCTAL $187,277,232 9.196 $149,370,367 7.609
—

The biennial expenditures are on an annual baais.

2Net responaibility is obtained after adjusting for payment of registration

fees and reallocation of subsidies given to farm and exempt vehicles.
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FIGURE B-14

RECOMMENDED AND ALTERNATE WEIGHT-MILE TAX SCHEDULES
FOR DIESEL-POWERED VEHICLES - BUDGET #1

Gross Vehicle Net
Wt. Group Responsibility
(lbs.)
Cars 4.312
0- 6,000 -————
6,001~ 8,000 12.368
8,001-10,000 11.546
10,001-12,000 11.884
12,001-14,000 12.212
14,001~16,000 12.266
16,001-18,000 13.908
18,001-20,000 12.520
20,001-22,000 13.004
22,001-24,000 13.333
24,001-26,000 13.850
26,001-28,000 16.405%
28,001-30,000 18,222
30,001-32,000 19.447
32,001-34,000 2l.527
34,001-36,000 23.073
36,001-38,000 23.557
38,001-40,000 23.031
40,001-42,000 20.946
42,001-44,000 31.993
44,001-46,000 32.533
46,001-48,000 31.198
48,001-50,000 35.525
50,001-52,000 34,292
52,001-54,000 27.561
54,001-56,000 32.781
56,001-58,000 28.028
58,001-60,000 30.498
60,001-62,000 33.280
62,001-64,000 33.381
64,001-66,000 37.739
66,001-68,000 42.891
68,001-70,000 47.811
70,001=-72,000 43.763
72,001-74,000 43,384
74,001-76,000 55.673
76,001-78,000 71.455
78,001-80,000 69.984

80,001 & Over

(Mills per Mile)

Existing
Recommended Alternate Statutory
Schedule Schedule Schedule
7.0 6.0 6.0
10.0 7.5 8.0
12.0 9.0 9.5
13.0 10.5 11.5
14,0 12.0 13.5
15.0 13.0 15.5
16.0 14,0 17.5
17.0 15.0 19,5
18.0 16.0 21.0
19.0 17.5 23.5
20.0 19.0 25.0
21.0 20.5 26.5
22.0 22.0 28.5
23.5 23.5 30.5
25.0 25.0 32.5
26.5 26.5 34.0
28.0 28.0 35.5
30.0 30.0 37.5
32.0 32.0 39.0
34.0 34.0 40.5
35.0 36.0 42.5
36.0 38.0 44.5
37.0 40.0 46.0
38.0 42.0 48.0
39.0 44.0 50.0
bo.o 46.0 52.0
41.0 48.0 53.5
42.0 50.0 54.8
44.0 52.0 55.5
46.0 54,0 57.0
48.0 56.0 58.0
50.5 58.0 59.0
53.5 60.0 60.0
56.5 62.0 61.5
59.5 64.0 62.0
63.0 66.0 63.0
66.5 68.0 64.0
70.5 70.0 65.0
Add 4.0 Add 2.0 Add 1.0
Mills per Mills per Millse per

ton above
80,000 1lbs.

B-33

ton above
80,000 1bs.

ton above
80,000 1lbs.



FIGURE B-15

CROSS-SUBSIDIES IN HEAVY VEHICLE WEIGHT GROUPS
(Current Tax Rates)

Weight Group Net Actual Payments Based
(000 1bs.) Responsibility on Current Tax Rates Difference® Difference
0-16 $ 1,645,013 $ 1,602,919 $ 42,094 2.56
16-76 15,504,412 21,312,408 -5,807,996 -37.46
Over 76 53,519,702 46,807,664 6,712,038 12.54

Weight Group Total Adjusted Actual Payaments Based

3
(000 1bs.) Responsibilfty on Current Tax Rates Difference® Difference

0-16 $ 2,026,869 $ 1,984,775 $ 42,094 2.08
16-76 19,546,727 25,354,723 -5,807,996 =29.71
Over 76 59,150,510 52,438,372 6,712,038 11.35

®Positive difference indicates underpayment relative to responsibility and
negative difference indicates overpayment relative to responsibility.
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Figure B-16 is from the Washington State Hichway Cost Allocation Study

(January 1977). It shows the cost/tax comparison as a ratio and at a more disaggregate
level

The 1972 State of New Mexico Cost Allocation Study is at a very fine level

of disaggregation and shows the comparison as an absolute level. It also offers
three different cost allocation methods. These are shown in Figure B-17,

The Maryland Cost Allocation Study, February 1982 offers disaggregate

detail, two costing methods, and a distinction between the State highway system
and the total highway system. The "costs" used were the actual expenditures for
1979-81 and estimated costs for the period 1982-4. Figures B-18 and B-19 show
these results.

RECIPROCITY AND PRORATION

Reciprocity and proration compacts facilitate the exchanges of user charges
among States, where payments of user fees may be made in certain States while
travel OCCURS in other States. These compacts act to smooth the differences
between the revenue contributions from particular users and the wear and tear
they impose on the road system for particular States. Detail on this subject is provided
in the joint U.S. DOT and ICC publication, Uniform State Regulations.:/

*/

-~ U.S. Department of Transportation and Interstate Commerce Commission,
Uniform State Regulations: Motor Carrier Act of 1980, Section 19, Report to Congress,
1982.
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FIGURE B-16
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FIGURE B-17
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COMPARISON OF NET STATE USER RESPONSIBILITY AND NET STATE TAX PAYMENTS
PER VEHICLE BY THE THREE COST ALLOCATION METHODS FOR SELECTED VEHICLES
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FIGURE B-18

COMPARISON OF PERCENT STATE USER PAYMENTS AND RESPONSIBILITIES

STATE HIGHWAY SYSTEM
1979-1984

PERCENT OF RESPONSISILITY

RATIO OF PERCENT
REVENUES/RESPONSIBILITY

VEHICLE TYPE PERCENT OF
GROSS REGISTERED WEIGHT STATE USER
(POUNDS) TAX PAYMENTS FEDERAL FEDERAL
INCREMENTAL PIMARY INCREMENTAL aany
Automohiles 7.3 a7.19 57.34 1.00 1.47
[ 0.89 0.81 1.13 1.10 0.79
P chupeAVare (Lass than 10, 000) 13,49 13.26 12.08 1@ 1.2
SINGLE UNIT TRUCKS
{Clou B)
10,000 - 18,000 3138 3.23 3.38 0.98 0.%4
18,000 - 26,000 1.9 1.42 1.7 1. 0.92
24,001 - 38,000 2.23 1.95 3.22 1.15 0.70
33,001 - 68,000 0.9 0.73 1.17 1.2 0.79
SUB-TOTAL SINGLE UNITS 7.89 7.13 9.45 1.08 0.83
Dump Trucks = 40,000 0.23 0.13 0.3 1.9 0.4
Owre Trucks = 45,000 1.86 1.3 3.3 1.40 0.5%
TOTAL SINGLE UNITS 9.9 s.0! 13.14 1.13 0.76
TRUCK TRACTORS
{Cloms F)
40,000 - 48,000 2.50 2.89 467 0.87 0.54
8,001 - 74,000 2.2 2,49 N 0.9 0.55
76,001 - 79,000 3.49 4.5 7.54 0.77 0.4
TOTAL TRUCK TRACTORS .25 9.93 16.32 0.8 0.5
TOTAL ALL VERICLES 100.00 100.00 100,00

NOTE: A retlo of 1.00 indicates equily in user tax payments (poyments equels resporsibility).
A rotie of lews then 1,00 indicates an undespeyment of user faxes.

Source:

Maryland Cost Allocation Study.
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FIGURE B-19

PERCENT OF TOTAL RESPONSIBILITY AND USER TAX PAYMENTS

PERCENT OF TOTAL USER RESPONSIBILITY . o
VENICLE TYPE ALL SYSTEMS STATE MIGHWAY SYSTEM ”.cs!r:::OJs:?M
GAOSS REGISTERED WEIGHT FEDERAL FEDERAL TAX PAYMENT
INCREMENTAL PRIMARY INCREMENTAL PRIMARY
METHOD METHOD

Automobiies 71.26 81.5 67.19 57.% 67.39
[ 1.08 2.3 0.91 1.1 0.89
m-l;,m 12.16 1".19 13.26 12,05 13,49
Single Uni? Trucks
(Clos E)
10,000 1 1.0 1.5 1.9 1.47
14,000 0.15 0.15 0.17 0.7 0.16
19,000 1.3 1.46 1.50 1.59 1.2
72,000 0.45 0.5 0.%0 0.5 0.5%
26,000 0.82 .n 0., RY) 1.00
30,000 0.34 0.5 0.3 0.5 0.38
34,000 0.9 1.63 1.10 1.79 1.3
2,000 0.42 0.90 0.47 0.90 0.5
42,000 0.05 0.08 0.08 0.09 0.08
44,000 0.1 0.17 0.1 0.20 0.17
50,000 0.04 0.06 0.04 0.06 0.06
54,000 0.02 0.04' 0.0 0.03 0.
56,000 & Greater 0.29 0.69 0.47 0.7 0.58
SubTora! '
Single Unin 4.5 .22 7.1 9.45 7.89
Dump Truck=40,000 0.14 0.40 0.15 0.38 0.3
Dump Truck=-43,000 1.13 3.0 1.3 LN 1.8
TOTAL SINGLE UNIT 7.80 12,25 2.8l 13,14 9.98
Truck Trocton
{Clam F)
40,000 0.15 0.2 0.19 0.2 0.16
4,000 ‘ - 0.0 0.00 0.0 .
48,000 0.2 0.0 0.02 0.04 0.01
52,000 0.3 0.5 0.40 0.85 0.3
54,000 0.1 0.25 0.15 0.27 0.12
40,000 0.09 0.16 0.12 0.19 o.N
64,000 0.0 0.08 0.0 0.10 0.06
48,000 1.6 2.95 1.94 319 1.7
72,000 0.04 0.08 0.0 0.00 0.04
76,000 2.04 3.5 2.44 4.0 2.2
79,000 3.24 wn .55 7.5 3.49
TOTAL TRUCK TRACTORS 1.7 12.69 9.9 16,22 .28
TOTAL ALL VEHICLES 100.00 100.00 100.00 100.00 100.00
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Motor fuel taxes constitute the largest source of tax revenues at both the
Federal and State levels. Also, as mentioned previously, these taxes have the attractive
feature of being related to highway usage. For this reason there has been an effort
to collect the tax, not only on fuel purchased in a given State, but even on fuel
purchased outside if it is consumed in the State. There is close similarity in this
to third structure taxes in terms of the motivation behind the tax, the need for
mileage data in tax determination, and in the difficulties in administration and

compliance which ensue.

A pragmatic principle in tax application as well as reciprocity agreements
is to minimize collection and administration costs by collecting the tax from the
fewest possible taxing stations or taxpayers. For gasoline this has worked successfully
by taxing wholesale distributors. For special fuels such as diesel fuel this is not
as feasible because much of the fuel is used for nonhighway purposes. Special fuels
are taxed at the distributor level which results in additional costs and aggravation of
numerous refund claims for nonhighway users. Figure B-3 earlier has shown that
there is no uniformity in the States' approach to this problem. Special fuel tax is
collected from distributors (wholesalers), dealers (retailers), licensed users, bonded

users, users, user-dealers, bulk users, and licensed special-fuel suppliers.

There is no problem with motor fuel tax apportionment as long as the vehicle
user buys the fuel and uses it in the same State. Interstate operations practically
guarantee that vehicles consume some fuel in one State that has been purchased and
taxed in another. This produces an inequity between highway costs imposed by the
vehicle and its tax contributions. In terms of the pay as you go principle, the
purchase State has received too much tax and the trave! State too little. For autos
and light trucks, it is generally assumed that these effects net out. For heavy trucks
and other equipment with large fuel reserves, however, there has been a tendency to

adopt fuel use taxes which provide tax contributions that conform to usage.
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Most States have enacted legislation either to restrict the amount of fuel
that a vehicle can carry tax-free from another State or to require reporting of
consumption within the State and payment of a corresponding fuel tax. Compliance
problems oceur with the reporting and validation of fuel use. Such systems require
permits and some level of bonding. It is necessary to identify each vehicle uniquely
for taxing purposes, opening the door to evasion. Quarterly or monthly reports
cause a paperwork burden and the recordkeeping requirements for the vehicle owner
may be significant. Enforcement may require border checks, record audits, and

even examination of a vehiele's fuel tanks. This is all ecostly and difficult to achieve.

The motivation behind the development of third structure taxes has been
twofold. One intention has been to assign proper cost responsibility to heavier
vehicles. Another, equally important, intention has been to extract proper payments
from out-of-State users. This latter point has led to the concept and practice of
reciproeity, which was intended to mitigate the difficulties caused by third structure
taxes and which now encompasses first and second structure taxes as well. The
following section will discuss the development and status of reciprocity arrangements.

Reciprocity arrangements may be divided into pre-IRP and IRP:-/ Initially,
these arrangements came about to avoid the burgeoning problem of each State
registering each user, whether resident or not. The principles underlying reciprocity
were a desire to avoid tax duplication and a belief that ease of interstate commerce
outweighed any net gains or losses from non-resident use of *a/ State's roads. The

*
latter point is now in question, especially in bridge States,— as tax revenues decline

and maintenance costs soar. One of the basic problems in applying reciproeity

*

x/ IRP refers to the International Registration Plan.

* %

XY/ States which have a high level of traffic passing through them.
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has been that no two States have exactly the same tax structure; therefore a compromise
has to be negotiated. Another problem is with third structure taxes. These are

usually applied, in part, to extract payment from out-of-State users and they are

not usually reciprocal. States without third structure taxes feel that their trucks

are receiving unfair treatment if reciprocity is offered to foreign users. Sometimes

this has led to a cancellation of registration fee reciprocity, a levying of retaliatory
("equalizing”) third-structure taxes, or both. In faet, the current status of reciproeity

agreements is that it rarely or never is granted on third structure taxes.

The initial reciprocity agreement is referred to as the Multistate Reciprocal
Agreement (MRA) which was initiated in 1949 and now consists of fifteen member
States. MRA allows full reciprocity of registration fees for vehicles that are registered
in one of the member States. For-hire vehicles must also fulfill whatever State

and Federal licensing requirements that apply.

A major problem associated with reciprocal agreements has been deciding
which State should be the State of registration for a commercial vehicle. Obviously
the residence of the owner and the place(s) of business of the firm may be in different
States. The Multistate Reciprocal Agreement solves this through a "basing point"
principle which states that all commercial vehicles must be based (maintained and
operated from) at a place of business within one of the member States. This poses

problems with vehicles that do not actually have a permanent base.

The western States have devised a different approach, partially licensing
vehieles for each State in which they operate. This is called "proportional registration"
or "proration." This approach avoids the problems of defining residence or base,
allows States to collect registration fees from out of State commercial vehicles,
and avoids tax duplication. There were two early multilateral compacts in existence
that permitted the proration of registration fees and other motor vehicle taxes.

These were the Uniform Vehicle Registration Proration and Reciprocity Agreement

and the Midwest Vehicle Proration Compact.
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Proportional registration has strong advantages. States gain tax payments
from non-resident users without becoming involved in the quagmire of residence
versus base of operations. Operators are freed from duplication of taxation and
can operate under clearly written interstate requirements and privileges. Proration
also is compatible with or without third structure taxes, allowing States taxing
flexibility. It even generates the type of recordkeeping that is required for these
types of taxes. However, it does not offer an easy solution to the inequity related
to usage.

With western States using a prorated system of registration and eastern/southern
States relying on reciprocity agreements, problems were experienced by registrants
that traveled in both sections of the country. These problems led to the adoption
in 1973 of the International Registration Plan (IRP).

Five basic principles are embodied in the IRP:

1. The assessment of a single, proportional registration fee for fleets
of vehicles based on mileage traveled in member jurisdietions.

2.  The issuance of one base State plate and cab card per vehicle.

3. Recognition of the registration by other member jurisdictions.

4.  The granting of reciprocity to proportionally registered vehicles and
to the continuance of reciproeity granted to those vehicles not eligible
for proportioned registration under the agreement. Under the IRP
definition, reciprocity means that an apportioned vehicle over 26,000
pounds, properly registered under the plan, is exempt from further
registration by other member States.

5. To allow, with no exceptions, interstate and intrastate movements

by proportionally registered vehicles.
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By combining the UPRA features of prorated registration fees and the MRA
flexibility of a single plate system, greater freedom of movement is achieved.
A significant departure from the other agreements is the IRP base State revenue
distribution concept. Under the IRP, a carrier registers vehicles in the base State.

A base State is determined using three criteria:

1. Where the registrant has an established place of business (construed
to mean a physical structure owned, leased, or rented by the fleet
registrant, designated by a street number or road location and open
during regular business hours; within which there is a phone listed in
the name of the fleet registrant, a person conducting business and

the operations records of the fleet).

2. Where mileage is accrued by the fleet.
3. Where operational records of the fleet are maintained or can be made
available.

This definition allows for a greater degree of operational flexibility for the
carrier without depriving the States of registration revenues. States can collect
an equitable share of revenue because the IRP allows reporting and revenue collection
to be based on 100 percent of the mileage, regardless of where it occcurs. In other
words, mileage in non-IRP States is reported to and fees are usually collected by
the base State. The non-IRP mileage is attributed to the base State, which is allowed
to charge for such mileage on its own fee schedule. This revenue is retained by

the base State. The carrier is paying to the base State registration fees based on

1.  The percentage of in-State mileage , base State fee
2.  The percentage of non-IRP mileage , base State fee
3. The percentage of mileage occurring in each IRP member jurisdiction ,

the jurisdiction's fee.
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Some problems have occurred within the IRP. One is that not all member States
collect fees for non-IRP mileage from home-based carriers. Another problem is
with the mileage estimate - if estimated travel varies widely from actual, it is
possible for a carrier to pay more or less than the intended fees.

All in all, IRP has attracted twenty-nine member States and one Canadian
province. The IRP's wider acceptance has been due to several factors. Under apportionment,
revenue is distributed to States with a greater degree of equity, in that every member
State will receive a portion of its registration fee if a carrier registered under the
IRP travels there. Under pure reciprocity this is not the case. In return, the carrier
receives greater operational flexibility with a reduction in the number of registration
filings. The single, apportioned license plate coneept has eliminated the problem
of multiple vehicle registration identifications and the administrative cost associated
with them. Figures B-20 and B-21 show the States that are currently members
of IRP as well as those with enabling legislation allowing them to join. IRP has,
in large part, superseded the other compacts and seems likely, in time, to become
the only significant multi-State compact. Figure B-22 shows a State by State catalog

of the various reciprocity and proration agreements.
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FIGURE B-20
INTERNATIONAL REGISTRATION PLAN - Membership Status
MAP OF IRP STATES

LEGEND

International Registration Plan [l \//;
Unitorm Prorate Agreement
Possible entry into IRP P
States with authority to enter IRP
Source: International Registration Plan, American Association of Motor Vehicle

Administrators, Appendix D, 4/1/82.
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FIGURE B-21
ROSTER OF MEMBER JURISDICTIONS

JURISDICTION

DATE APPROVED

DATE OF ENTRY

Kentucky
Tennessee
Missouri
Texas
Minnesota
Oregon
Nebraska
Utah
Colorado
Alberta
South Dakota
Mississippi
Virginia
Wyoming
Montana
Arkansas
Louisiana
Idaho

Illinois

North Carolina
Oklahoma
Wisconsin
Towa
Alabama
Arizona
North Dakota
Kansas
Pennsylvania
Michigan
Florida

September 13, 1973
September 13, 1973
September 13, 1973
September 13, 1973
September 13, 1973
September 13, 1973

‘September 13, 1973

September 13, 1973
September 13, 1973
July 22, 1974
August 5, 1974
November 4, 1974
February 24, 1975
July 14, 1975
October 10, 1975
October 10, 1975
December 1, 1975
December 10, 1975
July 7, 1976

July 16, 1976
January 19, 1977
May 23, 1977
August 17, 1977
September 5, 1979
May 9, 1980

June 19, 1980

July 9, 1980
September 15, 1982
August 10, 1983
Application Pending

September 13, 1973
September 13, 1973
September 13, 1973
September 13, 1973
January 1, 1975
January 1, 1975
January 1, 1975
January 1, 1975
January 1, 1975
January 1, 1975
January 1, 1975
November 1, 1975
March 1, 1975
January 1, 1976
January 1, 1976
July 1, 1976

April 1, 1976
January 1, 1976
January 1, 1977
January 1, 1977
January 1, 1978
January 1, 1978
January 1, 1978
October 1, 1980
January 1, 1981
January 1, 1981
January 1, 1981
June 1, 1983
March 1, 1985
December 1, 1984
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FIGURE B-22
FOR-HIRE CARRIERS

VEHICLE REGISTRATION RECIPROCITY AND PRORATION
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FOR-HIRE CARRIERS
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APPENDIX C

ESTIMATING IMPACTS OF CHANGES IN USER CHARGES
AND TRUCK SIZE AND WEIGHT LIMITS

PURPOSE AND SCOPE

The purpose of this appendix, which supplements Chapter IV of Volume I,
is to deseribe methods used to estimate economic impacts on vehicles and highway
users resulting from changes in either user charges or truck size and weight limits.
The discussion of these methods is accompanied by hypothetical, but realistie, impaet
estimates which may suffice as appr'oximate or typical estimates with which to
gauge other analytical results, or as data for first-cut State-level analyses. The
usefulness of the methods and estimates to the State analyst will depend on the
similarity of the examples and the consisteney of the methods with the State material.

This appendix provides a discussion of methods useful for estimating both
the direct and indirect impacts of potential changes in user-tax structures and truck
size and weight limits at the Federal or State level. Also, coverage is provided
for all highway user groups, given data on their fleet mix and use characteristics.
Since, however, the specific definition of groups, and consequently their fleet characteristies,
is derived from the perspective of Federal studies rather than State studies, these

groupings may need modification to be useful in specific State studies.
Except for a few brief references, the truck size and weight (TS& W) material

is treated only in this volume (i.e., not in Volume I) because it is considered somewhat

tangential to cost allocation. However, as noted in the TS&W section later in this
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appendix, changes in TS&W limits can serve as an alternative instrument for implementing
cost-allocation study findings. Also, changes in size and weight limits, whether

at the national or State level, can affect operating costs, and thus economic impacts

and intermodal relationships.

It is the intent of this appendix to provide an overview of the types of impacts

examined in the Final Report of the Federal Highway Cost Allocation Study and

the Investigation of Truck Size and Weight Limits.—l—/ The examples are not intended

to represent either a reference manual or an exhaustive array of areas for investigation
by every State. Those who have already worked on such studies or those who are

familiar with such study needs may prefer to pursue entirely different lines of analysis.

The degree of sophistication demanded in impact studies is influenced by
the available budget for the study, the magnitude of the proposed changes, and
the specific interests of public and private groups. These studies can provide valuable
insights into who will be affected, by how much, and when. Information derived
from these studies may be essential to identify real economic problems as well

as to refute exaggerated claims of potential impacts.

In the Federal studies the list of impacts examined, varying by study, included:
o Vehicle operating and ownership costs (exclusive of other transport
costs)

Total transportation costs

Total fuel consumption

Changes in fleet size and vehicle purchases

Changes in VMT

Impacts on transportation costs for specified groups of freight and

o © O o O

passenger carriers

o Modal traffic diversions
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Rail carrier revenue loss/gain

Motor carrier revenue loss/gain

Axle load distributions

Gross vehicle weight distributions
Highway traffic

Pavement and bridge costs
Environmental (noise and air pollution)

Highway safety

© © 0 ©0 0o o 0o ©o o©o

Sales and profit impacts on other industries and groups likely to be
sensitive to transportation cost changes

o Macro-economic impacts on GNP, prices, and employment

These impacts are not exhaustive but provide a broad array of the areas
of potential government concern. They serve, also, to trace the linkage from the
direct impacts through many indirect impaects and, ultimately, to the most obvious
macro-economic changes.

ESTIMATING IMPACTS FROM USER CHARGE CHANGES

Direct impacts from proposed user charge changes were estimated for the
Federal study using a computer model developed for this study called the Highway
User Tax/Cost Model (HUTCM). Indirect impacts were estimated by examining
specifie industry costs through the use of linked macro-economie and interindustry
(I/0) models. Because of broad aggregation, many of the specific analyses desecribed
for the national level analysis may not be sufficient for State level analyses. These
methods may, however, provide a reasonable outline on which to base a State study.
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IMPACTS ON HIGHWAY USERS

The most significant form of impacts from user charge changes are the costs
to various user groups. Depending on the nature of the user group, the major cost

categories are composed of most or all of the following cost elements:

OPERATING COSTS OWNERSHIP COSTS
Fuel Annualized Purchase Costs

plus Interest

Lubricating Oil
Registration Fees

Tires (Tubes, Tread rubber)
License Fees

Parts
Vehicle Weight Taxes

Maintenance
Insurance Costs

Garaging, Washing, Tolls,
Parking fees, ete. Fixed Terminal Area. Costs

(Trucking)

Taxes on any use-related items
Labor (Commercial groups)

Variable Terminal Area

Costs (Trucking)



VEHICLE CLASSES

The choice of vehicle classes is based on both the analytical and the reporting
requirements of the study. Analytical requirements demand a more detailed elassification
scheme than that for reporting purposes. Reporting requirements generally dictate
a conceptual scheme which conveys the broad implications of the tax proposals.
Classification for analytical purposes imposes the need for enough detail to comprehend

the variations in tax rates and structures and differences in vehicle characteristics.

In the past Federal studies on cost allocation and the associated impact analysis,
thirty-eight vehicle classes were used for analytical purposes. These were established
early in the cost allocation study in order to allow for flexibility to test alternative
tax structures and rates, reflect existing or proposed tax exemptions and exclusions,
and to account for significant variations in vehicle characteristics. In more recent
work a more detailed classification was established to allow a coordinated analysis
of impaects from changes in both user charges and truck size and weight limits,

Figure C-1 provides the list of these vehicles. For reporting purposes ten summary
vehicle classes might be chosen, similar to those shown in Figure C-2.

USER GROUPS

In order to effectively assess economie consequences of changes in highway
user taxes for any particular group it is important to deseribe the group's mix of
vehicles, their typical annual utilization and other appropriate characteristies such
as fuel consumption rates. It may be attractive to attempt to represent the impacts
on a particular group by estimating changes for a "typical" vehicle. While this method
is appealing for its simplieity, it can be very misleading. First, only in unusual
situations would the vehicle type chosen to represent the typical vehicle refleect
the weighted average of the group's vehicle fleet mix and use. Second, in the Federal



FIGURE C-1

DETAILED VEHICLE CLASSIFICATIONS

Two Axle Single-Unit Trucks (6 Tires)
Three or More Axle Single-Unit Trucks

Six or More Axle Semi-Combinations

Seven Axle Double Combinations
Eight or More Axle Double Combinations

Three or Four Axle Truck Combinations

Vehicle
Class
Number  Vehiele Description
1 Small Automobiles
2 Standard Automobiles
3 Motoreyeles & Motor Bikes
4 School and Other Buses
5 Transit Buses
6 Intercity Buses
7 Light Trucks (4 Tires)
8-11
12-15
16-18 Three Axle Semi-Combinations
19-21 Four Axle Semi-Combinations
22-24 Five Axle Semi-Combinations
25-27
28-30 Five & Six Axle Doubles, Triple
Combinations
31-33
34-36
37-39
40-41 Five Axle Truck Combinations
42-44

Six or More Axle Truck Combinations,

Truck Triples

Gross Vehicle
Weight Intervals

(000 pounds)

(0-10, 10-26, 26-33, 33+)
(0-26, 26-33, 33-55, 55+)
(0-26, 26-33, 33+)
(0-33, 33-55, 55+)
(0-55, 55-80, 80+)
(0-55, 55-80, 80+)
(0-55, 55-80, 80+)

(0-55, 55-80, 80+)
(0-55, 55-80, 80+)
(0-26, 26-33, 33+)
(0-55, 55+)

(0-55, 55-80, 80+)



FIGURE C-2

SUMMARY VEHICLE CLASSIFICATIONS

Small Automobiles

Standard Automobiles

Motoreycles

Buses

Light Trucks

Single Unit Trucks, 0-26,000 pounds GVW
Single Unit Trucks, 26,001+ pounds GVW
Combinations, 0-55,000 pounds GVW
Combinations, 55,001-80,000 pounds GVW
Combinations, 80,001+ pounds GVW



and State tax structures, tax rates vary by vehicle type. Some changes in the tax
structure may reduce the burden on certain vehicle types while increasing the burden
on others. A particular vehicle type may not reflect the weighted mix of these
taxes. Third, impacts should account for likely price-induced behavioral adjustment
in fleet size and use. Price elasticities are different between groups. It is therefore
necessary to reflect the appropriate mix of vehicles and their utilization to assess

costs and accurately reflect behavioral adjustments.

In addition to these reasons it is often more useful to describe impacts
for economic entities (i.e. highway user groups or industries) than for vehicles.
An analysis of the economic and financial consequences of tax alternatives on particular
groups is an effective basis for argument in refuting exaggerated claims of damage
derived from ad hoe estimates as are often used by groups with narrow interests.

A classification scheme which defines sixteen separate, but inclusive,
user groups for national user-charge and TS&W studies is shown in Figure C-3.
For each of these groups, vehicle fleet size and use characteristics were forecast

in order to allow distinct impact analyses.
CALCULATING PRICE ELASTICITIES

Following the 1973 petroleum embargo period, after which fuel prices
rose dramatically, a significant body of literature focused on the analysis of travel
elasticities with respect to changes in fuel prices. A good portion of this literature
concentrates on household or light vehicle travel. The literature is sparse concerning
price elasticities for for-hire groups and elasticities other than for fuel prices.

It is, therefore, difficult to deduce from the published literature a comprehensive
set of price elasticities necessary in the estimation of impacts. Several studies
however, provide indications of overall trucking freight demand (i.e. sensitivity

to freight rate) elasticities. These sources provided the foundation for the estimates

used in the Federal studies.
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FIGURE C-3

HIGHWAY USER GROUPS

Low Income Households

Medium Income Households

High Income Households

Taxi Operators

For-Hire Bus Operators

Farm and Ranch

Other Private Groups

State and Local Government
Federal Government

Utilities, Services and Construction
Local For-Hire Trucking

Long-Haul General Cargo Carriers
Long-Haul Special Commodity Carriers
Long-Haul Exempt Carriers
Long-Haul Private Freight Carriers
Other Long-Haul Private Carriers



A further difficulty evident when referring to the available literature is
that the estimated elasticities refer to components of vehicle costs, such as changes
in fuel price or vehicle purchase price elasticities, rather than the elasticities of
changes in total operating costs, total ownership costs, or the total vehicle costs.
Because Federal user charges affect an array of operating and ownership costs,
not just one item such as fuel prices, it was necessary for study purposes to construct
from the published estimates the elasticity estimates for these broader cost categories.
For the purposes of the Federal impact analysis four sets of elasticities were contructed
to account for changes in both VMT and vehicle ownership with respect to changes

in either total operating costs or total ownership costs.

Estimates of the elasticities of VMT with respect to fuel price for autos
and light vehicles are generally in the -0.15 to -0.35 range. These estimates imply
that for a 10 percent increase in fuel prices, VMT will drop between 1.5 and 3.5
percent. Some estimates indicate that lower income households are more price
sensitive than higher income households and that business is generally less price
sensitive than private households. These estimates are usually of short-run elasticities.
Since the model used in the Federal studies explicitly treats changes in fuel efficiency

over time, the short-run estimates were considered appropriate.

The literature available concerning fuel price impacts on total vehicle ownership
suggests median elasticity estimates in the range between -0.65 and -0.85. Fuel
price impaects on new car sales are reported in a range between -0.2 and -1.0 in
the short-run, with long run effects suggested to be less than -0.2. Study estimates

of elasticities are reported in Figure C-4.

Several studies have reported elasticities of truck freight ton-miles ranging
from -0.2 to -3.0, depending on the commodity and the availability of alternative
modes. As a general conclusion it appears a reasonable estimate of the average
ton-mile/rate elasticity is -1.0. Little is reported on the likely effects of cost changes

on average loads, average length of haul or shipment sizes.
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As indicated above, the structure of the model used in the Federal studies
requires elasticities in different forms from those generally reported in the literature.
The derivation of these estimates requires several simplifying assumptions which
allow simple computation of the necessary elasticity forms. Even if these assumptions
are not totally accurate, given the level of cost changes implied by these analyses,
the distortions will not be significant. Examples of the derivation of the elasticities

needed for the analysis are shown below.

Four sets of elasticities used in the analysis of impacts will be referred
to as Em,o’ Em,a’ Ev,o’ and Ev,a’ representing the elasticities of VMT with respect
to operating costs, VMT with respect to annual (or ownership) costs, vehicle ownership
with respect to operating costs and vehicle ownership with respect to annual cost,

respectively. These can be represented symbolically in simplified forms, as:

_AVMT _OC

Em o ’
’ A OC VMT

_AVMT _AC

Em a !
! AAC VMT

_&V oc
3

= and
M AOC V

LV AC
?

ML LAC V

where, VMT represents vehicle miles of travel,
OC represents vehicle operating costs,
AC represents annual vehicle costs,

and V represents fleet size.
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Elasticities of VMT with respect to operating costs, Em o» Were generally
?

derived from reported estimates of the elasticities of VMT with respeect to fuel

price, Em, £ relying on the following relationship:

Em,0= Em,f/ Eo,f?

stating that the desired elasticity form, E o is the dividend of the VMT-fuel
’

price elasticity divided by the elasticity of operating costs with respect to fuel

price. This may be expressed symbolically as:

AVMT _OC = gVMT _ f ,40C _f
AOC VMT s f VMT af OC

’

where f represents fuel price and the other terms are as previously defined.
This expression reveals that the VMT/operating cost elasticities can be
derived from VMT/fuel price elasticities if the relationship between operating
costs and fuel prices is known. Operating costs per mile are likely to change by
the same amount as the per mile change in fuel prices, since the consumption
per mile of items like tires, maintenance and parts are not likely to change substantially
when fuel prices change.

This means that 20C =1,
Af

Therefore, Eo,f reduces to the ratio of fuel price to total operating costs, or simply,
_t
oC

These ratios were estimated from the output of the Highway User Tax/Cost Model.
Similar derivations may be made for the elasticities of vehicle ownership

with respect to total annual costs using reported vehicle ownership/capital costs
elasticities and the ratios of capital costs to total annual costs.
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For trucking firms the derivation of study elasticities was based on aggregate
ton-mile/rate elasticities, in a similar fashion to derivations above. From trucking
rate elasticities, E, -, the four sets of elasticities required in the study can

’

be inferred. Given that

AT r,

E, =22 _T

tmyr A r TM

we can derive the VMT/operating cost elasticity, Em o from the following sequence
’

of terms:

;. . 0TM r , ArOC , _AVMT TM,
mo Ar T 20C r ATM VMT

where the three terms are the ton-mile/rate elasticity, the rate/operating cost
elasticity and the VMT/ton-mile elasticity. If it is reasonable to assume that the
change in rates will be equal to the change in operating costs, i.e. increases in
costs per ton-mile will be totally passed through as rate increases, and that the
average load, i.e. TM/VMT, remains constant, then the two latter terms reduce to
OC and 1, respectively.

r

The desired elasticity can then be calculated as:

Vehicle operating cost/rate ratios vary by carrier group and region.

The other required elasticities ean be derived similarly. The additional

assumption of constant annual vehicle eapacity utilization, (i.e., AATVMI_&V@ =TM/N), is
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required for estimates of Ev, o and Ev,a’

These assumptions may not hold for large price changes but seem reasonable

for the small price changes likely under the considered user-charge alternatives.

VEHICLE COSTS AND USER-CHARGE CONTRIBUTIONS

In the Federal user-charge impact study, the highway cost allocation studies
and in most State studies, the methods used to estimate user-charge revenues
and vehicle costs by vehicle type or user group divide vehicle costs into a variable,
VMT-related, operating-cost component and a fixed, or annually based, cost component.
In these computations, variable costs and tax revenues from variable items are
computed as a function of VMT. Fixed costs and annual taxes, like depreciation,
registration fees, licenses, insurance and property taxes, are calculated as a function
of the type of vehiele and the total number of vehicles in the fleet.

Stated simply, operating costs and related taxes can be calculated using

the general equation:
- * *
OCiV VMTiv CR;, (P+t)i

where, OC represents operating costs,
VMT represents vehicle miles of travel,
CR represents the appropriate consumption rate,
P represents an item's price, and

t represents the tax rate.
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Subscripts i and v represent the particular item and vehicle class, respectively.
Operating cost items include fuel, lubricating oil, tires, tubes, retreads, parts,
maintenance, tolls, parking, and other items. Calculations of tax revenues on
operating items, such as fuel, use the same formula with the tax rate only instead

of the (P+t) term. The next section contains sample calculations.

Annual costs include depreciation and interest, registrations, licenses, insurance,
property taxes and other items. For commercial vehicles terminal facilities, labor
costs, ete., are included. Annual or fixed costs, denoted AC, can generally be estimated
as a lump sum per vehicle based on particular vehicle characteristiecs, Depreciation

and interest and registration fees, for instance, are likely to vary by vehiele type.

Annual depreciation and interest per vehicle may be estimated in a variety
of ways. In the Federal study an annualizing factor, the capital recovery factor,
was used to estimate these costs by vehicle type. The capital recovery factor is
calculated as:

CRF = ——(IH}JLH,
(1+r)7-1
where, CRF represents the capital recovery factor,
L represents the useful vehicle life,
r represents the interest or discount rate,

and iis the number of time periods.

Using this factor annual depreciation and interest may be calculated as:
AC; = PV*(1-SR)*(CRF)+(SR*r) ,

where, AC represents annual costs per vehicle (including taxes
and other costs).
PV represents the vehicle purchase price,
SR represents the salvage rate, and
subseript i, in this case, represents depreciation and interest only.
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This caleulation, using the CRF, incorporates a notion close to both the economic
opportunity cost of capital and the likely annual costs of vehicle purchases. In
the Federal user-charge-impact studies, because separate values for average vehicle
life were available by user group and vehicle class and separate vehicle prices were
available by vehicle typez/ , this ealculation provided unique values by user group
and vehicle type.

Other annual costs and annual taxes were estimated as a lump sum per vehicle.
The total of these other values plus depreciation and interest yields the annual
cost estimate for a particular vehicle elass.

The sum of operating and annual costs represents total vehicle costs. The
equation for estimating these costs can be represented as:

TC = Ev: NV *(OC; (*AC; )

where, TC represents total vehicle costs,
NV represents the total number of vehicles, and

The methods deseribed in this section served as the basis of the Highway
User Tax/Cost Model used in the Federal highway cost allocation study impact
analysis and more recent work on a combined analysis of changes in user charges
and TS&W limits. A more complete description of the information and methods
used in this analysis is econtained in TSC's; An Analysis of Alternative Highway User

Charges, Highway User Tax/Cost Model Documentation.

Vehicle costs and Federal user charge forecasts for 1985 using this model
are shown in Figures C-5 and C-6, for twelve vehicle classifications and two fuel
types. Forecasts of average vehicle costs for twelve user groups, based on their
expected vehicle fleet mix and use, are also shown in Figure C-7. Costs for these
figures assume $1.75 per gallon of fuel (diesel and gasoline); other costs (econverted
to 1985 dollars) and consumption rates are shown in Figures V-6 and V-8 in Volume L
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Estimates of total Federal, State and Local highway user charges for each
of these vehicle classes are shown in Figures C-8 and C-9. Federal user charges
were estimated using the HUTCM model. State and local taxes were approximated
from data in FHWA's Road User and Property Taxes, 1982,

Estimates of total vehicle costs and user charges by user group are the sum
of charges for each type of vehicle in the user group's fleet. These costs and user

charge estimates reflect the variations in usage among groups.

These estimates, for the most part, reflect forecasts for 1985 of national
level data. Consequently, they very likely do not represent State level values.
They are provided, rather, as approximations by which to gauge other estimates

or for rough-cut analyses.

CALCULATING TAX REVENUES

As an example of tax revenue calculations employing the methods discussed
in Chapter IV the following hypothetical caleulations are provided, shown in Figure
C-10.

Consider a hypothetical case of a proposed fuel tax increase from 8¢ per
gallon to 12¢ per gallon. For a vehicle travelling an average of 10,000 miles per
year with an average fuel economy of 18 miles per gallon, tax contributions would

equal $44 per year in the base case and about $67 under the alternative case,

(10000 VMT/18 MPQG) * $0.08 = $44.44, vs
(10000 VMT/18 MPG) * $0.12 = $66.66.

With 1.5 million such vehicles in the fleet, fuel taxes would equal $67 million in

the base case and $100 million for the proposed tax. An alternative way of figuring
these totals would be to use aggregate fleet VMT estimates of 15 billion VMT.
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FIGURE C-10

HYPOTHETICAL IMPACT AND REVENUE CALCULATIONS

Tax Alternative

Base Case w/o Elasticities w/Elasticities
Miles per Vehicle 10000 10000 9944
Miles per Gallon 18 18 18
Fuel Consumption
(Gallons/yr) 556 556 552
Tax Revenue per Vehicle $44.44 $66.66 $66.29
Vehicle Operating Costs
($/yr) $ 2044 $ 2067 $ 2055
Fleet Size (Millions) 1.5 1.5 1.5
TOTAL TAX REVENUES —Change from Base Case—
(Millions) $ 66.7 $ 33.3 $ 32.8
TOTAL VEHICLE OPERATING
COSTS (Millions) $ 3066 $ 33.3 $ 17.4
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To put these increases into perspective it may be useful to examine the relationship
between the increases in taxes and total vehicle operating costs. For this example
assume vehicle costs other than taxes equal 20¢ per mile. Under these assumptions
vehicle operating costs would equal $2044 per year in the base case and $2067 in
the alternative, an increase of 1.1 percent.

As a first approximation this method probably yields reasonable estimates.
It, however, fails to account for likely price-induced changes in travel and vehicle
ownership. This concept was discussed in the section on price elasticities.

The general formula for price elasticity can be expressed as,

E = ﬂg
b
AP Q

where, E represents elasticity,
Q represents quantity (for example VMT or number of
vehicles) and
P represents price.

This formula can be applied in the impact analysis to estimate vehicle costs.
Since we are interested in the likely change in VMT or travel, i.e. Q, we can rearrange
the terms above as:

A
Q, = E*_PE * Q.

To take this derivation one step further, the total quantity predicted for
the alternative case is Qb + A Q, where AQ may be positive or negative depending
on the sign of the elasticity and price change. Symbolically this is expressed as:
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- AP AP
Qb +AQ = Qb + Et_*Qb = Qb *[1 +E _]
P P
If VMTy and VMTa are taken to represent VMT estimates before and after
tax changes respectively, then

VMT_ = VMT, + 8VMT, or
VMT_ = VMT, * (1 + E-2B)
a b p

If the elasticity of VMT with respect to vehicle operating costs per mile
is assumed to equal -0.5, calculations for the example above, where VMTb =10000,
P = 20.44% per vehicle mile, 4P =(20.67 - 20.44) = 0.23¢, are

0.23 .
= * - et 22) )=
VMT, 10000 * (1 - 0.5 (20.44)) 9944 miles

Fuel tax revenues for the alternative 12¢ tax rate will then equal:
T, = (9944 miles/18 MPG) , $0.12 = $66.29 per vehicle

Total fuel tax revenues after accounting for elasticity effects would equal
$99.4 million as opposed to $100 million above, a change of $32.8 million as opposed
to $33.3 million. Similarly, average annual vehicle costs are $2055 after elasticity

effects as opposed to $2067.

While these changes may not appear significant on the whole, impacts on
all vehicle owners in this example would be overestimated by about $15 million
annually or by about 48% (i.e., a change of $17.4 million as opposed to $33.3 million).
Similar elasticity estimates should be made to account for fleet size changes when

annual fixed costs change.

This example is intended to show that revenue estimates will not seriously

differ with or without accounting for the elasticities of demand. However, impacts
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will be significantly overstated. Furthermore, the estimated changes in VMT, vehicle
sales and fleet size allow calculation of indirect impacts, such as impacts on motor
vehicle sales and services and the overall regional economy. The elasticity calculations

provide the basis for estimates of the magnitudes of these indirect impacts.
OTHER COSTS

Other costs, such as travel time for passengers and overhead and warehousing for

trucking firms are discussed in Chapter IV.
ESTIMATED IMPACTS

Two hypothetical tax cases have been set up to present typical impacts'.
These cases presume the national averages for the vehicle classes shown, with vehicle
costs and user charges corresponding to those shown earlier in Figures C-5 and
C-6. The tax alternatives presented should be interpreted as being in addition to

existing taxes rather than substituting for existing ones.

The first case is a 10¢ per gallon fuel tax increase for both gasoline and
diesel fuels by the twelve vehicle classes and two fuel types, shown in Figures
C-11 and C-12. Larger or smaller increases would be roughly proportional, based
on the relative tax rates. They are intended to serve as a guide for the range of

likely impacts.

As can be seen, a 10¢ fuel tax increase would raise user-charge levels on
various vehicles between 9 and 37 percent. Vehicle costs, on the other hand, rise
between 0.1 and 2.0 percent. The reason is, in part, due to the fact that highway use
taxes constitute only a small fraction of total vehicle costs for all groups and an even

smaller fraction of a for-hire group's total transportation costs. Another
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reason is that, in response to price increases, highway users will travel less and
choose to own fewer vehicles. In total it should be recognized that these charges
are a small part of highway user costs and, as a consequence, generally result in

small impacts.

For households the response entails direct travel and fleet reduction in reaction
to the tax changes. With for-hire groups the reduction in fleet size and travel reflects
both an effort to choose a more optimal mix of productive factors (e.g., labor vs
trucks) and the consequence of reduced traffic demand, which results when tax-

induced rate increases are passed through to shippers.

These changes in VMT and fleet size, also shown in Figures C-11 and C-12, are
generally small, ranging between -0.1 and -2.6 percent. Noticeably smaller changes
are shown among heavy truck classes, generally used in freight transportation
services, reflecting the indirect nature of these adjustments via increased rates and

reduced industry traffic demand.

Impacts resulting from the second hypothetical tax case, a third structure tax,
are shown in Figures C-13 and C-14. The example shows a tax structure using a Kip-
axle-mile basis. In the example, the tax is computed at a rate of $1.00 per thousand
kip-axle-miles, for axles weighing more than 9000 pounds (GVW basis). This tax,
given its rate and structure, affects only combination trucks significantly. As can be
seen by comparing these tables with the previous impact tables, the incidence of the
$1.00 weight-distance tax rises more steeply for heavier vehicles, based on the 1985
fleet mix and use characteristics forecast for the Federal highway cost allocation
study. Therefore, the heavy truck users, regulated and exempt carriers and
independent owner-operators, face greater relative tax increases than medium truck
users, most notably, local and private carriers and services, construction firms and

utilities.
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FIGURE C-13
ESTIMATED IMPACTS FROM WEIGHT-DISTANCE TAX*
Combination Trucks**

0-50K  50-70K 70-75K 75K+
GASOLINE POWERED GVW GVW GVW GVW

Changes in:
User Charges ($/yr) $ 34 $ 350 $538 $ 480
Vehicle Costs ($/yr)*** $ 31 $ 350 $538 $ 480

Percentage Change in:

Vehicle Costs* * * 0.2% 1.2% 1.2% 1.1%
VMT - -0.2% -0.2% -0.2%
Fleet Size - -0.2% -0.2% ~0.2%

DIESEL AND SPECIAL FUELS

Changes in:

User Charges ($/yr) $187 $ 876 $1924 $2578
Vehicle Costs ($/yr)*** $186 $ 866 $1897 $2534
Percentage Change in:
Vehicle Costs™ " 0.6% - 1.9% 3.1%  3.6%
VMT - -0.4% -0.7% -0.9%
Fleet Size - -0.3% -0.5% -0.7%

—

*  Rate = $1.00 per 1000 kip-axle miles for axles greater than 9000 pounds.
** Trucks other than combinations showed no significant impaets.

*** Vehicle costs are net after changes in VMT and fleet size.
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FIGURE C-14

ESTIMATED IMPACTS FROM WEIGHT-DISTANCE TAX*

Service,
Regulated  Local Exempt Private Construc- Owner-
Trucking Trucking Trucking Trucking tion Operators
Changes in:
User Charges ($/yr) $1196 $223 $1149 $110 $ 9 $1363
Vehicle Costs ($/yr)** $1140 $204 $1086 $100 $ 8 $1307
Percentage Change in:
Vehicle Costs** 2.7% 1.1% 2.4% 0.8% 0.2% 2.6%
VMT -0.4% -0.1% -0.4% -0.1% - -0.5%
Fleet Size -0.3% - -0.2% - - -0.3%

* Rate = $1.00 per 1000 kip-axle miles for axles greater than 9000 pounds

** Vehicle costs are net after changes in VMT and fleet size.
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It is often suggested that the desired effect of this type of tax is to offer
incentives to truckers to add more load-bearing axles, thereby reducingi tax burden.
As an example of the cost savings possible, annual taxes were computed for an
eighteen wheel combination (352) travelling 100,000 miles per year with a gross
combination weight of 78,000 pounds. Using the bridge formulazl the steering axle
is assumed to carry 10,000 pounds and each tandem, 34,000 pounds. Further, it
is assumed that the weight on the tandem axles is evenly distributed. The taxes
estimated for this vehicle were compared with those for a configuration using three
rear trailer axles (353), all other assumptions remaining the same. Figure C-15
shows the estimated tax payments per vehicle for the two combinations. The third
rear axle would save taxes of $900 per year with a discounted present value of $3250,
assuming 20 percent cost of capital and a seven-year useful life. This amount is
probably enough to induce the adoption of an additional axle under many circumstances

even given tire wear and maintenance considerations.
These examples are intended only as hypothetical cases, though possibly useful

as rough estimates. The number of potential tax alternatives precludes providing a

broader rangé of possible impacts.
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FIGURE C-15

WEIGHT-DISTANCE TAXES ON ALTERNATIVE COMBINATION TRUCK CONFIGURATIONS

352

Thousand pounds

weight per axle Thousands of
Axle Tax Rate* * Axles over threshold annual miles = Tax
Steering $1.00 * 1 * (10-9) * 100 =$ 100
Drive $1.00 * 2 * (17-9) * 100 = $1600
Trailer $1.00 * 2 * (17-9) * 100 = $1600
Total $3300
353
Steering $1.00 * 1 * (10-9) * 100 =$100
Drive $1.00 * 2 * (17-9) * 100 = $1600
Trailer $1.00 * 3 * (11.3-9) * 100 = $ 700
Total $2400

TAX SAVINGS,3S-3 vs 35-2 = $900 per annum.
PRESENT VALUE at 20 percent per annum, 7 year life = $3250.

*Rate = $1.00 per thousand kip-axle miles for axles greater than 9000 pounds gross weight .
A graduated tax would encourage even more advantageous load shifting.
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NON-HIGHWAY MODE IMPACTS

The boundaries of potential changes among non-highway modes are either
the maximum rate/fare changes or the maximum traffic diversion. Maximum traffic
diversion occurs if affected modes do not increase rates/fares when demand increases.
Maximum revenue and profit inereases occur if affected modes raise rates/fares
on all competitive traffic to the level where total traffic carried remains the same
as in the base case. The first case is likely in competitive markets; the second
case is likely when the alternative mode has strong market control or where output
is restricted. These two cases are represented in Figure C-16, referred to as CASE
I and CASE II, respectively.

Total traffic diverted to an alternative mode, shown in CASE I as (QI—QO),
can be calculated given estimates of the relative highway mode price change and
the cross-price elasticity between the highway and affected mode, as follows:

Ql =‘Q0*(1+E._A_%)’

where, Q is traffic level,
E represents cross-price elasticity,
A R/R is the relative rate change in the highway mode, and subsecripts
1 and 0 represent tax alternative and base case, respectively.
This formula is similar to the one shown earlier for calculating VMT and fleet size
changes for highway modes.

In the Federal studies a cross-price elasticity of 0.15 for the aggregate of

rail traffic was used. Estimates made for the Federal study suggest that 18 percent
of total national rail traffic is truck competitive. Implicitly, the combination of
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FIGURE C-16
POTENTIAL NON-HIGHWAY MODE IMPACTS
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these assumptions means that the cross-price elasticity on rail's truck competitive

4/

traffie is about 0.85, consistent with available disaggregate traffic demand studies.=

Estimates of base case rail rates for truck competitive traffie, necessary
to estimate CASE II revenue and profit changes, are roughly one-third of estimated
truck rates, or about 13.3¢ per ton-mile in 1985 dollars. Clearly these are gross

estimates which will vary by region, commodity, shipment size and shipment distance.

Changes in the levels of rail rates, shown as CASE II, in response to increased
demand, depend on railroads' market power and the nature of their marginal cost
of producing additional ton-miles. The exact nature of this response would be difficult

to estimate.

The nature of the maximum potential rail rate increase depends on the way
shippers and receivers perceive costs. Discussion in the literature on mode choice
suggests that shippers are concerned with either relative or absolute price differences.
Shippers' perceived shipment costs might be expressed as the sum of transportation
costs plus some other costs, which might include serviece, carrying costs, and other

costs. This expression for total shipment costs can be written:
SC=TC+ OC,

where, SC represents total shipment costs,
TC represents transportation costs, and

OC represents other costs.

If shippers choose to distribute traffiec on available modes until the costs are equated,
i.e. they are indifferent between the alternatives, then the total perceived cost
among modes would be equal. In the case of two modes, rail and truck for example,
this might be expressed either as:

C-37



SCp/SCg =1, (TCp+OCATCy+0Cg)=1,

depending on whether shippers are concerned with absolute or relative cost differences.

Tax-induced changes in truck price can be expressed as:
*
SCpy = TCp+ ATCp + OCyp

3
where, SCT represents total truck shipping costs after trucking price changes,
and
ATCT represents the level of trucking price change induced by tax

or other changes.

The largest potential rail rate increase, assuming other shipping costs remain
constant, is one of the same absolute level as the truck rate increase, i.e.,

£TC, = ATCr.

R T

Since, under this extreme, traffic levels are assumed to remain constant
at the base case levels, that is, rates will rise on all competitive traffic to the point
where no new traffic is accepted, costs will likely remain constant. Therefore,
profit and revenue changes will be equal, and can be estimated as the rate increase
multiplied by rail's truck competitive traffic volume. This can be expressed as

AP= AR= TC,*TM

R R’

where, AP represents profit changes,
AR represents revenue change, and

TM represents rail's truck competitive ton-mile volume.

Trueck rate changes need to be caleulated if financial impacts on trucking
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firms are to be considered. These can be used to derive ATCp (=a TCT). Estimating
rail's truck competitive traffic volume presents a difficult problem. In the Federal
user charge study, an analysis of traffic volumes recorded in the Bureau of Census'

1977 Commodity Transportation Survey served as the basis for determining rail's

truck competitive traffie. This survey provides State level detail and is available

for such analysis.

Tabulations shown in Summary Table IV-7 of the Survey define traffic by
mode, shipment size and shipment distance. For the purpose of the Federal study
traffic was defined as truck/rail competitive if both modes showed at least 10 percent
of the total ton-miles in the weight/distance cell. Since the Survey contains estimates
of manufactured goods only, a separate analysis of bulk shipments considered truck/rail
competitive was also conducted. This analysis suggested that of rail's total traffie,
18 percent was truck competitive. Specific analysis would have to be conducted
for each region to determine the correct competitive volumes.

Case I and Case II represent extreme positions which if, as is generally held,
rail traffic is price inelastic, bound the possible outcomes. The likely response

is probably between these extremes.
MACROECONOMIC IMPACTS

It should be kept in mind that if increases in taxes are matched by equal
increases in expenditures on highways, broad regional impacts on economic activity
and employment will likely be offsetting, where negative tax impacts are offset
by positive expenditure impacts. It will, therefore, be necessary to focus analyses
on individual economic sectors to deseribe impacts of specific concern and the
impaects on overall State activity. Such an approach to an analysis of local economic
impacts might rely on locally available interindustry models or detailed sectoral
analyses.
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ESTIMATING IMPACTS OF TRUCK SIZE AND WEIGHT LIMIT CHANGES

INTRODUCTION

Truek size and weight (TS&W) limit changes can be used to promote equity
and/or economic efficiency in terms of the cost-allocation/tax-revenue ratios analyzed
in cost-allocation studies. Thus TS&W limit changes can be viewed as another instrument
for implementing cost-allocation findings, either in tandem with tax-structure changes
or in place of them. For example, tax changes (especially increases) might be politically
difficult (or impossible), or socially or economically undesirable; an impact analysis
might show that tax increases would cause too much inflation, or unduly injure

a segment of the population or another transport mode.

Changes in truck axle load limits, gross vehicle weight limits, and vehicle
width and length limits, as well as previously prohibited multiple unit combinations,
directly affect the payload carrying capacity of individual vehicles. Vehicle capacity
changes affect total truck traffic (e.g., larger trucks mean fewer trips per given
volume of freight shipments) as well as axle load and gross weight distributions.
They also affect truck operator costs to transport a given volume of shipment.

Motor carrier cost changes in turn may be reflected by changes in freight charges

to both shippers and receivers. If highway freight service prices change significantly
because of these changes in operating cost, the intermodal competitive relationships
may be disturbed and some shift of markets between truck and rail modes may
result. Modal shifts in turn cause additional changes to the truck traffic volume,
axle load and gross weight distributions. Changes in each of the limits affects the

various types of trucking operations differently.
Analytical methods and data used by the Federal studies of TS&W limits

are documented and available to States on request. Data files and computer programs

are being prepared at the DOT Transportation Computer Center for FHWA use
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in future national studies. Some of these data may be of interest for an individual
State study and in some cases may serve as default values in the absence of State

specific data. These will be available from FHWA, Office of Program and Policy

Planning, Transportation and Socio-Economiec Studies Division (HPP-10).

In general, analytical methods and data which are adequate for aggregate
national level studies tend to be too coarse for specific regions or for individual
States or markets. The measure of traffic volumes is different for the national
and for State studies. The national studies use annual vehicle miles of travel (VMT)
and annual payload ton-miles over the entire highway system. State studies use
average daily traffiec (ADT), and truck trips on a specific segment of highway.
However, the variables considered in the national studies should be relevant and
some of the intermediate data files may be helpful in estimating traffic changes
on State highways if locally collected State or regional level data are insufficient.

The objective of a State study may be to project the likely impact on the
State's own highway maintenance imposed by TS&W limit changes in other States.
The State study may have to project a series of annual estimates which explicitly
incorporate the period of transition from the old equilibrium to the new equilibrium
vis-a-vis the TS&W limits. If this is the objective of a State study, then the rates
of implementation of the various shifts must be estimated in addition to the estimated
magnitude of the shifts. This may be more manageable in a State study with a
limited scope and sharper focus than in a national study, assuming adequate data
and study resources are available.

Certain elements of the national studies are relevant to State studies. One
major consideration in the Federal TS&W study is the disaggregation of traffic
within the State into intrastate traffic constrained by TS&W limits in the State
of the study and interstate traffic constrained by limits in other States. Another
consideration is the segregation of traffic impacts attributed to shifts of markets
between modes from those attributed to shifts of truck traffic among gross weight
groups and among truck types.
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"Load shift" procedures in current use are applied to truck trip distributions
rather than to the distributions of payload carried. Implicit in the current procedures,
which evolved from past statistical studies, is the assumption that aggregate truck
payload ton-miles grow with the increased limits. This growth is implied to come
from either new demand induced by lower truck freight costs and/or diversions
from rail attributed to lower truck freight rates. The procedures recommended
here involve converting cumulative distributions of truck trips among operating
gross weight intervals into payload distributions, then applying load shift procedures.
After load shifts are estimated, the process is reversed by reconverting the shifted
curve back to truck trips and axle loads distributions. In this way, aggregate payload
is neither created nor destroyed in the shifting process. Growth in total truck transport

demand and modal diversions should be treated explicitly and separately.

A third relevant matter in the national studies is the explicit segregation
and separate treatment of size limit changes on volume-limited trucks and the
impact of axle load and gross weight limit changes on weight-limited trucks. Previous
load shift methods have treated only weight limit impacts. The approach in this
study was to isolate the weight limited traffic by analyzing traffic only from the

high end of the cumulative distribution of the weight curve.

VEHICLE CAPACITY IMPACTS

Truck volume capacity is constrained by limits on the length, width and height
of the cargo carrying unit. The weight capacity is constrained by limits on axle
loads, number and configuration of axles, and gross vehicle weights. Each of these
types of limits has different effects on each type of truck operator or highway
user group. Short-haul truck operators, who seldom fill trucks either to the volume
capacity or the weight capacity, are unlikely to change the frequency or pattern
of trip making in response to limit changes except as an indirect consequence of

substantial changes by other operators with whom they interchange traffic.
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Trueks carrying low density cargoes ("balloon freight™) will have little interest
in increased axle loads or increased gross weight limits but will be quick to take
advantage of increases in the volume capacity. Trucks servicing high-density-freight
markets will have little interest in increased length, width or height limits (assuming
they currently comply with axle load and gross weight limits). Axle load and/or
gross weight limit increases will, however, increase the weight payload of trucks
used in these services. Such shifting of activity among types, sizes and weights
assumes the truck operators are unconstrained by their finanecial status, labor, or

equipment availability, or competitive position.

It is advisable to segregate the total State traffic into two streams, using
vehicle class and body type and/or commodity carried to differentiate the potentially
volume constrained from the potentially weight constrained trucks. State level
truck weight study (TWS) data may be used to classify all trucks using the appropriate
codes. These codes are presented in Figure C-17. The TIUS body type bridge is
Figure C-18. A minimum of three vehicle classes (e.g., single units, semi-trailer,
and other combinations) and a maximum of 13, with a minimum of two body types
(e.g., vans, other) and a maximum of ten, should suffice for these analyses.

Given a selection of vehicle classes and body types, a maximum value for
volume capacity and maximum practical operating gross vehicle weight (MPOGV W)
may be calculated for each vehicle class and body type subgroup under the old TS&W
limits and then under the projected new limits. Effective payload capacity, however,
depends on the physical attributes of the freight being transported. It is, therefore,
necessary to establish relationships between truck body types and commodities
carried. TWS data may be used to develop distributions of commodities among
truck body types and/or vehicle classes among commodities. Such distributions
for the State, for the nation as a whole, or for other areas with similar economic
activity (or presently permitting use of the anticipated vehicle types) together
with State level commodity flow data will support estimates of the demand for
specific types of trucks.
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FIGURE C-17

TRUCK CLASSIFICATION, CONFIGURATION SYMBOLS AND TWS CODES

SYSTEM VEHICLE
CLASSIFICATION

Light Trucks
2 Axle, <10K GVW

Single-Unit Trucks
2 Axle, >10K GVW

Single-Unit Trucks
3 or More Azles

Tractor, Semi-Trailer
3 Axles

Tractor, Semi-Trailer
4 Axles

3 Axle Tractor, 2 Axle
Semi-Trailer

Other Tractor Semi-Trailer
5 or more Axles

Tractor, Semi-Trailer
+ 1 or 2 Trailers,
5 or More Single Axles

Tractor, Semi-Trailer
+ Trailer, 7 Axles

Tractor, Semi-Trailer
+ Trailer, 8 or More Axles

Truck + Trailer
3 or 4 Axles

Truck + Trailer
5 Axles

Truck + 1 or 2
Trailers, 6 or More
Axles

CONFIGURATION
SYMBOL

28

2D

34, 44, 5A, 64, TA, 8A
251

252, 351

352

953, 254, 383, 354

2S1-2, 251-2-2,
3S1-2-2, 3S1-2
3S2-1, 3S1-1, 2S1-1, 252-1

352-2, 252-3
3S3-1

3S2-3, 352-4, 353-2
3S3-3, 353-4
2-1, 2-2, 3-1

2-3, 3-2
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TWS VEHICLE
CODE
20,21
22
23-28
321
322, 327, 331
332
323, 324, 2333 but <40
5212, 5312, >70 but <80
5222, 5213, 5321, 5311
5221. 5211
5322, 5223, 5313, 5331
5323, 5324, 25332 but
<60
421, 422, 431

423, 432

424, > 433 but <50
2 60 but < 70
2 80 but < 90



1 Pickup
2 Van

3 Reefer
4 Moving
5 Flat

6 Dump
7 Tank

8 Utility
9 Auto

10 Other

FIGURE C-18

TI&U BODY TYPE BRIDGE

Ti&U Code

01, 02, 03

11, 12, & 13

08 & 09

10

04, 05, 06, 07, & 17
40

50 & 60

1

18, 19

15, 16, 20, 30, 70
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TWS Code

11, 12, 14, 15,61

28, 31,32, b1, 54, 75

42,

43

21, 22, 23, 24, 25, 26, 27
33, 34, 35

51, 52

13,53, 63,73, 78

62, 64, 77

71,72,74,76



Having segregated volume limited trucks from weight limited trucks, it
is necessary to further segregate traffic streams constrained by the study-State's
limits and those constrained by limits of other States. If the limits projected to
change are the State's own limits, then all traffic currently constrained by these
limits should be isolated from all other traffic. If a State is planning to raise limits
which are presently lower than other States, its limits are most likely constraining
both intrastrate and interstate volume-limited or weight-limited truck traffic
within its boundaries. The study should therefore isolate such traffic. If a State
is not planning to change its limits, but expects others to change theirs, then the
study-State traffic, which must pass through the States with changes, either before

or after entering the study-State, should be isolated.

If a State cannot identify such traffic via sample surveys of trucks operating
within the State and/or shippers and receivers of interstate shipments in the State,
then data from the U.S. DOT studies?’
estimates of the relevant traffic streams as a proportion of the total State traffic.

may be of some help in establishing rough

TRUCK TRAFFIC IMPACTS

This section deseribes procedures developed for use in the Federal studies
and offered here as a general guide for State analysts who may wish to develop
analogous procedures. To make the discussion more applicable to a State study,
the traffic measurement units have been changed from vehicle-miles of travel
to truck trips, and the payload measurement units have been changed from ton-

miles to tons.
The effects of changes in truck size and weight limits on truck traffic are

generally measured in several dimensions. For the typical lane mile of each functional
class of highway within the State, the total vehicles, the distribution of these
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vehicles by operating gross weight, the number of axles of each type and the distribution
of these by load are projected. Given a projected base case for a forecast year

as defined in Appendix D, traffic effects of the projected changes in TS& W limits

are estimated by a procedure involving the shifting of aggregate vehicle payload

by vehicle class and by body type among gross weight intervals, vehicle classes,

highway functional classes and, if appropriate, among competing modes. The focus

of all this shifting is the transportation demand, measured in tons of payload, the
aggregate of which does not change for a given year's forecast. Modal diversions
attributed to the TS&W limit changes are treated separately.

For example, if axle load limits and/or gross weight limits are increased,
a portion of the cumulative distribution of payload tons is shifted to the right
and the percent of total tons and the related truck trips for each vehicle class
and body type must be recomputed for each operating gross vehicle weight interval.
Only the portion of the curve representing the limit-constrained trucks is shifted.
Empty truck trips related to the reduced trips of loaded trucks should be estimated
and adjustments made to the truck trips in the weight intervals representing the
empty trucks. This general procedure can be followed for each of four types of

limit changes as indicated in the following four subsections.

Average Payload Shift Among O.G.V.W. Intervals Attributed to Change in Weight Limits

Average payload is the weighted average of loaded and empty weights.
A change in axle load limits and/or gross vehiele weight limits will change the
practical maximum gross vehicle weight (PMGVW). If one assumes a proportional
change in the average empty weight of specific vehicle classes, the average payload
of all truck activity which is weight-capacity limited would change in direct proportion
to the change in the PMGVW.
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One may also take the opposite extreme position by assuming that small
changes in weight limits (e.g., 73,280 to 80,000 Ib.) will not entail increased tare
weight of the trucks involved. An intermediate position may be more accurate.
One may assume an increase in tare weight less than the percentage increase in
gross weight but greater than zero. In this case, average payload would increase

less than proportionately to the increase in limits.

Non-weight limited truck activity would be unchanged by the new legal limits
under either assumption except that empty mileage associated with the weight
limited truck activity would be changed in proportion to the change in vehicle miles

required to carry a given annual tonnage.

Figure C-19 describes, graphieally, the general procedure for payload shift
developed for FHWA use in national studies. It represents a modified version of
the Texas State Department of Highways and Public Transportation approach which
in turn is an expansion of the National Cooperative Highway Research Program
Report #141 procedure. Figure C-20 provides some default values for these starting
points. The specifics of the method are as follows:
(a) Given a payload ton distribution among operating gross vehicle weight
(0.G.V.W.) intervals, (each interval's value assigned to the midpoint
of the interval) the following steps apply. Figure C-21 shows methods
for estimating average payload for each interval used in the Federal
studies.
(1) Establish the interval start point (SGVW) of the payload shift.
Ref. Figures C-19 and C-20
(2) In order to provide for either of the above tare weight assumptions,

the analyst/user has the option of two equations for the maximum
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FIGURE C-19

CUMULATIVE TRUCKS & PAYLOAD DISTRIBUTIONS
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FIGURE C-20

DEFAULT VALUES FOR SGVWW & SGVWV

Lower Limit of

Interval in Which

Vehiele Class Code Cumulative % =
SGVWW SGVWV
7+8 50 50
9 50 50
10 + 11 33 50
12 33 50
13 75 50
14 + 15 50 50
16 + 17 50 50
18 50 50
Where:

SGVWW = Start of GVW distribution load shift for weight limit changes.
SGVWV = Start of GVW distribution load shift for vehicle length and width

limit changes.
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FIGURE C-21
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pay load shift factor. Equation #1 for the assumption that tare
weight increases in proportion to the PMGVW increase and equation
#2 for the assumption that tare weight remains essentially constant.
Calculate the maximum payload shift factor (MPLSFW) by either

equation #1 or #2.

Equation #1: MPLSFw = EMGVWP .y, yprspw = PMGVWP - AEWP

PMGVWF PMGVWF - AEWP

where:
MPLSFW = Maximum Payload Shift Factor for Weight Limit
Changes
PMGVWP = Practical Maximum G.V.W, under Present Limits
PMGVWF = Practical Maximum G.V.W. under Future Limits.
AEWP = Average Empty Weight-Present

(3) Calculate the interval payload shift factor for each interval between
the start point (SGVW) and the PMGVWP

1.0 - MPLSFW nu
NU

IPLSFU = LO -

where:
IPLSFU = interval payload shift factor for intervals below the PMGVWP
NU = The number of intervals between SGVW and PMGVWP

nu = The number of the interval from SGVW

(4) Calculate the interval payload shift factor for each interval between
the PMGVWP and the end point (PMGVWF + 1 interval)

1.0 - MPLSFW no
NO

IPLSFO = MPLSFW +
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where:

IPLSFO = Interval shift factor for intervals above PMGVWP
NO = The number of intervals between PMGVWP and end point
no = The number of the interval from PMGVWP

(5)

(6)

(7)

Multiply the midpoint value of each affected O.G.V.W. interval
of the base case payload ton cumulative percent distribution
by the appropriate IPLSF to produce the alternative case (payload

shifted) eumulative percent distribution.

Calculate new payload ton values for each O.G.V.W. interval
affected by the alternative. Multiply the new interval percent
by the base case total payload tons for the O.G.V.W intervals.

Divide the payload tons in each interval by the average payload
for each interval to produce the new truck trips in each cell.
Do this for each highway class, vehicle class, and highway user
group affected by the weight limit ehange.

New axle load distributions for the new TS& W limit case are calculated as

in the Base Case defined in Appendix D,

(b) Adjust the truck trips in O.G.V.W cells below the S.G.V.W. for reduced
empty trips for each vehicle class affected by the payload shift. Compute
the difference between the base case truck trips above the SGVW and the
alternative case truck trips above the SGVW. Multiply this difference by

an appropriate empty/loaded ratio and subtract or add (as appropriate) this
value from or to the truck trips in the lowest OGVW cell of the vehicle class.
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Payload Shift Among O.G.V.W. Intervals Attributed to Change in Vehicle
Width or Length Limits

A change in the width of trucks (e.g., 96" to 102") or length of cargo body
(e.g., 45 ft. to 48 ft. trailers) also changes the practical maximum gross vehicle
weight (PMGVW):/ If, again, we assume only minor change in the average empty
weight of specific vehicle classes, the average payload of all truck activity which
is volume capacity limited would be changed in proportion to the change in allowed
volume capacity of the vehicles. However, volume capacity increases are not obtained
without vehicle tare weight penalty. The indications are that truck tare weight
increases about one third as quickly as volume capacity increases for trailer lengths
between 40 and 50 ft.é/ It can be assumed that similar proportional tare weight

increases occur with width increases (unless more accurate estimates are available).

The following procedure can be used to estimate the shift in payload to higher
gross weight vehicles attributed to volume capacity increases. The payload weight
is estimated to increase proportionately with the increase in volume, assuming
that the average payload density of the loaded freight remains constant. The national
average value for general commodity shipments of 11-12 pounds per cubic foot
may be used to calculate the volume-limited gross vehicle weight of the trucks
under the present limits. This value may be replaced by a more accurate value,

if known, for the commodities actually involved.

1. Isolate the traffic and body types that are affected in the base case
payload ton distributions.
2. Given the payload ton distribution among O.G.V.W intervals (base case

or weight limit alternative case).

*/

- If both size and weight limit changes are analyzed, the procedures outlined

in the previous subsection and this subsection would be applied in sequence.
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(a)

(b)

Establish the interval start point (SGVW) of the payload shift
and the end point (VLGVWF + 1 interval)

Calculate the maximum payload shift factor (MPLSFV)
MPLSFV = (VLGVWP-AEWP) / (VLGVWP(TVCF/TVCP) -
AEWP (1.0 + .333 * (TVCF-TVCP) / TVCP)))

where:

(c)

(d)

MPLSFV = maximum payload shift factor for volume (length
or width) limit change

TVCF = truck volume capacity under future limits

TVCP = truck volume capacity under present limits

AEWP = average empty weight present

VLGVWF = volume limited gross vehicle weight, future

VLGVWP = volume limited gross vehicle weight, present (computed

at 12 1bs/ft%)

Calculate the interval payload shift factors as in (2)(3) and (a)(4)

of the previous subsection on shifts attributed to change in weight

limit.

Calculate the new payload tons, truck trips and axle load distributions

as (a) (5,6,7) of the previous subsection and Appendix D.

Adjust for empty trips per (b) of the previous subsection.

as used below.

Payload Shift Among Vehicle Classes Attributed to Change in
Vehiele Class Prohibition

Prohibition of specific vehicle classes (e.g., combinations with full trailers)
often constrain motor carriers from using the lowest cost vehicle class in certain
markets. Therefore removing such prohibitions should result in shifts to the formerly
prohibited vehicles. The traffic impaects are different depending on whether the
change in prohibition is or is not accompanied by gross weight limit changes. Specific

examples of changes were considered in Federal studies rather than generic cases
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Compute the shift as follows:

Compute the ratio of the transportation cost of pairs of vehicle classes that
are likely alternatives for shorthaul and for longhaul traffic. Body types and commodities

will be a function of the State's economic activities.

(1) For each body type affected, calculate the average transportation
cost in dollars per ton-mile of payload for the base case operations.

(2) For each body type affected, calculate the average transportation
cost under the alternative case (i.e., large combinations operating
on the designated network).

(3) Calculate the base case payload tons associated with the vehicle classes
and body types affected and multiply by the relative difference between
the ratio of the base case cost and the new system cost and multiply
by the elasticity value.

(4) Subtract the resultant value (the shifting payload tons) from the donating
vehicle class and add to the receiving vehicle elass.

(5) Factors for distributing the losses and gains among the donating and
receiving vehicle classes and among their respective O.G.V.W. intervals
should be estimated. Because there will likely be no State-specific
base case distribution, another vehicle class in the State or the receiving
vehicle class from some other State may be used as the source of a
surrogate distribution.

(6) Truck trips for this alternative are calculated as in (a)(7) (in the previous
section) and adjusted for empty trips as in (b) above of the subsection

dealing with changes in weight limits.
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With No Change in Gross Weight Limit

When prohibitions against 65-foot doubles are eliminated, with no change
in the gross weight limit, the increase in potential volume capacity may be realized
only by carriers who transport low density freight shipments. In such cases, a shift
of payload tons is likely from the largest volume capacity trucks permitted before
the change to the newly permitted doubles. For short hauls, which are typical for
intrastate traffie, the shift to doubles will be considerably less than for the longer
hauls typical for interstate traffic. The shift will be greatest in those markets
and for carrier services with the greatest savings in transportation cost between
the present vehicle class and the newly permitted vehicle class. The magnitude
of the shift may be estimated as a function of the difference in transport cost between
vehicle classes and the price elasticity values for affected traffie (possibly derived
from analysis of markets where such vehicles have been used).

In order for substantial shifts of short-haul traffic to take place among vehicle
classes the change in restrictions must apply to the majority of principal arterials
within the State. If the TS&W limit alternative being studied changes the restrictions
only on certain highway classes serving only interstate traffic, it must be assumed
that intrastate traffic shifts among vehicle classes will be relatively small, while

the interstate traffic shift may be relatively large.

With Change in Gross Weight Limit

When a prohibition against 65-foot doubles is eliminated in combination with
a change in gross weight limit, the increase in volume capacity is acecompanied
by an increase in weight capacity, for example, when axles are added to the combination
(e.g., tandem axles in lieu of single axles). The prohibition elimination must be
uniform among highway classes or very little shift of short-haul traffic is likely.
Calculation of the payload shift among vehicle classes is identical to that for shifts
attributed to change in weight limits.
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With Change in Gross Weight and Length Limits

When restrictions on multiple unit combinations are liberalized, together
with increases in overall length of the combination and with the gross vehicle weight
controlled by the bridge formula,-7—/ a substantial shift will occur from lower capacity
combinations to the newly permitted higher capacity combinations. For example,
a long-haul interstate network, using two and three unit combinations with total
lengths of 110 feet, and gross weights controlled by Bridge Formula B, would probably
inelude highway links attractive to both the long-haul of manufactures as well as
the local or regional movement of heavy bulk commodities. In such cases some
short-haul traffic shift from conventional semi-trailers to the newly permitted
combinations would oceur along with the associated shifts in traffic to highway
classes designated as part of the new network. The magnitude of the shifts may
be estimated as a function of the change in the relative cost of transporting commodities
using the current and the new rigs. A price elasticity value may be estimated and

used as suggested earlier.

Payload Shift Among Highway Classes Attributed to Change in
Limits Among Highway Classes

Given a base case highway class distribution of State level truck trips, shifts
of long-haul and short-haul traffic among highway classes might ocecur in response
to any changes in size or weight limits on specific classes of highway. A change

in State regulation could involve one or more of the following:

(1) Prohibiting the use of specific highway classes by certain vehicle classes,

(2) Eliminating restrictions on certain vehicle classes from specific highway
classes,

(3) Changing (either increasing or decreasing) size and/or gross weight

and/or axle limits on specific classes of highways.
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If one or more of these changes is sufficient to significantly affect the relative
cost of operation among vehicle classes and body types and among highway classes
within a State, then a shift of truck activity from the higher to the lower cost highway
class will probably occur in proportion to the change in the relative cost.

The magnitude of the shift should be estimated separately for long haul and
for short haul traffic as a function of the change in the relative cost of operating

on two alternative classes. Price elasticity values may be used.

If the change is applied to only a small percentage of the route miles in a
State, the price elasticity value for the short haul traffie should be modified to
reflect the lower route availability for the larger trucks. An adjustment factor
which reflects the proportion of the State highway mileage involved may be used.
Using mileages shown in Highway Statisties, Table HM-20, calculate the ratio of

the miles which have been changed to the total State miles, for all functional classes
(except local). Apply this ratio to the price elasticity as an adjustment factor.

Compute the shift as follows:

(a) Compute the ratio of transportation cost ($/ton) via the alternative
highway classes for each type of traffic.

(1) For each vehicle class and body type affected, calculate the
average transportation cost on the competing highway classes
in dollars per payload ton. Divide the lower average cost by
the larger average cost producing a ratio less than one. Do this
for the Base Case. ,

(2) Perform the same caleulation for the alternative TS&W limit

case.
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(3) Divide the alternative case ratio of average costs by the base
case ratio of average costs (x100) to obtain the percent change
for each vehicle class affected.

(4) Multiply the total base case tons of each effected vehicle class
by the percent (x 100) obtained in a(3) above. Subtract the shifting
tons from the donor highway elass and add the same tons to the
receiving highway eclass for each affected vehicle class. Figures

C-22 and C-23 provide examples of this calculation.

(b) The distribution of the gains and losses among O.G.V.W. intervals will
probably remain unchanged as they shift highway classes in the case
of vehicle elass prohibition changes. In the case of changes in weight
limits, a shift among O.G.V.W. will accompany the highway class shift,
which means that this highway class shift must be preceeded by the
shift among O.G.V.W. intervals.

(¢) Adijust for empty trips in the lowest non-zero O.G.V.W. interval.
HIGHWAY USER OPERATING COST AND TRANSPORT PRICE IMPACTS

Savings in operating costs of vehicles using an improved section of highway
are generally presented to the decision makers as the economic benefit of a proposed
improvement. For example, a straighter, flatter, smoother, higher speed segment
of highway is projected to reduce the travel time, truck operator fuel costs, vehicle
maintenance, and driver and other labor costs for each trip. Greater average speeds
allow opportunity for more trips per year with the same truck and the smoother
ride and reduction of congestion extends the life of the vehicle. All of these impacts

mean a reduction in the vehicle operating costs per truckload of freight hauled.
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FIGURE C-22

EXAMPLE OF HIGHWAY CLASS SHIFT

Given: (Hypothetical Data for Example Only)

Calculate:

1)

2)

3)

1)
2)

3)
4)

5)

6)

Base case % distribution among highway classes of combination
trucks.

Base case cost advantage of $1.00/payload ton of rural interstate
highways over rural other principal arterials eliminated by increased
size or weight limits on other principal arterials .

Price elasticity of unity,

Base case distribution of vehicle classes impacted by limit changes.
Calculate base case ratio of per payload ton cost on interstates

and on other principal arterials.

Calculate alternative case ratio -

Calculate the percent change of the alternative ratio from the

base case ratio.

Calculate the absolute value of the base case vehicles on the

rural interstates.

Subtract this value from the rural interstates and add it to the
rural other principal arterials.

C-61



FIGURE C-23

EXAMPLE OF HIGHWAY CLASS SHIFT

Base Case % Vehicles Alternative Case
Vehicles x 103 Shift Shifted Vehicles x 103
Rural
01 40.2 5.0% -2.0 38.2
02 5.3 - +2.0 7.3
06 2.0 - 0 2.0
07 + 08 0.6 - 0 0.6
Urban
11 +12 43.7 - 0 43.7
14 5.8 - 0 5.8
16 1.6 - 0 1.6
17 0.8 - 0 0.8
TOTAL STATE
100.0 100.0

Base case transport cost per payload ton _

on interstate (01) $20.00

on non interstate principal arterials (02) $21.00

Ratio = 22:90 = g,9524

21.00

Alternative case transport cost per payload ton

on interstates (01) $20.00

on non-interstate principal arterials (02) $20.00

Ratio = 22400 = 1 0000
20.00

Ratio % change from base case = 5.0
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In the same way, increasing truck payload eapacity by increasing size and/or
weight limits is expected to increase the total payload more than the fully allocated
cost of the trip, thus decreasing the average total cost per unit transported.

In considering the added costs of providing the new segment of highway or
the higher size and/or weight limits, the State study must include estimates of
the aggregate cost reduction for all highway users and the aggregate increases
-in the State's total costs to provide the required highway quality (i.e., a cost/benefit
analysis).

If the effect of the TS&W limit changes (e.g., axle load limit) is to reduce
only the over-the-road (line-haul) operating costs, then these costs are all that
need be analyzed to estimate the aggregate savings for truck operators. If limit
changes affect terminal area costs of motor carriers (e.g., by use of doubles), then
these costs must also be estimated. If the relative significance of the savings to
transportation serviee users is to be estimated, total carrier system costs including
overhead, general administrative costs, and returns or profits must also be estimated.

If the market is highly competitive, estimated truck operator cost reductions
from TS&W limit change can be assumed to be "passed-through" in freight rates.
Conversely, if competition is light or the profit margin for the service had been
too small to justify new investment, then the cost savings attributed to the limit
change may be in large part retained internally as a contribution to overhead and
profits. In this latter case, the truck transportation prices to the transportation

service users remain essentially unchanged.
After deciding on the scope of the proposed cost/price impact study and

the variables to be included, the analyst is faced with the question of how to obtain
the needed cost data. The most appropriate costs are those derived from the potentially
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affected truck operations within the State. Often the analyst is forced to obtain
costs from a variety of "foreign" sources representing services that only vaguely
resemble the truck operations under investigation. Regardless of the source, the
level of detail must offer sensitivity to the size and weight limits and comprehensive

representation of all affected cost elements.

A change in vehicle length and/or width may change the vehicle purchase
price and, therefore, the vehicle ownership costs; it may change the aerodynamie
drag and, therefore, fuel consumption. A change in the weight of the vehicle may
affect the maximum practical payload weight to haul high density cargo, but may

not significantly affect the per mile operating cost.

The cost difference attributed to a TS&W limit change should be calculated
on the basis of the fully allocated (or long run average) cost to transport a given
volume of freight in a given market. If certain cost elements are determined to
be unchanged by the TS& W limit changes, then they are held constant while the
affected elements are adjusted to reflect the new limits. If payloads are expected
to shift among vehicle classes, then the costs of vehicle classes affected under
the base case limits and under the projected limits should be estimated. If payloads
are expected to shift among highway classes, then the costs of operation on the
affected classes should be estimated. Costs may be computed on a vehicle mile
basis and aggregate cost differences calculated as the produect of the unit cost and
the total vehicle miles involved. If shifts between vehicle types and/or between
modes are to be estimated, the per mile costs must be divided by the payload weight

8/

to obtain a comparable per ton-mile cost.=
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MODAL DIVERSIONS

Underlying the procedures outlined in this chapter for the analysis of truck
size and weight limit changes is the assumption that aggregate freight trucking
demand (ton-miles of freight shipments) remains constant, despite the many disaggregate
redistributions of vehicle payloads among vehicle classes, operating gross vehiele
weights and highway classes. The transport demand forecast for truck freight services
may include a variety of assumptions about the trends in truck market share, vis-

a-vis its modal competitors, attributed to factors other than TS&W limit changes.

Isolation of the payload shift to (or from) truck from (or to) its modal competitors
(primarily rail) attributable only to TS&W limit changes is a concomitant concept
underlying these procedures.

The interest of a particular State study may be in the effects of TS&W limit
changes on rail earriers (or other modes) serving the State, or it may be solely to
obtain a more accurate estimate of highway traffic impacts. Several analytical
options are available to the State analyst for estimating potential modal diversions
attributable to size and weight limit changes. None of these options alone will
provide fully satisfactory results, particularly at the State level. The choice will
depend on the specifies of the State situation.

All the options involve two preliminary steps. The first is estimating the
change in the price of the truck services attributed to the specifie size and weight
limit changes. The second is estimating the corresponding change in the price of
the competing rail services. The latter may range from a rail price response equaling
the reductions in truck prices in an attempt to retain market share to no change
in eurrent rail prices which risks loss of portions of the competitive traffic.
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To some extent the choice of methods for estimating modal diversions depends
upon the category of truck services affected by the specific truck size and weight
limits and the level of concern over the modal diversions involved. Different methods
are effective for short haul, intrastate transport of low unit value bulk commodities
and other methods are effective for long haul, interstate transport of high unit
value manufactured goods. Different levels of detail are needed for gross estimates
of impacts on highway traffic as opposed to identification of specific traffic potentially

diverted and the resultant revenue loss to particular carriers.

A rough estimate of potential State diversions available to the State analyst
is found in the estimated regional diversions from the Federal DOT reportg/ for
specific size and weight limit scenarios. If this approximation indicates that the

issue is important enough to proceed with more detailed analyses, then the following

procedures might be considered.

One approach is to isolate all truck operations with no significant modal
competition from the total State level truck traffic and delete them from the analysis
of modal diversion. These may be identified by commodity transported, by haul

distance, by truck type or by payload level.

Another approach is to isolate the portion of each truck class for which there
is substantial rail competition. The Truck Weight Study data for the study-State,
and/or adjacent States, compared with data from the Federal Railroad Administration's
one percent rail waybill samplel—o-/ will provide commodity and geographical detail
for rail carriers serving the State. Absence of rail traffic for specifie commodities
with origins or destinations on rail lines serving the State will indicate a lack of

rail competition. Data from the U.S. Bureau of the Census, Census of Transportation,

Commodity Transportation Survey, also provide detail of commodities shipped by

various modes. The proportion of each vehicle class that appears to have substantial

rail competition, when applied to the State level annual total truck trips (average
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daily trips expanded to annual), provides an estimate of the truck trips susceptible
to increase from rail diversions if the truck prices are reduced (or decrease if the

truek prices are increased).

Having estimated the maximum potentially divertable traffic by these means,

the analyst has several options for the final step:

a)  Use the identified competitive traffic as a guide for detailed analysis
of industries within the State and their inbound and outbound transport
requirements. Use these results to estimate the current rail shipments
which are divertable based on the estimated truck price reductions.
Conversely, the analyst can estimate the truck traffiec which might
be diverted to rail if the truck prices are increased.

b) Use the identified competitive traffic as input to one of several proprietary
shipper-mode choice models available through transportation management
consultants.

e) Use the identified competitive traffic with commodity group and shipment
size-specific elasticity parameters to calculate the increase in truck
transport demand as a function of the change in truck price. This approach
was used in the U.S. DOT studies.

The choice of methods will depend also upon whether intrastate traffic or
interstate traffic is most likely to experience substantial modal diversions, If relatively
short-haul, intrastate transport of large volumes of relatively low value shipments
are involved, method (a) above is likely to produce the most accurate estimates.

If the limit changes have their greatest impact on interstate, long haul traffic,
then methods (b) and (c) are most appropriate. Method (b) offers the opportunity
to tailor the analysis to the specific needs of the State study and (c) offers the
lowest cost and quickest results. Method (e) can also be tailored to the specific
State markets if appropriate elasticity parameters are developed.
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APPENDIX D

STUDY DATA REQUIREMENTS

The purpose of this appendix is to analyze the data needs of and forecasting
methods related to truck size and weight limit changes, and to provide the analyst
with references to regional data sources available from the Federal government
and selected data items available from FHWA's updated analysis of user charge
and truck size and weight limit alternatives. It supplements the discussion of data
requirements and forecasts in Volume I, Chapter V.

This appendix has four sections: an analysis of the data needs and forecasting
methods related to changes in truck size and weight limits, references for Federally-
compiled regional data, data on axle weight observations for heavy vehicles, and
vehicle fleet size characteristics and ownership. Figure D-1 lists data items and
classifying variables thought to be useful for organizing the data collection effort.
Figure D-2 lists items and variables appropriate for truck size and weight limit change
impact analyses. Figures D-3 and D-4 show factors useful in forecasting weight
and load distributions for size and weight limit changes. Figure D-5 contains data
at a national level of average axle-loads for various truck configurations. Figure
D-6 is a tabulation of data on fleet size and characteristies from ongoing FHWA
research. These data are intended only to provide indications of certain value ranges
and as a preliminary focus for the data gathering effort.
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TRUCK SIZE AND WEIGHT LIMIT CHANGES

The analyses of the effects of truck size and weight limit changes on highway
traffic volumes, axle load distributions, highway user costs, transport prices and
modal shares of freight shipments described in Appendix C involve the use of eleven
separate data items. Figure D-2 displays a matrix of these elements and up to
seven dimensions required for each. Each marked cell in the matrix represents

the required dimension of the data called for in the methods outlined in Appendix C.

To allow focus of the available project resources on data items which must
be State specifie, such as vehicle eounts per lane mile, commodity tonnage and
vehicle axle configurations, data from the Federal studies may be used. These
State-specifie values may be derived from items such as vehicle volume capacity,

vehicle empty weight and vehicle empty mileage ratios.
All data items should be defined by at least two dimensions. Where three

or more dimensions are indicated on Figure D-2, the State analyst must judge
the value to the project of gathering the additional data.
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FIGURE D-2

DATA REQUIRED FOR TS&W LIMIT IMPACTS

Intra
Dimension Vs High-

Inter High- way Com-
Data Vehicle Body State way User modity
Element Class Type Traffic Class Group Group
Vehicles per mile X X X X X X
Vehicle Axle
Configuration X X X
Vehicle Empty
Weight X X
Vehicle Empty
Mileage Ratio X X X X
Vehicle Volume
Capacity X X
P.M.G.V.W. * X X
Commodity Tonnage X X X X
Axle Share of
O.G.V.W ** X X
Loaded Payload
Density X X X
Transportation
Cost/Veh. Mile X X X X
Price Elasticity X X

*  Vehicle Practical Maximum Gross Vehicle Weight

** QOperating Gross Vehicle Weight
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FORECASTING VEHICLE GROSS WEIGHT AND AXLE LOAD DISTRIBUTION
FOR TRUCK SIZE AND WEIGHT LIMIT CHANGES

The following section discusses several options for developing the detail
of data used in the Federal study on changes in truck size and weight limits and
suggests ways to apply these procedures at the State level.

Vehicle gross weight and axle load distributions may vary over time even
if truck size and weight limits are not changed. The growth rates in particular
markets which tend to use various classes of trucks may be quite different, tending
to change the mix of vehicles over time. The volume of activity in given markets
may increase sufficiently to warrant larger lot shipments in larger trucks than
previously used. Product lines and materials used in manufacturing may significantly
change the payload density of shipments causing significantly different loads on
axles. Market forces such as these may affect only the intrastate traffic. On
the other hand, such forces may affect the interstate traffic as well.

Different types of truck size and weight limit changes affect gross weight
and axle load distributions for various traffic streams. It is thus necessary to
disaggregate traffic streams into those sensitive to size limit changes which affect
the volume capacity of trucks, and those sensitive to weight limit changes which
affect the weight capacity. Traffie must also be divided into intrastate and interstate.
Partitioning the State truck traffic into intrastate and interstate and segregating
volume-limited and weight-limited traffic is therefore desirable before developing
base year operating gross weight and axle load distributions.



The Federal forecast involves a base case and one or more alternative cases;
the difference between the alternatives and the base case are taken to represent
the potential effects of alternative policies or scenarios. In this approach, a decision
must be made about what is to be held constant and what is to vary in each alternative.
The base year truck size and weight limits may be held constant and alternative
futures in market growth and/or fleet mix and equipment utilization may be treated
as scenarios. Conversely, a constant market environment and fleet assignment
may be projected while truck size and weight limits are changed to isolate the

effects of alternative limits, as was done in the Federal studies.

In the Federal study, the base case forecast was established by holding
constant the TS&W limits as well as the market assignments of the vehicle types
and their capacity utilization rates. The base year operating gross vehicle weight
(OGVW) distribution, the distribution of axle types and the distribution of operating
gross weight among the axles may be developed by vehicle class and body type
from the latest FHWA Truck Weight Study (TWS) data. Association of vehicle
classes and body types with commodity/industry groups may be based on data from
the TWS and the Bureau of Census' Truck Inventory and Use Survey. A given year's
forecast, therefore, is the product of a projection of commodity groups shipped
(tons or ton-miles) or truck trips (or truck miles) generated to transport the shipment

and the distributions of the commodities among vehicle classes and body types.

When the base year distributions of commodities among vehicle classes
and body types are held constant, the implied assumption is that the fleet mix
servicing each commodity market will be relatively stable and the changes in the
aggregate fleet mix will result only from the changes in the relative growth of
the commodity markets. This was the approach taken in The Investigation of Truck
Size and Weight Limit Changes and The Final Report on the Federal Highway Cost
Allocation Study submitted to Congress in 1981 and 1982 respectively.
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Gross vehicle weight distributions and axle load distributions may be obtained
from the TWS data disaggregated by vehicle class and by body type. If no size
and weight limit changes are projected, they may remain constant, allowing any
projected changes in the number of trucks of each vehicle class and body type
to translate into changes in the aggregate gross weight and axle load distributions.
Procedures for forecasting changes in fleet size and mix of vehicle classes and

body types were discussed above.

However, if size and weight limits are projected to change for either intrastate
or the interstate traffic, a more complex procedure is required. In order to shift
the truck payload among OGVW intervals and to maintain internal consistency
between gross weight and axle loads, it is suggested that the axle load distributions
be derived from the gross weight distributions for each vehicle class and body
type, both before and after the payload shift. It is preferable to develop these
distributions by functional highway class, but TWS data in most States is highly
concentrated on two or three of the twelve highway classes, making its use impractical.
The following procedure used for the Federal studies may be appropriate for a
State study.

1)  Divide the State total truck trips for each vehicle class and body
type by the appropriate highway lane miles.

2)  Distribute the average trucks per lane mile by vehicle class and body
type among the OGVW intervals using the distributions derived from
the latest TWS data.

3) For each vehicle class, body type and OGVW interval, calculate the
average load on each of the axle types by applying the distribution
of OGVW among the axle types derived from the TWS data.



4) Calculate the aggregate axle load applications per lane-mile for each
axle type and weight interval, multiplying the number of trucks per

lane mile for each truck class and OGVW cell by the number of axles

of each type.

5)  Combine the average axle loads of 3) with the axle load applications
of 4) to produce a distribution of lane-mile axle loadings for each
type of axle. This is an aggregate distribution of all truck traffic

on the highway lane.

Truck activity is not uniform among funetional highway classes. Data suitable
to accurately quantify the distribution of the various vehicles among the functional
highway classes for individual States is very sparse. However, some general observations
may be made from the data that is available. Medium and heavy duty single unit
trucks represent a small and fairly uniform percent of the total traffic stream
in all highway classes (slightly less in urban than in rural). Combination trucks
are about evenly distributed between rural and urban highways, while light single
units tend to follow the non-truck vehicle pattern where two thirds to three quarters

of their respective activity is on urban roads.

Figure D-3 shows the percent of the total traffic stream represented by
combination trucks, single unit trucks and non-truck vehicles for each of eight
functional highway class groupings. Activity on local roads and streets has been
excluded. Figure D-4 shows the percent distribution of each vehicle class among
the highway classes. Each exhibit also shows the percent distribution by highway
design type. Multilane highways are obviously the most attractive routes for all
trucks, but 20% of the single unit truck and 10% of the combination activity are

on two lane roads which, in certain cases, must be more than just collectors and
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FIGURE D-3
PERCENT OF TOTAL TRAFFIC STREAM

NON- S.U. COMBINA-

TRUCKS* TRUCKS TIONS
% % %
By Functional Highway Class
RURAL
% %
01 Interstate 79.0 3.1 17.9
02 Other Principal Arterial 87.4 3.6 9.0
06 Minor Arterial 91.2 3.8 5.0
07 + 08 Collectors 88.4 5.1 6.5
URBAN
11 + 12 Interstate + Freeway 89.1 2.7 8.2
14 Other Principal Arterial 94.2 2.6 3.1
16 Minor Arterial 96.3 2.1 1.6
17 Collectors 95.4 2.8 1.9
By Highway Design Type
RURAL
Freeway + Expressway 79.3 3.1 17.6
Other Multilane 84.5 6.8 8.8
Two Lane 88.7 3.9 7.4
URBAN
Freeway + Expressway 90.3 2.6 7.1
Other Multilane 94.5 2.8 2.8
Two Lane 95.0 2.6 2.4

Source: HPMS Vehicle Classification Case Study, August 1982.

%*
Includes cars, motoreyeles, buses and other two-axle, four-tired vehicles.

% %k
Highway Performance Monitoring System codes.
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FIGURE D-4

VEHICLE DISTRIBUTION BY FUNCTIONAL HIGHWAY CLASS

NON- S.U. COMBINA-
TRUCKS* TRUCKS  TIONS
% % %
By Functional Highway Class
RURAL
* %
01 Interstate 16.6 20.9 40.2
02 Other Principal Arterial 5.0 6.5 5.3
06 Minor Arterial 3.5 4.4 2.0
07 + 08 Collectors 0.8 1.5 0.6
URBAN
11 + 12 Interstate + Freeway 44.3 42.8 43.7
14 Other Principal Arterial 16.4 14.1 5.8
16 Minor Arterial 9.3 6.2 1.6
17 Collectors 4.1 3.6 0.8
100.0 100.0 100.0
By Highway Design Type
RURAL + URBAN
Freeway + Expressway 72.1 71.2 86.9
Other Multilane 9.2 8.5 2.9
Two Lane 18.7 20.3 10.2
100.0 100.0 100.0
Total Vehicles Counted 10,566,794 287,430 854,932

Source: HPMS Vehicle Classification Case Study, August, 1982.

e —
Includes cars, motoreyeles, buses and other 2 axle, four-tired vehicles.

* %
Highway Performance Monitoring System codes.
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minor arterials. The data used for these exhibits represent the aggregate of nearly
12 million vehicles counted at 139 sites in five geographically dispersed States.

" The sites were distributed among functional highway classes roughly in proportion
to the total vehicle VMT with a minimum of two sites for each class, one for less
than 10% trucks and one for more than 10% trucks (15% on rural Interstates).

That data, although limited geographically, provides a more representative sample
of traffic across highway classes than the TWS data submitted to FHWA by each
of the individual States.

A detailed review of the 1980-1981 data files indicates the inadequacy
of functional highway class coverage in the States that have collected vehicle
counts and/or weights. Truck traffie counts and truck weighings are heavily concentrated
on two classes of roads - the Rural Principal Arterials (HPMS Codes 01 & 02).
Of the 50 thousand hourly vehiele count records obtained in 1980 and 1981;/ 69%
were taken from stations on these two functional classes. Of the 146 thousand
trucks weighed in 1980 and 1981, 75% were weighed at stations on these two functional

classes.

These sample distributions seem to be out of balance by at least a factor
of two relative to the truck traffic distribution, if the case study data is anywhere
close to representative. Data collected on urban roads, minor arterials and collectors

have provided some records but not in proportion to their apparent traffic volume.

If it is not possible for a State to obtain representative sample counts and
weightings across functional highway classes in sufficient number to permit differentiation
of gross weight and axle load distributions, then surrogate distributions must be
generated.

*
- None were collected on either rural local roads or urban streets.
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The State analysts may differentiate among the few classes available in
their State in developing gross weight and axle load distributions and speculate
on how representative these few are of the other classes. Alternatively, the data

from neighboring States may be aggregated with data from the home State.

If there is no need to project a future shift in gross weight distribution
and/or load distribution, then 30 to 40 truck weight records may be adequate to
obtain average operating gross weight and average axle loads by axle type for
a few major vehicle elasses. However, if shift estimates are required, then several
hundred observations will be required to develop the distribution curves required

as a basis for load shifting procedures outlined in Appendix C.

Records may be selected from two or more recent years and several neighboring
States or States having similar vehicle types and commodities transported. It
is suggested that aggregations for weight distributions may be developed without
consideration for highway functional class if the distributions are by vehicle class,
body type and/or commodity carried. Traffic volume by highway class may be
developed by random selection of equal numbers of records for each class of highway.
The sample size will be dictated by the smallest number available for any one
class after the appropriate States and years have been aggregated. The hourly
count of trucks by vehicle class and body type by highway class will be about as
representative as existing data permits. Application of the gross weight and axle
load distributions by vehicle elass and body type to the traffic volume estimates
of these same vehicle catagories will generate the appropriate aggregate gross
weight and axle load distribution, before and after the load shift, as outlined in

Appendix C.
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REGIONAL DATA SOURCES

This part of Appendix D lists some sources for region- or State-specific data.
The entries list the government or other agency that publishes the data, the title
of the series, the frequency of the data—annual, quarterly or monthly—the coverage
of the series (fifty States, census regions, ete.), the starting date of series availability
and some sample variables.

U.S. DEPARTMENT OF AGRICULTURE

Economic and Statisties Service

Cash Receipts from Farm Marketings—Annual—from "Economic Indicators
of the Farm Sector" and advance tables—Fifty States beginning in

1947--Cash receipts from farm marketings, including CCC loans
U.S. DEPARTMENT OF COMMERCE
Bureau of Economic Analysis

Personal Income—Annual—from "Survey of Current Business," advance
tables, tapes—U.S. total, the fifty States, generally beginning in 1958;
total personal income is available for all MSA's beginning in 1965--Wages
and salaries available by major sectors of the economy, transfer payments,
earnings by place of work and by place of residence

Personal Income—Quarterly—from "Survey of Current Business," and

advance tables—U.S. total, the fifty States, generally beginning in
1958--total labor and proprietors' income, wage and salary disbursements
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Disposable Personal Income—Annual—from "Survey of Current Business"
and unpublished tables—U.S. total, the fifty States, and the District
of Columbia, generally from 1958—Disposable personal income

Bureau of Industrial Economics

Nonresidential Construction Authorized—Monthly—from "Construction
Review"—U.S. total, fifty States, and the District of Columbia, generally
beginning in 1968—total value of private nonresidential construction

authorized
Bureau of the Census

Current Business Reports Retail Sales—Monthly—from "Monthly Retail
Trade, Sales and Inventories," Tables 4, 5, 6, 7, 8—Selected regions,
States, and MSA's, generally starting in 1976—Estimated Monthly Retail
Sales by Kind of Business for Regions (for the four Census regions);
Estimated Monthly Retail Sales by Kind of Business for Geographic
Divisions (for the nine Census regions); Estimated Monthly Retail Sales
by Selected Kinds of Business for Specified Large States; Estimated
Monthly Retail Sales by Selected Kinds of Business for Specified Areas

and Cities

Current Population Reports—Population and Households—Annual—from
"P25: Population- Estimates and Projections"—U.S. total, Census regions,
fifty States, and the District of Columbia; resident population also

available for all MSA's—total resident pouplation by State by MSA
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Family Money Income—Annual—from "P60: Consumer Income"--Four

Census regions, from 1953

State Government Finances—Annual fiscal year—"State Government
Finances" and "State Government Tax Collections" released in advance--U.S.
total and fifty States, generally from 1951—Taxes, Intergovernmental
revenue, Total Expenditure by Type and Function

Local Government Finances—Annual fiscal year—from "Governmental
Finances"—U.S. total, the fifty States, and the District of Columbia,
generally from 1961 forward—Total general revenue, Direct General

Expenditure by Function

Quarterly Tax Revenue—from "Quarterly Summary of State and Local
Tax Revenue"—For the U.S. total, the fifty States, and the District
of Columbia, generally starting in 1961—Tax Collections

U.S. DEPARTMENT OF LABOR
Bureau of Labor Statisties

Consumer Price Indices—Monthly and bimonthly—from "The Consumer
Price Index" and news release—Consumer price index, all items, all

urban eonsumers

Hours and Earnings—Annual hours and earnings data are available for
all fifty States and the Washington, DC MSA. Series are from the
annual "Employment and Earnings, States and Areas," with preliminary
updates released in the May issue of "Employment and Earnings."—
Average hourly earnings of production workers in >manufacturing

D-15



Civilian Labor Force and Unemployment--Monthly labor force data

are available for all fifty States, the District of Columbia, and selected
metropolitan statistical areas--Data supplied by State employment
security agencies and the U.S. Bureau of Labor Statistics (BLS)--Civilian
labor force, Number employed, Number unemployed, Unemployment

Rate

Employment--Annual employment series by major standard industrial
classification (SIC) are available for the fifty States, and the District
of Columbia--from "Employment and Earnings, States and Areas,"
published annually by the Bureau of Labor Statistics and from the May

issue of "Employment and Earnings"--Nonagricultural wage and salary
U.S. DEPARTMENT OF TRANSPORTATION
Federal Highway Administration
Motor Vehicle Registrations and Licenses--Annual--from "Highway
Statistics" and advance releases--U.S. total, the fifty States, and the

District of Columbia, generally starting in 1945--Registrations (buses,

automobiles, trucks), Drivers' Licenses in Force
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HEAVY TRUCK AXLE WEIGHTS

Average truck axle weights, for all but light trucks, from the 1979 through
1982 FHWA Truck Weight Study files are shown in the following tables. These data
include the first five axles per vehicle, with standard deviation for corresponding
axles shown to the right of the tables. The first axle is the steering axle. The remaining
four axles may be a single, part of a tandem set or some other axle group, depending
on the rig's configuration. These data are from selected records in the sample;

where data appeared erroneous or nonsensical they were deleted.

As can be inferred from the standard deviations to the right of the table,
axle-weights cluster fairly closely about the mean values. Very little variance
from these values was detected when the data were grouped by gross registered
weight categories, therefore for a compact presentation all registered weight groups
were combined. The more interesting classifying variables were included: body
type and the for-hire/private split.

The sample provided by States to FHWA does not allow sufficient detail
for complete State or regional detail. Furthermore, the Truck Weight Study does
not provide a reliable statistical basis for judging these values by all road systems,
locations, or other categories. It has not been designed as a representative sample,
rather as selected observations. It is nevertheless, the best estimate of axle weights
available. If there is a consistent bias, it appears to be that the axle weights shown
are low, possibly due to heavy vehicles bypassing scales.

These data should be used with care and replaced by State-gathered data
wherever possible. In selecting sample sites for gathering State data it is important
to get representative coverage of road systems, locations throughout the State,
time of day, day of week, and season, since these and other variables affect traffic

observations, highway costs and other things of importance to State analysts.
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VEHICLE FLEET, CHARACTERISTICS AND OWNERSHIP

The data in the following tables were compiled from FHWA's, Highway Statistics,

1982, the 1977 Census of Transportation Nationwide Personal Transportation Survey
and Truck Inventory and User Survey, Truck Weight Studies for 1979 through 1982,
and the 1977 ICC study, Empty/lL oaded Truck Miles on Interstate Highways During

1976. These various sources were used to compile statistics felt to be reasonably

representative for 1982. The data should be used only for comparative purposes and
to provide rough estimates with which to gauge other data sources. The analyst
should not be surprised to find values from any number of sources diverging from

those shown in the tables.

There are twelve sets of tables; the first is national level, which includes all
trucks used in interstate freight hauling; these are not included in the other regions
because there is no good way of assigning them particular travel locations. The
remaining eleven tables are for the various regions specified in the sixth column of
the tables.

For each table, the first column discribes the vehicle type, the second column
indicates the gross registered weight interval, the third shows fuel type, the fourth
identifies the user groups, the fifth provides the principal commodity carried, the
seventh through tenth show the fleet size, average miles per gallon, annual average
miles per vehicle, and average tons carried per vehicle - adjusted for empty miles.

The definitions of the table mnemonics are provided below.
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VEHICLE FLEET, CHARACTERISTICS AND OWNERSHIP

Key for Figure D-6

Vehicle

Smell car
Big car
Cycle
IC-Bus
Trans-Bus
Other Bus
SU 2A 4T
SU 2A 6T
SU 3A
Comb 34A
Comb 56A
Doubles

Capacity

All

00-10
LT 26
GT 26
26-33
33-55
GT 55

Description

Automobiles with gross vehicle weight under 3000 pounds
All other automobiles

Motorcyeles and motorbikes

Intercity bus

Transit bus

School buses and other buses
Single-unit, two-axle, four-tire truck
Single-unit, two-axle, six-tire truck
Single-unit, three-axle or more, truck
Combination vehicle, three or four axle
Combination, five or more axles

Combination with two or more trailers or semi-trailers

Definition

All weights of vehicle

Less than 10000 pounds gross vehicle weight (GVW)
Less than 26000 pounds GVW

Greater than 26000 pounds GVW

Between 26001 and 33000 pounds GVW

Between 33001 and 55000 pounds GVW

Greater than 55000 pounds GVW

(Other weight groups are similarly defined)
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VEHICLE FLEET, CHARACTERISTICS AND OWNERSHIP (cont.)

Key for Figure D-6 (cont.)

User Group Definition

HIGHINC Households with annual incomes greater that $20000 (1977 $)
MIDINC Households with income between $10001 and $20000 (1977 $)
LOWINC Households with incomes of $10000 or less (1977 $)

TAXI Taxi operators

PRIVATE Private businesses or institutions

FED-GOV Federal Government

S&L-GOV State and Local Government

FHBUS For-hire bus company

FARM Farm or ranch

U,S&C Utilities, Services, and Construction

LOCAL-FH Local for-hire firms

IC-GEN Intercity freight hauler, general freight

IC-SPEC Intercity freight hauler, special commodities

IC-PRIV Intercity freight hauler, private

OWNER-OP Owner Operator

Commodity descriptions are taken from the Truck Inventory and Use Survey

categories. These tables are assembled from data intended to represent the national

fleet profile. It may be necessary to gather data for State studies. The broad classifications
used to describe these data lead to a large degree of ambiguity, therefore, they

should be interpreted with care.

D-23



FIGURE D-6

W DWW
.
oD Tt

.
>

O O Do
.
L=

.
L)

(S i
.
[}

LR

.
LS .-

" s
RIS

[ BN I & - |
L]

=
.

.
€y v a7

O D C
.

S0 e
. .
RS

[T S B I ¢
.
(P B I

©

[ S AN NS
.
e

«

gL
Ser*l
964 L
Yor s
Ciy ey

s1o*GE
JlosGge

chis1g
cHhI*T19

YRR
sd6*
EYNA
eICe
oll®

[SUNQUR VN QU ¢

A T ARG
cHcell
gagert
EXA R
€994 31
£994.1
Lyest
229%0 ¢
I XALNE

S8l se

L9281
£€9¢%s

TN
BESTUCINA §
XA REA
£99¢(1
£99¢01
Z§8G%s
22945
66T L
hlles
2¢G%5
89y sy

© OO DO
.
P

g*he
g*he
84
B*w<e
v*s1
LAY
9°G1
LASRY
€°s1
®*G1
LASRS
S°*G1

ce
ce
3
g
ge
g
ve

ne
Y

He
g
L*

BNTo N SN RN X 2 3a2]
O IOy e YN )M

[ >IN

126¢99¢
2L242
H2Lb6E1
LETLER
LLT8 28

IGEe LY
S0¢eLe

(4 T4 Bt
[ATARD!

XA A

ToheGh1 s
ggLdreLte
19G4 1L
660452549

©938¢1G
LIgsG
bLO%0G*T
GZo*H1
LIA AR YA
BGhenL
881¢90u*%1
vlf*602
neLdulvdoe
gETeGBES N E
T0véL00%92
L09%T6b%56

[AXAR]

28 I8L

[ AL
1624 ¢
ToTs¢
0S0*g6bsy
b0L%u

SOTe LTI,
B0seLTI04NY
B0Ge.L¢8%L
FHEAR NI FAREY

dIHSd3INAO ANV

NOLI93Y

Zybl
SOTLSTHU3LIvHEVYHD

1v
a1y
v
v
17v

v
v

q17v
17y

My
v
1y
v
v

v
1y
v
v
v
v
v
vy
17v
v
v
1y

v
1y
v
1y
1y
1y
1y
v
1y
Qv
v

ALIGOWWOD

AC9 %S
A097 Q34
JLVAINd

SNAH 3

SNgH 4

SNEH4

A09” I8S
INIMOT
INIQINW

INIH9IH

A097T 135S
A097 Q34
JLIVAING

IXvl
A097T13S
AC9T Q34
JLIVAI N

IXVi
ININOT
INIOIW
INIHIIH

A09718S
JiVAl sa
Ixvi
A09™ %S
A09T Q34
JLVAI Yd
IXV1
INIMOT
INTOIW
INIHIINH

d3sn

$ 13374 3701IH3A

SV9 v
Svo v
Sv9 a1y
SV9 1v
13s31a v
13s31Q a1v
Sv9 v
Sv9 v
Sv9 1y
SV9 a7y
13s31a a1y
13s31a v
q13S31Ia 1y
138314 v
SvV9 T1v
SvY9 1y
Sv9 v
SvV9 I
Sv9 v
SV9 v
SV9 av
13s31Ia v
T3S310 1v
735310 1y
Sv9 v
SV9 1w
SV9 v
SV9 v
Sv9 v
SV9 v
Sv9o 1v
13Ns ALIDVdVD

SNg” ¥3IMLO0
SNg”¥3IHLO0
SNA” Y3HLO
SNE” Y3HLO
SNA” ¥3IH10

m:mnmz<mh
SNg” SNVHL

sng” o1
sna a1l

371340
37340
37040
ERY \o}
37342

4v37 918
dv2 918
¥vI 919
¥vo 918
4vo2 9149
4v3 919
4v2 919
¥v2 918
¥vd 914
4v2 9I8
dv2 918
4vo 918

YYITIIVMS
¥VI 1IVHS
YYD VWS
AR ERRLTTES
YY¥I T IIVWS
¥¥vI 1IVHS
¥VI T 1IVWS
YYD VWS
¥V 1IVWS
4VI VIVNWS
¥VI T 1IYWS

372IH3A

D-24



MO SN DO
.
LR B AV QUAL A VIN o B o VR S VIR B Lo BN VIR oV}

LUV~ OO~ YN
. e ¢ 0 ¢ 9 o ¢ o
B I I I R I Ve R I A IR B oV

[Te - gV 4B
.

I

FIGURE D-6 (cont.)
AR

«©
.
O D

L=
.

<
.
€O L O

GEHOHT
hhhegT
J8L%6

$9L%42

Iniece

[RAR Rt
118411
§98¢¢

gh9scl
G2g*Le
SE9¢T1T
(A ZIAE-Y

SIL*C¢
vg9¢3¢

S2049¢

L8T¢hy
865861
S00¢HT
96.4%9

080421
£€9461
v62%92
4g8Y IS
LOweLT
26S4TT
49545

ZEHeST
128422
z66%02
265452
GEGeTT
929421

Y9112
ETLs1Y
6EG¢HT
159451
1¢0¢ct
LXA A

v2He9

86¢48

G121
191411
£8G%01

8gce8

CVNGONG DA INn T~
® & s °
[To RN/l T NI oI T o N oMo N TN T Mt e}

s e 5 8 8 b s @
OO OVNDLINLVROMON~N OGS
—

Mg TN D DN F DO O M
.

grIes1Y
L0h%n¢g
c01%9
2 NAEN
SOoHse
cehde
10¢%g
6904G1
hh6t9
[4-3tA8Y
1984181
9¢9¢196

£¢C0¢8
%92489
825411
1984¢
C8LeBY
066459
cgetll
L9642¢1
LT A"
LAYARE
8G60¢S
Ie14s2
693¢ 49
1604921
9¢TeLeT
c8L48Y
98L419

EL 2
Sv86sCTsY
58045¢04S

0g6* 942
£66%09
SlI%ss
606%89
Toatlegsl
0l6%GE8
$68%612
£16%860%S
022458248
9Gg492L*g
HG98ec(tge

L9548

v
1y
v
v
v
v
v
v
v
1y
v
v

a1y
v
v
v
11y
TV
1v
v
q17v
11y
1y
11v
1y
a17v
1y
v
17y
Iy
a1y
11y

1y
1y
1av
v
1
1y
Y
v
1y
1y
v

1y

H4 1vaon
2 3 sn
WHV 4
JLVAINd
Al¥d 01
H4 1v201
J % sen
Wdv4
JLVAINd
¥3IHLO
¥3HLO

d0Td3INMO
AIN¥dTII
334831
N397 31
H4 1v20
38 S¢n
WaY 4
31VAIYd
40T H3INMO
ATdd J1
2348701
H4~ 1v201
23 S*n
PELE!
JLVAIYd
¥3HLO
A09713S
A09T 034
3IHLO

¥3IHLO
INIMON
INIGQIW
INIHOIH
¥3HL0
A09713S
A097 034
INIMOT
INIQIW
INIHOIH

SN8H4

13S31a
138310
13s31a
138314
Sv9
Sv9
Sv9
SV9
SvY9
138314
SV9

q3s31Ia
13S31IA
138314
138314
138310
138314
138310
13s3Ia
SV9
Sv9
Sv9
Sv9
SvY9
SvV9
SvV9
13s31Q
13s31Ia
13s31a
Sv9

138310
738310
138310
q3s31a
B )
SV9
SVY9
SV9
SvY9
Sv9

138314

£¢€-92
£¢-92
£¢-92
£g-9¢
£€-92¢
£€=-92
£¢-92
£€-9¢
£€€~-92
g2 11
ge 11

01-00
01-00
01-00
gr-00
0T-00
0T-00
01-00
01-00
01-00
g1-040

1V

veTns
veTns
Ye NS
veTns
ve ns
ve ns
YeTns
veTNns
vens
vens
ve ns
ve ns

197 vz Nns
197ve™ns
197v27ns
197vz™ns
197vz™ns
197y2 ns
197vez™ns
197vz™'ns
197ve ns
197v2"ns
19" ve"ns
197v2™ns
197ve ns
197ve ns
197v2 " ns
197ve2™ns
197ve ™ ns
197 vz™ns
19”vz"ns
197 vz ns

1y vz™ns
1v-vz™ns
1v"ve™ns
Ly ve ns
Ly vz ns
19" v2 ™ ns
19" vz™ns
1y ve™ns
1y"vz"ns
w7 ve ns
1v"ve™ns

SNg"YIHLO

D-25

- . = 2 o = b = - = e T Y AN e e e e e e e e e e E 4 G b e R N R M A e = W S L e P = e e A YR T P e 8 e o e e AP TP R e S R R R R A WD e W AD wm  E

Adl

AdW

OdW

13374

NOIS3Y

2861

ALIQOWWOD

43sn

dIHSYINMO ONV SIOILSTIHILIVEVHDI 413374 3INJLH3A

13n4d

ALIOVdYD

37J3IH3A



1
Qe
ge
ve
¥
L*
6°*
6*
6*
ge
ce
Ge
e

1

e S A I A I B B e e ARV AR e B o B O VAR B o)

T T oM
o & o o 0

o
.

DO N DU T
s 2 o 0 s s 0 s o

o
.

FIGURE D-6 (cont.)

e
e o o »

)
.

NeEHWANFMEAUNMDMNNNMMNUMDE OXE L0 SO~ S oM~

W)
[}

qe

VoM
o o s o

Aal

G988CY
%92*GS
clgsch
1664 vL
c06¢31
LecrL

1684y

2896L1
ggGeee
88491
60848

66ty

19q¢41
300¢41¢

GI0%¢e
Loty
565499
664H¢G6S
GGI*8L
588492
7948571
ST84LT
926461
8¢¢%l
2oL T
22gsae
gvG432
181401
glgee

gygese
62v%3¢
Blge8¢
9918 6¢
6l0%s
ToLeL1
509401
aN9ey I
ceTect
142431
vhhove
ol¥®%8c
#GGe1c
£e0*ql
201¢g

GGTeST
L2 18 ¥4
6bv2%6¢
£G8eGe

AdwW

MM d O N ®et ) et M D
e o ¢ 0 5 8 & 5 & b & s @
DN~ DTN O~~~ O~M

QW mo N~
e o
[TalE g - g 'R I o

N &

L2}

g oM~
e @ & & ¢ o
n <

3

04
[}
0°s
9°¢

MmO VO MmO
. ¢ o
[T IRV IE - - - A A '

BEL

£834¢
TeL42t
0Ghe1
66941
[ R e
YRR
LIvey
FLES Y
L5941
g00¢¢
9THe T
GHgel
91142
Lyas2lh

L6LS TS
glLhege
PR A

$004GT
CHSey

gclése
LILSHL
8heeS

12G6%b¢
£6E%L

9LL*S

26341

G2geS

8GG461
CLBeLY
5oceCT
1Gee 1T
S0g¢i¢e
3LE*Y

TeheGe
A3 EYA
898¢G01
080421

Le3%"T
TL943¢
Lle®
129¢
800G
609°*
313¢
GIse
Tt
gCue 11
12G4¢

O DN

-

[aV)

13374

1y
1y
v
1y
v
v
v
1y
17y
17V
v
q17v
1Y
17V

1y
v
17y
1y
v
v
v
v
v
1y
1y
17y
a7y
v
v
IV
v
a7y
1v
1y
v
1y
17y
1y
v
1Y
v
v
1V
ARA
v
1y
v
v

NOI93¥ ALIGOWWO)D

26l
dIHSH3INMO ONV SJIILSIH3LIVYVHI

d0 T Y3NMO
Aldd Jl
2345701
N39 21
H4~ V201
2% s¢n
WYV 4
JLVALYY
Aldd D1
H4-1v201
2 3 s*n
Kyv4d
31vAIdd

d0T¥IANAO
Al¥d 31
dhix3" o1
2345721
N39™ 21
H4 1vaen
2 % S*n
WYV 4
3J1VAIYd
40 ¥3INMO
ATH¥d D1
23d4$7 21
H4 vaan
2 % s*n
WYV 4
JLIVAIYd
40T H3INMO
Aldd D1
234§ 01
H4~v2301
3 3 sn
A09T %S
A097 Q34
WYY 4
JLVAIYY
d0T3INMO
Al¥d 01
HATIVI01
2 3 Sen
WYY 3
ILVAL YEd
dOT¥3INAD
Aldd D1
23d4S7 01

q3s3l1a
138310
13S31a
13s31a
138310
13s31a
73s31a
138314
SvV9
SVY9
SvV9
Sv9
SV9

138314
RERERLY
13s310
a3s31a
q3S31Ia
138310
13s31a
138310
13s310
SY9
SV9
SY9
SV9
SV9
SVY9
SV9
13S310
13s31a
138310
13s310
13s310
13s31a
13s31IQ
13s31a
13s31a
SV9
SY9
Sv9
SvY9
SY9
Sv9
13s314
13s31Ia
138310

ves 8MOD
YeS OWOD
YyS GWOD
Y¥S WOD
Vo GHOD
vec GWO0D
ves _9W0d
YeS AW0D
vy 8WOD
Y6$ GNWOD
VoS GNHOD
Vo€ GWO0D
Yes T AHO0D
VHSC 8WOD

veTns
veTns
ve ns
ve ns
ve ns
veTns
ve™ns
¥e ns
ve ns
ve ns
ve NS
veTns
veTNns
ve ns
vens
veTns
ve ns
ve NS
ve NS
vens
ve ns
vens
vens
vens
ve ns
vens
vens
ve ns
¥ens
ve ns
veTns
vE™ NS
vens
vens

D-26

- - - = = - e e M e e

d3isn

$13374 3731H3A

AELE

A1IJVdV)

3T2IH3A




%*9

LA

L*e

=+
.
PR - S S I PINVERE

FIGURE D-6 (cont.)

» o o ® & 9 * ¢ & 2

N TN VO D =MD OWnN
.
AUMANNNNN NN NN

P X X P T Y P R Ll il

Adl

ELTAS RS

uCl*Hh

L81%21
19.429
ZCLSHS
29L%86

888499

S9T4EG
189413
zgBest
26845

z9seze
g99%22
6694¢T
GLE%9

2904971
22643g

S0He0g
626496
¥9L%66
SHISCOY
290459
312452
990461
L6hsCT
Lenssl
996811
11422
$1G462
211
880811
6908

gzLe2T
$2T4HG
G96%¢6
L9061G
GessTh
cz0%0e
gg0en

6IheCT
6G14¢2
9g8¢z2
NL2492
ETALE £
128811
19¢%¢

2oL

981441

MM ANORM e G000 O N D
.
FIrsIrITIrHOITIFTIISISTITS

S 8 5 2 8 5 0 s & P e s 0

WO DAt OV ADOMMSMSTI VTN A AN et O N M @ e
LI )
ST TTITOOOLEOWODOOTINWOMINITODNOOWITOD

96641
SHT¢1
18641
0GG*T1
261431
G91¢4
686¢9
L1142
geneL
66249
Gehe g
€C98 L
EL L AN
CI0eT
69141
68e¢1
I60%36L

918421
108¢8¢
YRARY
6694352
9eisa
869451
LhBeY
al9¢8L
2Ghe e
£G9¢G
G82Z¢¢Y
28L¢2
GOl
80¢¢ T
8935¢¢
0GTe¢e
I¢l%s
cgedie
126¢71
ce1eg
2Led1e
8Cid Y
0G9¢42
G2iec
gLat 1t
2101
LEDsS
Thed0 1
128%1
298¢ 1
HeLS Y

v
17y
Iy
1y
v
1y
1y
v
v
a7y
1y
1v
v
1y
v
1y
a7y

v
RRR
v
v
v
1V
a1y
v
17v
v
a1y
v
v
v
1Y
v
v
1y
1y
1y
1y
a1
v
v
1My
v
v
vy
v
1y
v

28 sen
WYY 4
JIVAIYd
40 ¥3INMO
Al¥d DI
dW3Ix3 a1
3348731
N29721
H4~1v201
3 % sen
Wyv 4
ILVAIYd
AI¥d 21
H47 V201
WYV 3
JLVALIYd

d0THIANMO
Aldd DI
dW3IX3T 01
23d$7 01
N397 D1
H4 1v207
23 SN
A09713S
A09 Q34
WHY 4
JLVAINd
ATHd™ DI
H4 Y201
2% s¢n
WYY 3
ILVAIYNd
d0T¥3INMO
AT¥d™ 21
33ds7 21
N397 D1
H4 V201
J % sen
AD9T 2SS
WiV
JLvA T Ydd
40 ¥INRO
AL¥d DI
H4TIv201
3% s¢n
WYY 4
JLVALYd

SVY9
SvY9
SV9
13s31Ia
13s3Ia
1383140
13s31d
13s31a
13S31I4
138310
138314
RENEI
Sv9
SvY9
SVY9
SV9

138314
13s314
13s31a
13s31a
13s3Ia
RERERSY
13s31a
13s31d
138310
13s31a
13s31d
Sv9
Sv9
SvV9
SV9
Sv9
q3s31a
13s31Ia
RERERYY
138314
q3s31a
735310
138314
738314
138314
Sv9
Sv9
Sv9
Sv9
SvV9
Sv9

¥95 9W03
v¥969W09
v95 aH0d
v9S AW0D
v95_8W0D
v95 9W0D
¥9G6 aH0d
¥9G ANW0D
v95 T AN0D
¥9S 8W09
VY95 GWO0D
v95_8W0D
¥95 9W02
¥9S gW09
v¥9S5 GNW0D
¥95 gH02D
¥95 8W0D

Vog 8WOD
VoS gW02D
YoC GW0D
VoS 8WOD
¥Y5S_8WO0D
VoS GHOD
VoS¢ 9WOD
vVog GHOD
Ve aN0D
vHS W09
V&C 8WOD
LR LT
(TR 1))
ITTR: T k!
Vbe BWOD
Vo< 8W0D
VoS SHOD
Y5CT W0
Voe 8W0ID
vog GHOD
VHe AWHOD
VHe 9HOD
YoS GWO02
VS GW0D
YHS GN0D
VoS _9H0D
VhE 9WO02
v&S BWO0D
Y4 8W0D
Vs awod
ves 49W0D

D-27

PRSPPI SRR PRI SR S bt L L T L L L L bl el b et ok ikl ok ok St b ode st ettt shh bt o b alind shebalasbagh st

AdH

9dW

13374

NOIO93Y¥ ALIGOWWOD

c861

¥3sn

dIHSYINMO ONV SJIILSI¥ILIVHVHO 13374 3T0IH3A

1304

AlIJdvVdYd

31JIH3A



FIGURE D-6 (cont.)
CJCHN"\DP‘G‘U‘I\\O#
d'&}h@ﬂ'(;cﬁwdo’mq\

NI C MmN~ NMIND SO
o
I~~~ O

CLLGS
8426439
L1g418
66L%99
£89461
h96%ct
9hLLY
90veLT
C%¥949¢%
200%¢ey
LbvE*8C
AL ARA

L28%GL
561499
co9eng
ELAR A
w1L%20
a2L%¢¢
[onse
Luh*¢l
hGe* 2
vol4SE
9L9%¢¢
B69%ul

AdlL

AdHW

. s s o ®
FrIONTTIT T T

1

O I = ON~OOW
e o o @ ® & 8 o & [ ]

1

MO~~~
LI ]
MO ITITITITITTTITT

OdW

otlgel
LE6*9
Ge1¢s
2Gl%e
[AL AR
cHHss
0¢¢T
Lyvt 1
(X2 L
CRASA
166¢1T
2ges Ly

6cléLle
PN ANE A
1h98%c¢
300¢e6ll
GLO*:S
vbebet
[ RN R
0 T¢ ho
6v8%0

9Ly ¢
9814y

Gy0e¢

133714

JIHSY3NARQ ONV

v
a7y
v
v
v
v
v
1Y
v
v
v
a7v

v
1V
v
1Y
v
v
Iy
v
v
v
1y
17V

NOI934 ALIQOWWOD

¢ge6l
SOILSI¥ILIVYEVHD

40~ ¥3INAO
Al¥d 21
dW3X3 01
23d4S 01
N39OI
H4" V201
2% SN
WYY 4
JLVAIYa
Aldd 21
Hi~ V201

40 HINRO
AINd 21
dW3IX3 01
234S 21
N39 01
H4~ V201
23 SN
A09T %S
WYV 4
31YALYd
Aldd 21
H4~ V201

Q3s310
13s31Ia
13s31Ia
13s310
13s314
73s310
138314
13s31Id
13S314
13s310
13s31a

135314
138314
1353140
13s31IQ
13s310
13s31a
13S31a
13s31a
13s310
138310

Sv9

SV9

sg 19
66 19
S6 L9
SS 19
SS 19
6g 19
GG 19
6S 19
S6 19
GG 19
56 19
66 19

$3748Nn04
$318n04Q
$3718n00
s378n0q
$378Nn040
$378n040
s3lanod
s$378n04
$3178n00
s31anog
$378n00
s3nanoa

¥95 8W0D
v95 8402
Y95 8H0D
¥9S gW02
v95 9W0D
¥v9G gwW02
v95 QW02
v95 8W03D
V95 aWod
Y95 BHO0D
v95 8NH0D
V95 a0

D-28

e - = = i - - - W S em

43sn

13374 3701H3A

1304

ALIDVdYD

ITIIH3A



I°¢

oo
LY
[T

ne
[
[

[a i)

<

i
[

Do

ger
0es
ce

>

[~

9.
L
e
ne

.
g°
0°
o°
ge
1

FIGURE D-6 (cont.)

€3 D L DM Oy

il

8204
wZhe9
LA AR
099¢g
0GL*GT
$9G4 1Y
688401

96541
96542
veusL

216¢G¢
TRE-LEY

chie19
chle19

60642
6L2%¢
¢i0¢¢e
Y RANA

A TAR N
£08¢0TY
£€99¢01
£99¢n1
Lh2e01
229434
[XASIN

980 %6

IR FARIRS
CETANN

0G0e2T
£99401
2gGte
6GT 4L
#1146
2gG%e6
L9848

M &
a
~~ o~

- o]
.
N

g*0s
208
0*es
g*0s

8*ve
8*H2
LARSR)
#°GS1
AR

*ST
£°st
2°G1
b°ST
G*Gl

0rgéace
2eb4h
162401
68L8HGT
HeGoIGe
2984 ¢LT
SSEeHL8

11142
689¢41
8hide6l

2gaoeg
csnee

LLTST
LLTST

$99%59

SHL*591
ch64H91
Ng8eacy

IhesT
543488
9Gcsle

L2 AL
692%¢18
LeTs2T
cG1écBI*T
CGl%cnlY
6ETI8TGeT
IEELTTYey

LBIsGY
SeTe T
6814192
CAA LD
©G9¢ 185
G80¢ 56
GEIdEGLeT

TINITMIN
J9NI MIN
TINI M3IN
I19NI MIN
T9NI MIAN
TINI T MIN
TINI MIN

T19NIMIN
Juzunzuz
JINITAIN

J9NI”MIN
T9NITHIN

T9NI”MIN
T9NITAIN

7983 M3N
T9NI M3N
TINITMIN
T9NITMIAN

JONITM3IN
T9NITMIN
Y9N3 M3N
TINITMIN
TONITMIAN
TINITTMIN
TONI MIN
TONIT A3IN
TINI T MIN
T9N3ITA3N

JONITMIN
T9INITMIAN
TONITMIN
RELENEL]
JONI MIAN
T9N3ITA3N
T9NITMIAN

1Y
1934 NON
1994 NON
JYNOSYHId
TYNOSHId
TYNOSY3d

11V

1944 NON
1993 NON
1Y

1944 NON
v

194947 NON
1V

AYNOSYH3d
IYNOSYH3Id
AYNOSH3d

v

L9¥4”NON
19947NON
19¥47NON

1994 NON

19394 NON
1944 NON
IYNOSHId
IYNOSHId
IYNOSY3d

v

1944”NON
19¥4_NON
199 47NON

IVYNQSH3d

TYNOSH3d
TYNOSA¥3d
v

¥3H1O0
A09” %S
A09 Q34
INIMOD
INIQIW
INIH9IH

A09”13S
JLVAIY¥d

SNEBHJ

SNEH 4

INIMOD
ONTQIW
INIHIIH

A09T13S
JIVAIYd
A097I3S
A09T 034
3LVAI YA

IXvL
INIMO
INIGIW
INIHOIH

JLVAINd
A09T18S
31VAIYd
INIMO
INIQIW
INIHOIH

Sv9
Sv9
SV9
Sv9
Sv9
Sv9

SvV9
SvV9

RERNER

73s31Q

Sv9
SV9
Sv9

13s31a
13s3ia
SV9
SvY9
SY9
SV9
SvV9
Sv9
Sv9

13s31a
SV9
SvV9
Sv9
Sv9
SV9

0T1-00
61-00
0T-00
01-00
01-00
0T-00

1Y
v

IV

1y

v

1y

v
1y
v
1YV
1v
v
v
1y
1Y

v
v
My
Y
1y
1y

e vz ns
1y vz ns
1y~vz™ns
1o v2™ns
1y vZ™ns
1"y ns
Ly vz ns

SNE” ¥3IH1O0
SNA™¥IHLO
SN8TY3HLO

SNA_SNv YL
sna”sSNvyL

sna_d1
sna~ a1l

37242
371042
37042
37240

¥vJ_ 918
¥¥2 918
yv2 914
¥vo 918
4vo27 918
¥vI 919
yvY2 918
¥v) 918
¥vo 919
dvI 91Ig

4v9~ 1YWS
4VITNIYNS
¥YI_T1TIVNS
4V 1YNWS
4YITIIVNS
HVIT1IVNS
YYIT1IVHS

D-29

- e = - D T R R = Y e e e e = = e TR T e N 4 = = T = e e R = P T = e S e . . - e - . - = e = -

Adl

AdNW

9dH

13374

NOI93Y

c861

ALIQOWWOD

¥3sn

dIHSH3INAO INV SOILSIY3LIVIVHI ¢13374 3ITIIHIA

13n4d

ALIDdvdVY)

3TIIH3A



D-30

2*11 4906426 Sy uel T9N3TM3N 1y s$318n0Q

13 ZGT*SGT 8% 362e1 T9INI MIN 03X1Iw N397 31 713s31a S 19 V95 9WO0D

95 5.0421 2y YRAY] T9N3 FIN 9NICQIINg 2 % SN 13S310 SS 19 v9S EN0D

heL L6v%ET L*h Linsg T9NI MIN 19494 NON A09 18S 13s3la ga 19 ¥95 GWO0D

9* L 529%6¢ vy NG6%¢2 JONITMIN v v95 aw0d

FARY 9GL8EC weg €622 79N3T 3N Q3IXIwW H4~v201 13s31Ia SG 19 VHE 9W0D

2*c LGheST 1°g SGysz2 T9N3ITMIN 19947NON A0971%S 13s3laq GG 19 Y¢c 8NOD

g°¢ 666462 2°s 6854 LT TINITMIN 1V Vec 8WO0D

g*.1 wgevel 5ot Le1se N9N3ITA3N 9NIQINg 40" ¥3NA0  13S3I0 S5 19 ve ns

RS 6G64¢ET AR T LAt J9NITMIN oN1Q1INng Aldd 21 13s31a SG 19 veTns

6*"1  Ibl1%91 LE] J92%2 JIN3TM3N 9NIQIINg H4~1v201 13s31I0 S5 19 yeTns

6% $£66421 g5 58848 19N3I” 3N 9NIQINg 3 % Sen I3s3lIa gs 19 ve ' ns

= 211 Lhe's Sy 9241 RRLENGEL 9NIQIINng J 8 S¢n S$V9 S5G 19 Ve ns

= 1°9 6E6%GT L*S 2€0%1 J9N3T AN 9NIGIINng 2 3 $¢n 13S31I0 S6-¢¢ ve ns

S 6°%  009%T  S*4% Shyes TONI_M3N 194 JTNON A09713S  13$31G  §6-¢€¢ ve_Nns

~ L*c Ce6di 08 88341 J9N3ITMIN  WA370¥13d 3L¥AI¥d 13S310 €g-92 veTNns

© ge< $LE4 ¢ L1 g2t L T9N3 MIAN 1Y ¥3IHLO svo 9z 11 ve ns

@) AR SLL*3T $°5 L0L%6b TINITMIN 1V veTns
o]
~

) g*1 202%0e 3°6 GG0e 1 TONITAGN 1984 NON H4~v3071 13s3laq 92 19 19" vz ns

o 9°1 9zZ8*se 28 zeLet T9NITAMIN C3xXIw H4~1¥201 13S31a 92 19 197 ve™ns

) 81 GEEe Yl L*S £69%1 T9NITAIN 193937 NON 3 % S¢n 13S3Iq 92 19 197 v2™ns

[ 4 €£22% %°9 TT1¢y J9N3 T M3N 9NIJIINd 2 % s$*n  13s310 92 19 197 vz ns

g°1 L6411 1°1 HoIeT T9NI M3N Wevd Wwdvd 13S310 92 19 197v2™ns

nez Te8%1 6% 16246 J9NZTMIN WN3ITOYHLSd J1VAIN¥4 135310 9z 19 197ve™ns

vl TgGe1e g2 89641 JoN3TmMIN Qo0 4 JivATI¥d 13S31q 92 19 197 ve ns

§*2 $GGeIT v°q L0L%2 JoNITAIN 9NIQIINg 23 sen Sv9 9z 19 197 vz ns

81 Lobsl 1 S*s G604 T TONITASN Wuv 4 WHY 4 SY9 92 19 197vz™ns

g*1 9Tus21 ge¢ hoL2 J9NI MIN  WN30¥L3d 3LVATYd SV9 92 19 197v2™ns

Gel GTee9T g*¢ 8L1%2 T9N3I T AIN Q004 3LVALYd Sv9 92 19 197y2™ns

v 69681 8°*8 L804S T9NITM3EN v ¥3IHLO0 13Ss3Iaq 9z 11 197 vz™ns

Gep Zeuel 2 vy gL1% ¢ JONI AIN 19437 NON A097 %8S 13S31a 92 11 197 vz7ns

e 26181 L*9 STT*EGT I9NITMIAN My Y3HLO SvV9 92 11 197 ve7ns

8% 026411 0°*9 190%4C2 19N3 M3N v 197 ve7ns

1°0 LETS, 291 LO9% b T9N3” MIN v ¥3H10 13s310 0T-0u Ly"vzns

Adl Adw 9dwW 13374 NOI9IY ALIQOWWOD @ 3sn 13n4  ALIDVdVD 3712IH3A

ZBoul

JIHSJINMAO ONV SOTLSTAd3LIVAVHI ¢13374 31JIH3A



(SR

T°

e
g
R
g
[

0o oo

66

=

g

2

0

0
o
5 3¢
L 6o o
P—O 45
A 5

nen
E v o
= aen
] 53
mm %3
= 0% s

g*n

ge0o

5o c

3e0

6o

2

0

2

0

9

686401
LSL%e

ggzeg
964 L
J6€61
9654 L
Thos,

Cle*Ge
0lesGe

CHIs19
2%1419

6lcée
8062
Y RARA
cICe2
[ Y XA R

A TARS |
£08%371
928¢2H
£99¢G 1
£99¢1 1
IR
22983
I XALYA

680686

LbZent
£92%6

(80401
€998 7
AR
c29¢ny
6814,
LA SN
28G%6
398¢3

AdW

t*os
3°3S
6*23s
0°5¢g
0068

g*He
842
8°he
Gl
LAl
LA
®°G1
g°GT
L ARt
LAdR!
S*G1

£°ee
g*0¢
g8*0¢
7°G1
G*ac
v°0¢
g*J¢e
L°g¢

OdW

L9E*S0Y
989%4G0¢42

EL VAR
aLteze
L2362
LG8 T
9¢6*1S

ceger
cegeLl

LLTS Y
LLTéh

9GTI%y

[ YRR EARY
GZg9scHe
BhHhe2H2
h€94 266

EAS AP
ceELeSET
g20¢z
GGHyeZ0oT
S60¢2T
6C6%0064T
89¢ege
08I4CLL42
Sheecneey
19L%6254¢¢
Lga%ze942T

88L¢90T
L92%y
£8H4UT9
I8T¢T
[Le¢2G6
C9GeEGTPe T
LTIL28C95%1
9I8¢ualty

13374

quucHz
LV aIn

LV OINW
LY QTN
LY QLW
1V QINW
LY AW

1LY QIW
v arw

11V 0OINW
LV QIW

JIYTQINW
MLV QIW
1Y QIN
LY AINW
LY AIW

LV OINW
1Y aIN
LY QINW
TV QIN
IV OINW
LV AINW
LY QW
LY QINW
1LY QIW
LY TAIN
11V QIuW

IV OIW
9LV QIW
Tiv QIN
TV AIW
IV QINW
LV Q1K
LY QI
TLV T AIW

NOI93Y

c86l

TYNOSH3d
1y

194947NON
1944 NON
19434 NON
19447 NON

1y

1944 NON
1v

193347 NON
kel

193 47NON
TYNOSHId
TYNOSHId
IYNOSYId

v

19447 NON
1944 NON
L1944 NON
19947 NON
19%47NON
19447 NON
194 3 NON
TYNOSY3Id
IYNOSYHId
TYNOSU3d

1y

L9447 NON
1943 NON
19494 NON
194947 NON
TYNOS¥3d
TYNOSY3d
IYNOSH3d

Ty

ALIQOWWOD

INIHOIH

SNaH4
A097T13S
J1VAING

SNaH4

SNaH4d

SNaH 4

A09713S
INIMGT
INIQINW

INIHYIH

AD9 T 1%S
JLiVAINd

IXV1
A09713S
A09 a34
ILVAT Y

IXvl
INIAGT
INIGIW
INIHOIH

ILVAIYd
A03713S
JLVAI Y¥d

IXvl
ININOT
INIQIW
INIHOIH

43S

dIHSYINMO ONV SOILSIHILOVAUVHI L3373 ITIIHIA

SVY9

13s31a
SY9
SvY9
Sv9

138314

13s31Ia

Sv9
SvY9
SvY9
SvY9

13831Q
138314
138314
SV9
SV9
SV9
SY9
Sv9
Sv9
Sv9

13s31Ia
Sv9
SV9
Sv9
SV9
Svg
SVY9

13ind

01-90

v
v
1Y
1Y

v

1Y

1My
1y
1Y
1Y

1y
1Y
v
Rl
1Y
v
1y
17y
v
v

1Y
1V
1Y
1y
Ty
1v
v

ALIJ¥dVD

1y vy2™ns
1ly~ve™ns

SNg” H3IHLO
SNa”Y3IHI10
sna”¥3Hio
SNg” ¥3IHL0
SNg~¥3IHLO

Sna_sNvyl
SNE” SNV YL

sna”_ oI
sng- o1

ERRY
37040
37340
37242
371042

Y2 9189
¥YJ 918
¥Vl 918
dv3 91g
4¥2791g
4v2791qg
¥¥2 918
dv2 918
4v2 918
¥v2"91g
¥v3 9149

¥Y2 1IVHS
¥V~ 1IVHS
Y2 TIVNS
dYI T 1YNS
4VI T TIVHS
4VIT1IVMHS
4V2T TIVMS
¥VI T VWS

ITJIH3A

D-31



FIGURE D-6 (cont.)

[ = ol o VIR ST o)
« o s 0 o
S IR S I I A e BT o B B

.
PR R I SV B I VAR B B B B SVAE o B B e B R S

L eNTFTINT T WD~ ON O M QT Ay~
. .
=

o N
.

-

O v
.
-

[

FRELIAS
vel411
1094y 1
009841
G6L4LT
I1¢6%ul
s02¢1

19p¢ "1
Ggetol

wBL¢2C
LhEsLY
HGL42h
PREAR 2N
296421
clhésl
1354471
$499¢31
fChe9

cones

Ig1%2

gIGe LT
fLE6E4ST
CRE LA
392%41
pCh®iul
784691
2le%Le
vG6¢5T
ggheCl
2Zhts

28140

¢d6%

wGLeet
$39¢ 41
2h9451
[ASALN!
z260%.2
SLGeTI
CYNRARAS

GEuegl
et T
H2Hes
vh9
$30%y
9¢6t6

AdW

o s o v & o » o
C N - SRRN N o B I Y IR S

[ S VI oA TRV o B oV Il ol

—~ MmO 0L N
® 8 6 o o o & 8 & 2 & o 8 b
O~ e

—

® 2 @ 8 0 o 0 o o .
ST O TN TIDNITTHODODOSS O L E DD

CNFFNTOT~OMO~NTCOMODITNT N~
.

nell
g1l
o®1
o*¢l
gl
g% 1

dW

TeEee ¢
2gsee
BGhe 5T
182¢1
3041
12841
16241
CGod 1Y
9464901

111
[ARAd
2894
gG63¢
By A4
PO A
cLL®
Zhae
G3g*
#G) ¢
cgGe
G2Ga*
192yl
96241
20642
91.9¢¢
Lot 1T
18641
TLTeT
LY ARN
GEo¢
L6629
PURSE
[ANAN!
LO0*9
govs T
shBs 1
Z2nN%o
GOhs T6E
9GL%22¢S

- N VR T IRV o B B L B

e )

-

LETs T

doddaby
rgoe 2l
921492
G6e8%C9¢
LSw*98S

13374

LY QlIwW
ILv QINW
v QIn
LV QIW
1Y OIW
iV QINW
LV ClW
11V GInW
Jiv OIW

LY QI
Tiv QI
11V aIn
iV Qld
1V QIn
1V QId
LV QIW
LV QW
iV AW
1V OIW
N1V QIW
LY GINW
1LV aIN
1V alw
LY QIW
LY QIW
LV OIN
IV JIN
11V CIw
1Y QlInW
N1V QlW
1V Qiw
LV QIR
IV QLW
JLVY QIW
1Y alInW
1Y Q1IN
71V GIW
1V QIW
11V QIW

1V QlIn
17 alW
N1V QIW
ALV OINW
LY GIN
Tiv QIW

NOI93Y

2y6l

19%34 NON
aNIQIINg
1934 NON
1994 NON
9NIUIINg
QCo 3
19357 NON
v

v

9HH
ONIQIINg
0004

WYY
03XIn
¥3dvd
Q00 4

194 47NON
9NIQTINg
AWIIW3HD
19447 NON
AYINIHOVH
WN310dL34
WWIIWIHD
¥3dvd
INIG1INg
Qco 4

Wyv 4
Q3XIW
1944 NON
9N1IGIINg
WYV 3
WN370%L3d
9NIGIINgA
aoo 4

WHY 3

v

19447 NON
v

v

v

1y
1943 NON
194 4 NON
TYNOSH3Id
JYNOSH3d

ALTQOHWOD

JIHSHINMO INV SOILSIHILIVYEVHI *12374

J % Ss*n
2% S¢n
A09”18S
A09 034
ILVAT YA
JLVAIY¥d
H4A~v301

43HL0

d0 ¥ 3INMO
Alud 21
Alud DI
Aldd DI
H4 1v201
H4 v2G1
H3~ 1v¥2061
38 SN
28 S*n
Wuv4
319YAIN¥d
SLVAIYd
JLIVATIY¥d
J1vAldd
JLVAIYd
3LVAIYd
JLIVAINd
JLVAINd
H4 V201
2 % sn
2 %3 S¢n
HYV 3
ILVAING
ILVAIYd
31vAIYd
JLVALYd
YiIH1O
A09718S
¥3HLO0

¥3IHLO0
Y3HILC
A09T 135S
A097 Q34
INIMOT
INIQIW

145414
13s31a
13s31a
13S310
138310
13s31I0
13s31Ia

SVY9

13s310
a3s31Ia
13s31a
135310
13s310
13s310
J3s31a
13s314
13s310
13S31a
a3s31a
13s31Ia
13s31a
13s31a
13s31a
13S31a
13s314Q
73S 314
SV9
SvV9
SvV9
Sv9
SY9
Sv9
SV9
Sv9
13s31Q
13s31I0
SV9

138310
Sv9
Sv9
Sv9
SV9
Sv9

EERR RS
66-¢¢
SG-¢¢
S6-¢¢
GG6-%¢
GG6-¢¢
£¢-9¢
9¢ 11

31-028
31-00
01-09
nNi-00
0T~00
01-00

¥ 11D
¥e NS
veTns
ve ns
ve NS
ve ns
ve ns
Ve ns
veE NS

197ve™ns
197vz ns
197 vz™ns
197ve ns
197vz™ns
197 vz ns
197ve"ns
19”ve™ns
197v2 ns
197v2™ns
197ve™ns
197v2™ns
197ve™ns
19”vez ns
19-ve™ns
1937ve™ns
197ve"ns
197ve ns
197vz™ns
197vz2™ns
19 vz ns
197-vz2"ns
197 v27ns
197v2™ns
197 ve ns
19”ve ns
197vz ns
197vez™ns
197v2™ns
197vz™ns

1 vz™Nns
1y v2ns
1v- vz ns
1y vz ns
1v"vzTns
i1e- vz ns

D-32

¥43sn

JTITH3A

13n4

ALIDJVdYD

3TJ3IH3A




1°0T 836424 S*h 1A% 14V GIwW v s374anoa

Lol £96é1, 9% 926%1 N1V QIu Q3IX I 40T H3NMO  13S31a GS 19 V9SG aN0D
hey v2866g LY HGZeT LY QIW aNIg@IINndg 40" 43Nm0 13s3Ia 65 19 Y95 GH0D
2*9 iSH%e8 S*y CeyeT V1Y QIW aoo 4 doTd3INme  13Ss3IC 56 19 ¥9G 8W0)d
8L $9846L by €097 LV QIW Wiv 4 dO0T¥3INMO 13S3IQ GG 19 ¥9S auWo0d
g3 £GLéSL 6°g 8G9 | LIV AIN  WN310¥13d AIMd™ 21 13s3Ig 56 19 V95 GH02
2*L  £95%09  1°S 95¢¢1 1LY_AIW  IVIIW3HD AI¥d~0I 13S3I0  SG 19 V95 8W0D
6°L 122¢9¢ vy 32¢41 LY OIW gNIgIINng AI¥d 2T 13s31a G 19 Y95 9HO0D
%°9 216499 gt ge6te VLY OINW 000 4 Aldd™ 21 13S3IQ 56 19 V95~ 8WOD
GeL 529451 6%Y ICTsT 1LY aIw WHY 4 dW3ix3“21  13s31aq SS 19 V95~ 8W02d
GeL 9¢64C8 Loy wLET LY IR Q3IXIW 33d$ 21 1383l GG 19 V95 8HOD
8L IhheL 6°h 929¢1 LV QLW WN3IT0¥L3d 234S° 31 13s3lIag G5 19 v95 9H0D
1% G6942L 0°g c0361 LY QIW IVIIWAHD 2348721 13s31Ia G 19 v95 aW02d
83 69L81L 1°g 19861 TLY GINW INIQINg 234$721 13s31Ia SS 19 V95 8WOD
FAX 216%.8 Gy G8Ge T LY alw ao00 4 2348721 13s3Ia GS 19 vY9S GW0D
¥ 2GT4C0T  8°% 901¢9 1LV OIN Q3XIw N39721 13s3lc 66 19 ¥95 8WO0D
gL 0664971 5% $9pe Y LY QW QIAXIW H47I¥201 13s31Id G 19 V95 8W02
2L LehegT Ly GLT%s LYy OIW 19Y47NON A09713S  13S3IQ GG 19 v9S~ gH02
9L GBL*G62 84 LEBST 1LY GIW  WN30YL13d J1VATdd 13S3IQ 55 19 V95 8W02
- 'L 894466 Leh 810¢59 1LV AIW 1y v9578W0D
|5
S 9°*¢ 681469 g£°g C6SsT LY QINW 03XIwW N39 21 13s31Iag GG 19 Y4 AW0D
© g 84949 2*s EACLEY V1V GINW Q3x1In H4 Iv207  13s31d gs 19 Vhe EGWOD
A G°C  L&vsET  1°G 6Tgs ILY_QIW  L9¥3TNON A09TI3S  13S3I0 S5 19 Vo< GW0D
- 6°2 GH94GT €°g zZege e LY QIn Q3XIW H4 Y307 13s31Q GG-€¢ AR ETR
e gz 6ThécT 0°s HGES T 11v_QIu 1939 47NON A09713S  13s31q 5G=-¢¢ voe_aWod
) 932 C2CeLT L*g ¥8041 LY QINW Qd3X1Iw H4~v20) sv9 Gg-¢¢ VoS aW0d
U 1e¢ 9L141¢ g°g 686%2Y LV Q1IN Ty LT T Jo)
=
6°CT 69T%LT £°g 9¢ge 2 v TaIN INIGIINg d0T 43Nm0 3S3Ia S5 19 veTns
0°11 8Ge49¢ Goy LTTX XY LV QIW ININIW dOT¥3INMO 13S3ICG S5 19 veTns
9 628461 6% §8T¢T LY QIN 9NIGIINg AI¥d 21 13S3Iq S 19 veTns
95 zg9%zz 1°5 96642 LV aIw INIQTINg H47v201  13s3Ia GG 19 ve Nns
P11 919¢1¢ 6%t €£918] LY QIW ININIW H471v301 13S3IQ GG 19 vens
geg cG9459 c*39 9G2¢1 1Y AIW WYY 34 H4~1v¥2071 13s3Iq GG 19 ve ns
R pG2ecI geg 3EGeT LY OIk 19447NON 2 % s*n 13s31aq G5 19 ve ns
v*e CYRLEA b h GHESCT ALV OIW aNIg1Ing J % s¢n 13s3la S5 19 ve ns
9*3g 29L%9 18X 09061 N1V QIW 19847 NON ILV¥AINd  13S3Iq GG 19 veTNs
g*L SHLs6T gy coese LV QIW  WN3T0¥L3d JLVAI¥4  13S3IQ GG 19 ve ns
€5 828411 FAR v6cee LY QIW INIOIINg 3LVAI¥d 13S3IQ 65 19 ve ns
6°6 94649 ey 68L8¢ LY Q1N 9NIQIINg 2 8 S¢n Sv9 Ss 19 Ve ns
91l 62h¢sT b2 L0142 1Y AIW ONINIW JLIVAI Y Sv9 56 19 ¥eTns
8*9 319¢12 v°g G10¢7 ALV QIW aNIgIINg 40T ¥3INMO  13S3Ia §6-¢¢ veTns
Adi AdW 9dH 13374 NOI93d ALIQOWWOD ¥3sn 7304 ALIOVdYD IT1IIH3A
2861

dIHSHYINNMO ONV SOTLSIM3LIOVYVHI 13374 I1IIHIA

D-33




.
[ SR R

Cr OV NN

.
<

P I o B o }
.
o o

O Wo o,
.

L]
.
-

FIGURE D-6 (cont.)

O oW
.
L= ]

.
Y

< o
.
<

o
.
o

o
.
[ad

< OO
.

(=2
.
<

Adl

X4 A"
XA A]
£064y
SEG*1 1T
S6E*IT
LAS AVt

96¢4L
9nt€ L
TTye,

LTlodug
Tib*Gyt

A2 ARG
gCygecl
£99¢71
€993 1
IR TANE
229¢
[AA L]

S80%e

Lv2*3 1
89246

360801
£€99¢n1
2EG4s
oGT¢,
[ 8 SLCY
2¢Sto
6984y

Adn

6*¢l
6°¢1
[ R
2*5l1
641
9*°H1

2*36
€*ds
826
£e¢
0°3J8§

8*4v 2
8%t <
LA
#°G1
H°G1
#°G61
£°s1
he*ST
v°G1
S*St

Odw

TTL40Y
blb®
6688862
cTLeCCY
£08% .62
olléCgesl

L9c4¢
gdcty
sgsese

LA 2
hhGe 1

-t

6LheT

CEue 2y
2564201
L9%*001
Coh* L

EX AR
§094uS
€81l%66
L1G%¢G

4 FRIEA"]
562421
ZH5496T41
§89¢GTyel
S664cCGT
LIS Loy s

95143
G9yee
T864¢9¢
Co6TsTTIe
664 9YG
992¢ 5t
BULCLLST

13373

JdIHSYINMOC UNV SOLILSIYILIVYHVHI

1vo oS
v 0S
q1v-0S
1lvT oS
Tivo0S
qivo0S

v oS
1lv_ oS
v oS

1Lv_0S
v os

4F<Hom
LV oS

JivT0S
1V~ 0S
Jiv.CS
1Y 08
RIS

LY 0S
1iv0S
Ly 0S
1LV 0S
LY 0S
1V 0S8
1Y 0Ss
IivT oS
1Y 0S
1V 0S

LV 0S
1LV 0S
v oS
iV 0S
LV 0S
L1V 0S
1y oS

NOI93Y

<yl

1994 NON
194847 NON
IYNOSY3d
IYNCSHId
IYNOSY3d

1V

19y 4" NON
L1934 NON
v

194947NON
Ty

1941 NON
1Y

1944 NON
IVNOSY3d
TYNOSH3d
TVYNOSY3d

v

19434 NON
1943 NON
19447 NON
LOY 4 NON
1944 NON
1944 NON
JYNOSY¥3d
IYNOSH3d
IYNOSY3d

v

194 47NON
19447 NON
1953 NON
TYNOSH3d
TYNOSY3d
IYNOSY3d

1y

ALIGOWWOD

A0S 18S
A097 034
INIMOT
INIQIW
INTHOIH

A09T13S
31lVALYd

SNEH 4

SN8H 4

A09TT138S
INIMOD
INIQIW

INIHOIH

A09™ %S
ILVAT YA
A09718S
A097 Q343
JLVAI N
IXV1
INIMOT
INIQINW
INIHIIH

31VAT¥d
AQ97T %8S
JIVAI YA
INIMON
INIGIW
INIH9IH

d43sn

$13373 3701H3A

SY9
SV9
SV9
SV9
Sv9

SV9
SVv9

13s31a

13831a

Sv9
SV9
SV9
Sv9

13s31Q
13s31a
Sv9
SV9
Sv9
SV9
Sv9
SV9
SvV9

13s31I0
Sv9
SV9
SV9
SY9
Sv9

3n4d

01=-00
0T-00
01-00
cT-00
01-00

a1y
v

v

1

v
v
v
1V

1v
v
v
v
v
v
v
17y
IV

17y
v
1y
v
av
17v

ALIDJvdv)

I A
e~ v2 ™ ns
16 vZ ns
1o veTns
le"v2 ns
1e-v2 ns

SNE_¥3HLO
SNa_¥IHL0
SNa”¥3HLO

SNE_SNyul
SN~ SNY YL

sna_o1
sng" a1

37040
371343
371042
371240
31240

dv3 918
3v2 9Ig
dv2 918
¥yv2~918
4v2 919
dv23 918
¥vd 918
dv2 918
¥v) 9lg
IvI 918

¥YI T 1IVHS
YYI3 T 1IVKWS
4V 1YNS
¥VIT1IYNS
¥YI T 1VYKWS
4V 1IVKHS
¥vI 1IVKS

ITITHIA

D-34



e s o 0

FIGURE D-6 (cont.)

o 2 s o 0 .
e O O N e e OO et

MO VNN T~
.

.
W o

Adl

LAt R AL

6¥6429
69041 L
gSTee0T
LEHS ST
129%a¢

1¢8%a1T
LEWSET
199¢2¢

9ad¢9¢
82845 ¢
LI94L¢
192492
cGB843Y
6g64cl
168431
EhetL

aZHhegl
J09¢41
PRCLERS
9cge e

64yl
SGTéHy
12¢4L1
62L%¢T
8H28G1T
LIc¢2t
EXARES
FLO%Y

68L8LT
¥60451
YGLéEC
c6d%C2
£8242tl
eeZeeT

629¢91
189¢¢
L9G¢y
LAY
€661l

AdW

VDM G O T O
.

Gt

. ¢ o o o
T LIFTIOMUOITET Ty

.

XN ST DN W DD M~O N
L d
[l e 3 oI s RNTONTe RV AN T B To TN - G- SR~ s A 5]

LA X4
6°61
6°61
S*61
6°clt

Jdn

Lt

zehse
60141
8584 e
LL RS
£99¢2¢

Ligst
IR AL
eLdtel

9LG*T
T AR
ng3ee
LL9%¢
9LE* S
Segee
L2111
#1061
509¢1
96T g
ETVAR
66G¢G5

€99¢¢
SHTel
sT1¢1
99142
68541
66241
iche2
1642,
166¢1
L08%¢
10242
£00%¢
CRYSSIE ¥4
#96%¢62

EAS AR
6EB4 T
88542
G9a¢e
SpJ*sHe

13374

LY oS

LY 0S
11V oS
LY 0S
RIS AT
1LV oS

Ly oS
J1v_o0s
1LV 0S

Ly 0S
1LV 0S
Iivoo0s
qivT 0S8
1Ly oS
v oS
LY 0S
Ly 0S
v es
11vT oS
Ly 0S
LY 0S

1ivos
1y 0S
1tv_os
Ly oS
RIS AN
Ly 0S
1V 0S
iV 0S
1Ly oS
1LY oS
1V oS
AWV oS
v oS
LY 0S

ivT0S
Jiv_os
LY 0S
1Ly 0S
VT 0S

NOI93d

861

dIHSY3INAO ONV SOILSIY3LIVUVHD

1y

Q00 3
9NIGIINg
Q3IXIW
L9Y¥ 4 NON
11V

a3XIw
19447 NON
11y

aNIgIINng
ININIW
aNIQIINg
ININT W
gNIgIIng
9NIdNINg
ININIW
aNIglINng
INIGIING
1944 NON
1Y

11v

Q3IXIW
1944 NON
gNIdINg

WN310¥13d
Q004
19447 NON
INIGQIINg
WHY 4
WN370413d
oo 3
1y
1934 NON
1v
1Y

1V
IYNQOSY3d
TYNOSH3d
TYNOSYH3d
a1y

ALIQOWWOD

ATHd™ 21
33d$_01I
N39 21
IYERREN

H47I¥201
A09713S

d0 4 INMO
33ds70I

H4 1vd0n
H4TIv207
J 8 Sen

JLYAINd

JIVAING

2% sen

33 $4n

A09 135S

43H10

H3i 1v301
38 S*n
38 Sén
3LVAINd
ILVAT NG
3% Sen
3% S*n

WYV 4
3LVALYd
JLIVATIY¥G

Y3IH10
A09713S
43HLO

d3HLC
ONIMCT
ONIQIW
ONIHOIH
Y3HLO

43Isn

13374 3TIIH3A

RERERC
138314
138314
13s31d

138310
T3S3Ia

13s3Ia
138310
138310
138314
13s31IQ
138310
13S31a

SY9
13s31I¢
RERED S

SV9

138310
138310
1383140
RENED
13s3I1a
SV9
SV9
SvY9
Sv9
SV9
13s31I1a
138310
SV9

138310
RERENE
13s314a
138314

SvV9

1304

6S 19
86 19
S5 19
6g 19

66 19
86 19

S8 19
gg 19
Gs 19
GG 19
86 19
GS 19
sG 19
S6 19
GS-¢¢
SG-¢¢
9¢ 11

3¢ 19
9¢ 19
9¢ 19
9¢ 19
92 19
g2 19
32 19
9¢ 19
g¢ L9
g2 12
92 11
8¢ 11
gz {1

01-00
01-00
J1-00
01-09
0T-00

ALIDJVdVD

s378noa

v95~ aW0D
Y95 8WO0D
¥9S 8W0D
Y95 9H0)
Y95 aH02

v#C_AW0D
Vbe GWOD
V6ETAW0D

ve ns
ve_ns
ve ns
vens
ve ns
ve ns
ve NS
ve ns
ve ns
vE NS
veTns
veTns

197 vyz™ns
197vz7ns
197veTns
197 veg ' ns
197 ve ns
197vz™ns
197v2™ns
19”vz"ns
19" vz ns
197 vz ns
197vz™ns
197vzTns
137 vz ns
197ve™ns

1y~ ve™ns
ly”"vz™ns
1y~ vez™ns
1y~ vz ns
lv"veTns

3TIIH3A

D-35



0° L0L%8 veg1 192%2¢5 1sv3os TVYNCSd3d ONIMOT Sv9 91-00 te"v2™ns
8¢ w08¢CT  $°G1 8264498 1S¥3~CS  TVNOSY3d INIGIW SVe  01-00 Ly_vz'ns
J*n 129411 151 1688466 1Svi os TYNOSY3d INIHOIH Sv9 cI-00 lv“ve™ns
1] 9zBe.1 8ot 1 B0T8LGu42 1sv3~os v 1y vz ns
Doy 95¢4L oL HZLoHG 1sv3~¢s 198 47NON A09T 135S SV9 v sSNA”Y¥3HL0
J*3 SegeL veL WGIe 21 1sv3~os 1934 NON 3LVAI Y SVv9 v SNg” ¥Y3HIO
0*v XY gL 296419 1Sv3~0s v SNET43HL0
g ;166 CREN gheeg 1sv3Tos 1944 NON SNYH4 13s31Iaq 11y SNa”SNVYL
Geu J16%G¢ CREY 9yge ¢ 1svi oS 1y SNQ” SNV Yl
RN Zel419 6°S YLD 1sv3iTos 1944 NON SNgH4 13S31J v sna o1l
Ui 2e1s19 6°S 06241 1sv3~os v sng” Il
neq 6l2%2 2e¢g cEney 1sv3~o0s 1944 NON A09T18S Sv9 v 371043
9er 80642 3*Cg 8L6%SL 1sv3~os AYNOSY3d INIMOT N T v 37240
9e. WEAY: 000y 19¢4822 1sv3~os ITYNOSHId INIQIW SV9 1Y 37242
! Slusee PR 85z 122 1sva~os ITYNOS¥34 INIHIIH Sv9 v el fo) %!
ge. 0l2%2 g9e3g 5594955 1sv37es 1y 37342
-
=
S C*0 ZTHZATIT 842 19649 LS¥37CS 1994 NON A09718S  13s3I0 1V ¥y3 9148
< a5 ¢C8eaT g°ne 658811 1Sv3°0S 1944 NON JLVAINd4  13S31IQ 1Y ¥vd 9149
© 3¢0  928%2e  B*vZ  L9L¢1 1sv3”0S 193 NON Ixvi 13s31Q v ¥v3 918
a G0 $£99401 v°G1 cLe*T6 isvi~os 19447 NON A09” 135S SV9 v ¥vo_ 918
m ooy £99¢)71 HeG1 veTé L 1S¥3_0S 194 47NON A097 034 SV9 Y ¥v2 918
> ge L5281 v°G1 G9048GY¢T 1svi_os 19347 NON J1VAIYd S¥9 1Y ¥¥3 918
) aeq 229%C 4 v°G1 vhlshe 1sv3~os 19393 NON IXV1 SVY9 1Y ¥vd 9la
O ne2 221%L g*G1 CEYAR CAFA L1svi os IYNCSH3d INIMOD SV9 1V ¥v¥J~9Ig
= neg S80 46 el 690489946 ¢ 1sv3~cs IYNOSY3d INIQINW Sv9 v ¥vd 8Is
3¢ 182421 %°G1 JBLeBLIE 1sv3~os TYNOSYE3d INIHIIH Sv9 1Y 4v2 918
0. 99246 Gesl 06242L0%T1T L5v3i 0S 1Y ¥v3 91d
g agnent gece ho18C6 1Sv3i oS 19447 NON JL1VAINd 13S310Q 1V dVIT1TVRS
nel 299411 8°uz2 rggeg 1$v3 0S 1934 NON A097 %S SV9 v Y2 1IYWS
gec 2€G%s RN #8H%2¢G 1sv3~os 19447 NON 3LVAI YA Sv9 v ¥Y3 T 1IVNS
Qe 229450 v*G1 SEGT LsvaTos 1944 NON Ixvl SvY9 v ¥VIT 1IYNS
0°L oGl8L gecz 16941 ¢5 1Sv370S TYNOSY3d INIRMOT SY9 TV 4V 1V KWS
neg #11%6 °92 LG84GEIsT 1sv3T0s IYNOSYId INIQIW SV9 v ¥Y2 T 1YNWS
35 2€G%, 8*ece 113%.26 1sv3~os TYNOSd3d INIHIIH SV9 Y HYIT1IVKS
0° s 898%y L°02 1G0%9.G¢%¢ 1sv3~ oS 1V ¥YI T VIVKS
Adi Adn 9dw 13374 NOI93¥ ALICOWWOD 43sN 1303 ALIDVdVYD 310IH3A
2ol

JIHSYINAY INV SOTLSIYILOVHEVHI ¢433074 ITDIH3A

D-36



OO NOMmID
.o
T N MM T

L]
D~~~

.
F N MM DN

LR MM NN~
.

gse
ce
L*
P

ne
3

ge

ce
He
2
L*
8"
g
ce
Ge*
He

FIGURE D-6 (cont.)
~

ot 63 ¢

ge

«
.
DO T

<
<

Adl

LeveeT
LA XN R
LGy LY
aelhecy
S624C9
Blbe1¢

116411
BZESLT
681441
9861
299491
c8L%32
0094h T
625451
529492
¥00eTT
SLHSTT
989456
$£9461

0LESLT
Z2h9%2h
02heLT
680601
1224¢

988421
Geseny
188%G¢
822441
L60%ST
90¢49

TH2sG1T
688%42
652461
Choony
260402
6g2421
200441

uGy491
9G6¢ %6
[NEARRS
[ ARA
(2 XA XA
H2Hhe9
[ 24 A0

Adu

TN 0
. o0
W~ 0D gD

MU P TOMINDOC NSO~
8 0 &6 8 6 & ¢ 0 6 0 b 0 @
YT OO NN MW

* o 0 s
OO DI N DR U E M~

. s 0
~—

DO L DO AOONMNMDOU O -

Odhn

£09¢41
£Gegee
HETeT
6154y
GHTIe1
689%86G

8¢gce1
398¢1
Ch9sc
Q2641
AR
L02*9
LIGéHT
LASTRA
INNAEA
CEALRE
382%¢
LST431
£26%18

LGHeT
16082
12641
grIGe T
GE2sT
gp2se
8shez
20481
66641
61242
L1221
BTTe1
66041
y18s L
102401
cLyes
IGTs2hy
v664225

229461
SECte
69T4G1
SBhe L
9TITeHLL
6294511
HTL4ET

13374

1Sv3"0s
1Sv3~os
1sv370s
L1svi~os
1sv3~os
1sv3~os

1sv3a~os
1sv3~os
1sviTos
1Sv3 oS
tsvi~os
1svi~os
Lsv3"os
isv3i~os
1sv3i oS
1sv3”os
1sv3”0s
1sv3~os
1sv3Tos

1svi~os
1sv3Tos
LsSv3~os
1sv3"o0s
Lsvi~os
1sv3"os
1sv3 os
1sva~os
1sv3~os
1Sv3~os
1SvY3 oS
Lsv3~os
1sv3Tos
1svy37os
1sv3~0s
1sv3Tos
Lsv3~os
Lsv3i~os

1sv3Tos
1sv3~os
1sv3~os
1sy3a~os
1sv¥3 oS
tsv3Tos
lsv3 os

NOIS3y

¢gel

19447 NON
WYV
Q3IXTIW
L9947 NON
a004

1Y

9NIQTINg
1944 NON
aNIQiIng
INIOIINgG
9NIQIINg
9NI1QIINg
L9447 NON

WHY 3
9NIaIINg
19337 NON
INICOIINg

1Y

v

WN310¥13d
Q00 4
IVITW3HD
IHH

19347 NON
WN310¥13d
WN310Y413d
qoo4
19947 NON
INICIINg
Wyv 4
AYIIWIHD
9NIGIINg
aco 4

11V

19447 NON
11V

v

1YV
TYNOSHId
JVNOSH3d
TYNOSY1d

v
1944 NON
L9447 NON

ALIQOWWOD

A09713S

WYY 3
H471v201
A097138S
ATNdTOI

d0T¥3INMC
3% Seqn
3 %8 Sen
JLVAIYd
2 %8 s*n
33 Sn
A09 12S

Wuy 4
ILYAIYd
H4 Y2301
2% Sén

d3IHLO

Aldd 21
Aldd D1
23dS7T o1
H4 V201
23 s%n
2 % sen
JLVAINd
AINdTD1
2 3 s¢n
23 S*n

WYY 4
JLVAL Y
JLVYAIYd
JLVAINd

¥3HLO
A0973S

¥3IHI1O0

¥3IHL0
INIMOT
INIQIKW
INIH9IH

¥3HLO
A097 %S
A097 Q34

438N

dIHSYINMO OGNV SOILSTY3LIVHVHI ¢13374 3ITIIHIA

13s31Q
138310
13s31Ia
13s31a
13s31Id

RERER
138314
13s31a
138310

SV9
13s31a
13831a
735310
a3s31a
138310
138314

SV9

13s31a
13s31a
138310
13831a
q3s3Ia
138310
13831Ia
SV9
SV9
Sv9
Sv9
SV9
Sv9
Sv9
138310
13831Ia
SvY9

138310
RENERL
13s31Ia
13s31Ia
Sv9
Sv9
Sv9

13n4

66 19
GG 19
GG-¢¢
SG-¢¢
£€g 17

SS 19
GG 19
66 19
GG 19
68 19
SG-¢¢
GG-¢¢
GG-£¢
GG-¢¢
£¢-9¢
£e-9¢
9¢ 11

92 19
9¢ 19
92 19
92 19
9¢ 19
92 19
9¢ 19
9¢ 19
92 19
92 19
92 19
92 19
92 19
92 19
92 11
92 11
9¢ 11

0t1-00
0t1-00
0T-00
01-~-00
0T-00
01-00
UT-00

ALIJVdVY)

V4E AWN0D
VoS GW0D
VoE_@HOD
veg GWO0D
VoS ENOD
Vog 9W0D

ve ns
ve ns
ve ns
ve ns
ve ns
veTns
veTns
ve ns
veTns
ve'ns
ve ns
vens
veTns

197 vz ns
197 vz™ns
197vz7ns
197vz"ns
197 vz ns
197vzTns
197v2"ns
197v2 ™ ns
197 ve " ns
197vz™ns
197ve"ns
197ve™ns
197vz™ns
197v2"ns
197 v2"ns
197 vz ns
197 vz ns
197 ve™ns

1y vz™ns
lv"v2"ns
iv" vz ns
Ly~ vz ns
1y-ve™ns
19" v2 ns
v~ ve™ns

312IH3A

D-37



FIGURE D-6 (cont.)

-

.
—
-

L] . L] . ] L] Ld [ ] L]
L S S R I I S A - SRV I S - S NV N

UWMOCM~MIIOA0NOO~SFT NN
.

.

[TalRv-I
»
E S

Agl

c924"8

16841
es0*ce
z0L498
26949¢L
£9164L
154436
§994¢89
LIh* 94
A LEEWE
86C*9L
815418
9864459
C9¢e9L
L0G*GE
w314¢Cl
cdctytb
Lewegl
his5%6C
©®9644G

ccu*y9
6fT%y9
9glZesl

Adw

(sl Vo oo o JRV e IRTRRN « NESRNTO N 3N o3
.

<
.

.
TU T I INITITTIITINDT TS

~O M~ W
.

.

O M
.
v

OdW

LY

olGe]
9y2e 1
98¢
10T¢2
[ INANN
BLGS T
Chley
GI0¢1
2924e
LG8e T
2g9ce1
68L¢1
GOTe1
929¢1
igLYY
[AYANS
cgne L1
GG1¢1
[ XARYA

L1241
€It 1
LST¢1

13374

LSV:Z

1Sv3
1Sv3
1Sv3
isSv3
L1Sv3
LSV3
1Sv3
1Sv3
1sv3
1Sv3
15v3
1Sv3
LSv3
1Sv3
1leV3
1Sv3
1Svs3
1Sv:z
1Sv3

15v13
LSV3
1Sv3

NOI

dIHSYINMO ONV SOILSIY3LOVHYVHD

cs

~os
E
“os
“os
oS
oS
“os
~os
~o0s
oS
~6s
~0s
“0s
~os
oS
“gs
S
oS
~os

“os
~os
0S

93y

¢dol

a7y

U3xX1In
aco 4

WYY 4
WN310813a
AWIIWIHD
9NIGIINSG
QU0 4
153404
WYV 3

WYY 4
G3X1In
WN370Y13d
9NIQ1INg
7004
aix1iw
03XIW
19447 NON
WYV 4

11V

Q004
03XIwW
Q3X1wW

ALIQOWWOD

40 w3ANMO
do T y3aNme
d0” ¥3INMO
Al¥d ™21
ATdd™ D1
Al¥d DI
Aldd 01
Al¥d DI
AI¥dTO1
dW3X3IToI
33ds$7 01
23ds7 a1
234S$7 01
2348701
N397 21
H4 V201
A097 13
WaV 4

Alda_ 01
N397D1
H3a 1voed

d3sn

13374 370IH3A

138314
13s31Ia
13s31a
13s31Q
13s31I10
138310
q13s31Ia
13s31Q
13S310
13s310
13s31IcC
13s31a
13s31Q
13s31a
138310
1383140
138310
1358310

13s31a
13S31aQ
138310

1304

Gs 19
GG 19
GG 19
SS 19
S8 19
SG 19
GG 19
Ss 19
S5 19
S8 19
SS 19
GG 19
56 19
SS 19
66 19
GG 19
6S 19
GG 19
GG 19
SS 19
S5 19
ALIJvVdv)

s$378noa

v95 gn0d
V95 W02
V95 8W0D
v¥957aW02
V9IS aW0D
V95 8W0D
v9S aWod
V95 8W0D
V95 gn02
¥Y95 gW02
V95 8N0D
¥95 GW0)
v9S awW02
V95 8W0D
Y95 BHOD
Y957 8W0D
¥9S 8WO0D
V95 8HOD
V9IS EN0D

Vee 8WOD
Yo 8HOD
Yo< GW0D

ITD1IH3A

D-38



g3es 89K 11 o°vT 9L1%€08 MINIDTON 3 IYNOSYI INIHOIH SY9 01-00 1" ¥Z™ns

T*9 804401  G°S1  115%866%¢ YIN3DTON 2 1Y Le7v2TNns
9°y  Bgees AN 92st1 YINIOTON"3  19¥4_NON snaud  13s3IC 1Y SN8”Y3HLO0
nee 9684L veL Gzgtes ¥INIJTON_3  19¥4 NON A097 135S Svo 1Y SNg_¥3IHLO
0°s  968%L bl ceests ¥IN3IOTON~ 3 1944 NON ILVATYd Sv9 1Y SNA_¥3AHLO
9°5 SegelL ve L 9214 YINIOTON 3 19d4 NON SNEH4 sv9 11¢ SNa_u3HLO
0°u  LIeeL gL 184491 4IN3DTONT 3 v sna"¥3Hio
3°.  3le*se 8°¢ 3T1L%6 d4iN3DTON"3  LIHATNON sngHa  13s3Ia 17V SNA_SNV¥L
0°¢  oletgE  3°¢ GTLse 4IN3IDTONT 3 v SNgTSNVYL
0°3  2yI*19  e°S vhL8E 4iN3OTONT3  L9¥4TNON sndgHi  13s31a 1Y sna_J1I
i*35  ZHI*I9 6°G vyLse ¥LN3I2TONT 3 1Y sna” oI
1°0 elEte 0*0s  lzeve ¥INIOTON 3 L19d4TNON A09713S Sv9 1Y 37049
3*C B0&%2 0°0¢  1gG*9ge 4IN3IJTON"3  YNOS¥1d INIMOT Sv9 1Y 31349
ity alzde 5°05  68.%29% 4IN3DTON_3  TVNOSH3d ONIGIW Sv9 1V 31042
0*0  £I0%2 0°05  197%79G ¥IN3DTON_3  1vNOS¥3d ONIHOIH sv9 1V 31043
6*0  eresz 0°0S  %09%29¢°1 4IN3IDTONT3 1 37049
—~
I
) 9°c  2ZH24TT 8°vZ  G0E4L ¥IN3IJTON”3  L9¥4 NON AG97I3S  13s31IQ 1Y ¥yv2_914d
£ 0°2  €CB*CT  8°ve G298l YIN3IJTON"3 1944 NON 1vAINd  13S3Iq 1Y ¥vo_ 914
© 0°0  928%2y  9°HZ  NeLee MINIDTON_3 L1944 NON Ixvi 13s3Iq 1V ¥vd 91d
a U*9  €9940T  w°GT  zeceeol YIN3JTON_3  19¥4 NON A09” 73S SV 1Y ¥vd~918
- 0*0  £99431 G  ¢l2*B MINIOTON'3  19¥4 NON A097 034 Sv9 v ¥v)_918
= 9°2  LH2eCT 96T 968%L19%2 ¥INII_ON_3  19¥4 NON ILVAINM Sv9 1Y 4v3_918
= 0%y 22940 $°GT  890%e¢ 4IN3IDTONT3 L1944 NON IXvL Sv9 1Y ¥vo 918
O 0°s  22reL £°ST  086*418°¢ 4IN3JTON_3  TYNOSY3d INIMOT Sv9 1V ¥v3_ 914
2 0°0  G80%6 #°GT  Ieh*T6L4S MINIDTON_3  1YNOSY¥3d INIQIW Sv9 1V ¥vo_914d
0°5  L¥24NT H°GT 263%198%% YIN3JTON_3  TYNOS¥3d INIHOIH svo 1V ¥yo"918
6°c  eS2%6 G°GT © g29ézgneLl HINIOTONT 3 1Y ¥vd 91§
g% GG0%0T  g€°€e G904 LwI ¥INIDTON_3  L9¥4_NON 3LVATYd  13S3IQ 1V ¥V 1IVWS
0°0  £99¢7T  g°02  192%% MINI®TON_ 3 19M4_NON A09712S Sv9 1Y ¥YO_1IVNS
5°0  28G4e 8°u2  2ELeiH8 4iINIDTONT3 1944 NON ILVAIYd sv9 17 ¥YI_1VNWS
0°C  Z29%av  #°ST  L29%1 MINIOTON_3  L9Y4TNON IXV1 Sv3 IV YVIT1IVKS
2°%  &GT%L n°32  L9SeTIgeT ¥IN3O ON_3  TYNOS¥3d ININOT Sv9 1V VO 1IVMS
£*2  #ll% #°02  £CezZLECT dINIOTON3  VNOSH3d ONIQIW Sv9 1Y 4VIT1IVHS
0*.  28S%o 8°02  8l6*wIH*T 4INJOTON"3  TVNOS¥3d ONIHOIH Sv9 1Y ¥YOTTIVHS
0°c  898¢8 L*2¢  82s*Cv94S 4IN3IOTON 3 1Y ¥V 1IVHS
Adl AdW 9dW 13374 NOIZIY ALIGOWWOD ¥3sn 73nd ALIOVAVD  3TDIH3A
2861

dIHSYINMO OUNV.- SIILSIY3LIVHYVHI *¢L3374 31IIH3IA

D-39



FIGURE D-6 (cont.)

*<
°1
¢

o uow

1
*1
1
°1
°1
1
*c
*Z
1

o>
(9

*e

* 8 9
—

.
R I B B BEL R S B B B el oo B o

«

CMMIITUDAUNSMTI UM NOCT DO Mo em ST O M
.

0

L2}
.

LR T DI o T SR <= N W)
. .

(&
.

[T REDIFA
LR

19v¢01
CLT4uT

I31¢2h
600 4G¢
£9G4¢T
2Got* L2
vl9%2¢%
G991
AN X4
Ly8 e

LEIHT
TCo*11
98240

JbeeST
8559425
9L64C1
HE3891
95852
LOHeG2
SLLbEE
cohege
L6Ts"g
GH182T
ollts

60946

GBEeLT
LLB4HT
89T 41T
hEHhe9T
90G* L2
¢G2%T
co0s2
266411
993451

G2yl
EXEAR
LblL%S
Zhl 49
19421
Hine9
nZu*9
8864 o
L9981

e » & o ® 8 o 5 s 8 8 3 &
-

OM T O AT A ACNDNANDTMODOMDNMM AT T O
o & & & 9 & % & 4 & ¢ o 0 ¢ o O
[ -Vl N To U To BRVS = T RV SN TORP- T NNV I TR o B pu VSR QY- BN (= Vo BN o o S ol B it aeiE = O & BN )

€91
c*¢e
[{A
G*¢c¢
g*ct
6°¢l
[T
g*nl
g*nl

2261
The 2
Lis*Ge
Z€8* o9l

gGTe1
ceoe
e
60¢*
1664
Lhos
681¢
LTy
£L9¢
Gege
XAV
LGO*
2Ggee
L2ne
Zu9s.
1LG¢
cTTe
L21¢
Tyt
yzgs
429*
hehe
Sb6*
LAOAR
Lt
Lo%¢
n02e21
yeeee
L3Ld e
Sel*y
C6r*€94
L99%39¢L

DM Y N D S e et e N ot v e N e e e
-

g
g}

v

¢

slote

LER SR
218
$GGey
G97¢nGTeT
981511
99182
190¢GTL
L8664 T9T¢ T

dIHSdsNRAD UNV

41N3IJTONT 3
4IN3IDTON™ 3
41N3JTON 3
4IN3D ON" 3

YIN3D ON S
¥INIJTON 3
41n32T 0N 3
MIN3D ON 3
4IN32TONT 3
¥YIN3JTON™ 3
FIN3IJITON 3
YIN3DTON 3
SIN3IJTCONT 3
YIN3IDTON 3
NIN3JTONT 3
YIN3JI ON 3
¥4IN32TON 3
dIN3DTON 3
YIN3D ON 3
MIN3IDTON 3
dINIDTONT 2
¥IN3JDTONT 3
YIN3IDTON 3
4IN32TONT3
41N3DTONT 3
¥IN3IJTCN 3
dIN3IJTON™ 3
4IN32TONT 3
4INIDTONT3
diIN32TON 3
¥IN3IDTCON™ 3
4IN32TON 3
¥IN2IDTON 3
4IN3D ON™ 3
4IN32T 0N 3
4LN3DTON 3

YIN3IDTONT 3
41N32TON" 3
YIN3IDTONT 3
MINIDTON™ 3
4IN3I2TON 3
YIN3D ONT 3
YIN3DTONT 3
YINIDTON 3
4INIDTON 3

NOIO3d

bl
SOTLSTH3LIVEVHD

aoo4d
WdV 4
v
v

194 4" NON
AYINIHOVHK
IViI3W Av4
WN310¥.3d

aco 4
G3X1HW

9HH

WYY 4
WN3104l3d
9NIQTINg
WHVY 4

1944 NON
Q3XIw
AYINIHOVW
Wwn3loyLad
aNIgnINng
000 4

Q00 4

Wyv 4

WyvY 4

1944 NON
9NIQINg
WYY 4
WN310¥13d
IVIIW3HID
9NIQINg
6004

WYV 4

v

19934 NON
1Y

v

v
IYNOSY¥3d
JYNOSYEId
AIYNOSu3d

v
19384 NON
1943 NON
IYNOSY3d
IYNOSH3d

ALTQOWWOD

JLivAldd
WHV 4
Y43HIO

Alyd 01
AI¥d D1
Al¥d 21
AIdd™ D1
Al¥d D1
H4 V20N
Hi~ 1v201
H4~1v201
28 S*n
J 3 S*n

WYY 4
JIVAINd
3LVALYd
JivAlyd
J1VAINd
31YAING
31VAlyd
AI¥d™ 21
AIN¥d DI
H4~Iv201
J % S*¢n
2 3 s¢n

WYV
JivAlud
31VATYd
3iVAINYd
JlVAl¥d
I1VATYd

¥3HLC
A09718S

WIHLO

43HLC
INIMOT
INIQIW
INIH9IH
4IHLO0
A097 138
AC9 034
INIMOT
INIQIW

$13574 31D1IH3A

73s31a
SV9
SV9

13s31a
138310
13s31a
13S31a
138314
13s31a
138310
13s310
13S31Q
135310
13S310
13s31aC
713s310
13S831Ia
713S31I0
138314
J13s31a
SV9
SV9
SV9
Sv9
SV9
SV9
Sv9o
Sv2
Sv9
Sv9
SV9
138310
13s31a
Sv9

13s31a
13s31a
13s31a
13s310
Sv9
SV9
Sv9
Sv9
Sv9

£€=-92
£g=9¢
g¢ 11

e1-00
01-00
01-00
21-00
01-09
01-09
6t-09
0T1-00
01-06

ALIOVdVD

vE NS
vens
ve ns
v§ ns

19-vz™ns
197v2 ' ns
197vz2™ns
197vz™ns
197vz™ns
197 v2"ns
197ve7ns
197ve™ns
13" vz ns
197veTns
197ve ns
197ve™ns
197 v27ns
197 vz ns
197vz ns
197 v2 " ns
197ve™ns
137vz™ns
197vz7ns
197ve ns
197 vz ns
197vyz™ns
197v2™ns
197ve™ns
197vz™ns
197v2™ns
197v27ns
197vz™ns
197v2™ns
197 vz ns
19" vz ns
19" vz ns

lv"vz™ns
1y vz ns
Lb~vz™ns
1o vz ns
1% vz2 ns
1y vz™ns
1y vz™ns
1% veTns
1y vz™ns

3T2IH3A

D-40




N N A 0O T et N
LI
[ T Il LV NSV o B« KN s B« O3 i o o]

~
o

(=4
L]
g

ce
[e
8*

o
.
[aVIL A o VI A VA QU oV I oN ]

£°L

N
.
ur

8°4L

FIGURE D-6 (cont.)

AdlL

L

S0g*36%
600408
0214301
L26%H2
Gla%ec
closze
882492
Lehdel
GLI*HT
285% G5
XA A XA
1¢G%66

645469
899¢L4Y
687469
i86%22
NS AR
268499
01841 Y
Ne6*31
AR AN
CEG* 91
LI3A Y]
19145¢

jeleLe
95¢2¢%6¢
GGT438L
CYRAREY
61¢es¢
CELAR A
b$G¢8

cLesel

eTLéHT
CY AR R 84
Gl8*He
SETesT
969%¢

Ih64ce
CRERE X4
Zereze
LE8*GT
009641
chetel
66T4¢C1T
g8he

20045

AdW

* o s s

[l i = o« SN LR # AUV B RN o = o - R T o]
.
Fr¥FrITITNPTIITTT

e &

. ¢ 8 & o s s s
CETMHITIMINONIN TN TN S CH SO

TN~ ONTOCOT AT MDD 0~
]

9dHW

6901
806G
YA L FAt
9¢1¢y
OhLeT
95Hh¢ 1
hZLe L
668%y
LhLtY
Lh3s1
T16¢1
99¢%6cl

912¢1
906G 1
€864 1
chisl
SEhe L
hocel
neiet
SLE Y
Tege2
90¢e
000s1
168499

8heé Yy
0811
CETeT
2864y
16047
96T #1
L XA
2Lt
€€64G
LT L
9La¢T
LR A
re6sel
HG94 1
668¢ <
R TARY
LhE*6
196491
¢e9st
y6G42
gLeé2
CLntl

13374

4INIDTON 3
¥INIDTON 3
YINIJDTON 3
41N3D ON™ 3
¥iN3IDTON 3
YIN3JTON 3
YiIN3J ON 3
¥INIDTON 3
¥4IN32TONT 3
YIN3IDTONT 3
YINIJTON 3
dINIDTON 3

¥4IN3IION 3
¥INIJTON 3
4INIDTON 3
YIN3JTON 3
¥IN3D ON™ 3
¥INIJTON 3
YIN32TON" 3
MIN3JTON 3
¥1N3IITON 3
41N3I2TON" 3
4IN3IITON 3
¥IN3IDTON 3

YIN32TON 3
¥YIN3IDTON 3
4INIJTON 3
MIN3IDTON 3
¥4IN32 ON 3
4INIDTON 3
4IN3IJTON 3
¥IN3J2TON 3
¥iN3JON 3
YINIDTON 3
41N327ONT3
YIN3DTON 3
YINIITON 3
¥IN3IDTON 3
4iN3IITONT 3
dIN3IDTON 3
¥IN3IDTONT 3
¥INIDTON 3
¥WINIDTONT 3
4iN3DTON 3
¥EN3JTON3
¥iN32TON™ 3

NOIO3¥

Zge6l
JIHSY3NMO ANV SJIiSTUILOVYVHI ¢13374 3NIIH3A

1S3¥04
WaV 4
Q3IX1iW
Q3XIW
9NIGIINg
Wav 3
9NIGIINgG
1944 NON
WYV 4
WN3I10¥13d
Q004

1V

oo 4
IHH
Q3IX1Iw
a3axIw
1944 NON
Q004
Q3IXIw
Q3IXIW
1944"NON
a3axIw
Qo004

v

aN1aling
9NIQTINg
Q3XIW
9NIQTINg
1943 NON
gNIQIINg
ININIW
WYV 4
aNIQiIng
ININIW
aNIglIng
9NIQ1INg
Wyv4
9NIQIINg
aNIglIng
1984 NON
aNIQIIng
1944 NON
9NIQIING
gNIalIng
Wyv 4
Wav 4

ALIQOWWOD

2345701
23dS7 01
N39T2I
HA~ Y2307
H4~ V201
H4i~v301
J % S*n
A09 73S
WYY 4
31VAING
ILVAIYd

Ald¥d™ D1
33d4S7 21

N397 21
H471v301
A09”13S
Aldd 21

N39 21
H4 1v207
A09713S
H4 V201
Aldd 21

d0TU3INMO
Aldd DI
N39OI
H47v207
2% s%n
2 % Sen
2% S¢n
WYV
ILYAI YL
31VAINd
40T ¥YINMO
33 sén
Wyv4

d0 ¥ 3INMO
H4~1v201
J % s*n
33 s¢n
A09T 13S
JLVAINS
J 3 sn
Wav 4
Wyv4

¥3sn

RENERS
13s31Id
13S310
13s31a
138314
138310
138310
138310
q3s314
138310
138314

138314
13s31Ia
138310
738314
13s31Ia
138314
13s3Ia
q13s31Ia
138314

SV9
138310

138310
138314
13s31a
13S314
q3s31d
q3s31IC
138314
13s31d
RERERMY
138310

Sv9.

SV9
SV9
138314
138310
13s31a
138314
138310
38310
SV9
SV9
RERERS

1304

Ge 19
66 19
SG6 19
S8 19
sg 19
SG 19
GG 19
66 19
66 19
GG L9
GG 19

SG 19
GG 19
66 19
§6 19
sq 19
GG-¢¢
GG~-¢¢
G6-¢¢
gg-¢¢
gG-¢¢
£¢ 11

€S 19
Q6 19
GG 19
S6 19
GG 19
S5 19
S6 19
66 19
GG 19
S8 19
GS 19
GG 19
g9 19
66-¢¢
66-¢¢
6G-¢¢
GG-€¢
GG=-¢¢
GG~¢¢
6G-¢¢
gG6-¢¢
£¢-9¢

ALIDJVdVD

Y9G 9WOD
¥95 8W02
v9S_GW0)J
V9GS GWOD
¥95 GHOD
v95 AW0D
V95 9W02
v95 9W0D
v95 gW0 D
v9S GW0D
v9S 9WO0D
v95 AW02D

vHE GHOD
VhC GW0D
vee 8W0D
Vhe GWO0D
Vb aW0)
vH$ AW0D
Vog 9WOD
voS WO
vyE AWOD
Y4 GWO0D
VoS EWO0D
¥Y6E GW0D

ve ns
ve ns
vens
ve ns
veTns
vens
veTNns
ve'ns
veTns
ve™ns
Ve ns
¥e NS
Ve ns
ve ns
Ve ns
ve ns
vens
veons
ve Nns
ve™ns
ye ns
veTns

JTIIH3A

D-41




FIGURE D-6 (cont.)

AFCTCN LA ODOLNTONDY DO OON-AT OO
. . L] . . - L] L] . L] .
N - S N B - Y N S S S A VK R

TELYSS
946491
£e9%2L

GIg%eL
8C9*H9
658459
8Iyt5g
v18826
9¢84¢G
b20%sg
Shes L,
£CEYTL
AT¢ 456
oo *69
vg8e 9y
6Ghegg
G8e*¢8
91646l
IIT*s9
GG *bg
[ 2 2KV}
cLgteL
SyndLL
B6BSTL
oll®ny

1°s LIE AR
1 2%y 60ce 2
"R ] SLl¢g
9° 4 99Gs ¢
LY 98941
c*s 801
L*Y SThte
LA LB89%C
Z*s ccost
G L18¢¢
6*h b65¢2
6*h vIT182
G*h 2c9%c
9°*h 9684 G
geh JbleY
6%h 99Gs 2
Sy (Y ASR"
LY 10C¢é¢
0°5S Lol
L*h AR A N
6% eGys¢
1*S GCytl
ER 111
8*¢b LG4 ¢
G*h L TARY
Odh 413374

dIHSHINMO UNV SJ1451¥313VvdVvHD

mFZMQHozHu
41N32TCN_3
41IN3ID ONT 3

¥YIN3IDTONT3
wlIN323 0N 3
YIN3IJTON 3
4IN3IJDTONT 3
YIN3DTONT3
¥IN3ID ON 3
¥IN3IDTON 3
YLN3IDTONT 3
YIN3DTONT 3
dIN32TONT 3
dIN3DTON" 3
4IN3DON 3
¥IN3IOTON™ 3
YINZD ONT 3
YIN3IDTONT 3
YIN3IDTONT 3
YIN3ID ON 3
4IN3DTONT 3
¥IN3IDTON" 3
4IN32 ON" 3
alN32TONT 23
4IN32 ON 3

NOI93Y

¢y

WiV 3
Q3XIkW
qv

Q3X1IW
VL3N ud
IHH
9NIQ1INg
Qo0 4
ININIW
WYY 4
WN370¥134
IVIIW3HD
9NIG1INg
Q00 3
1S3404
WY 4

WdV 4
GIXIW

03 dSvyl
Av1I3IW Y¥d
WN3I10¥L3d
IVOIWIHD
¥3dvd
aN1Q1INng
300 4

ALTGOWWOD

6l
$id

23ds” 01
N39 D1

40T ¥3NMO
doTY3INMD
d0” ¥3INAQ
d0T¥IANMO
d0TY3INMD
40T ¥3INAO
d0T¥3NAO
Alyd D1
Aldd D1
Aldd DI
Aldd D1
Al¥d D1
Aldd DI
dW3IXx3721
23dS7 01
23d4S7 01
2348701
23dS7 21
23d4S7 01
23d4S87 01
234S$7 01
33ds$T oI

¥43sn

374 3701IH3A

138310
13s31a

13s31Ia
13s31a
q13s31a
q13s31a
138310
13sS31I0
138310
135310
13s31a
138310
q3s31I0
138310
13s31a
13s3Ia
13s310
13s310
13s31a
13s31a
13s31a
13s31a
73s31I0
138310

13Nn4

66 19
86 19
GS 19
GS 19
S5 19
56 19
GS 19
S5 19
GG 19
SGs 19
SS 19
S6 19
S6 19
S6 19
SS 19
S6 19
SS 19
GG 19
6S 19
GG 19
GG 19
SS 19
SG 19
SG6 19
ALIJVdV)

s$318no04a
$3789noa
$378noa

V95 9W0D
V95 W09
v95 gWHO0D
V95 8W0D
Y95 9K0)D
Y95 8WO0D
VY95 aW0d
v95_an0d
v95 9W0)D
¥9S  GN0D
¥95 8W0D
Y95 8W0D
Y95 gN0D
¥95 gW0)D
¥95_8W02
V95 9KW0)D
Y95 aWO0D
Y95 8W0D
v9S dW0d
v957 W0
V95 gW02
V95 aW0D

3TIIH3A

D-42



o
.
[ SN ot]

L=
.
[

w
.
oS B ]

(o=l
.

ae

D Qo
« s
DNs s LoD

C*i

g°
o.
02
g
0°90
G*0
e

g6

FIGURE D-6 (cont.)

gec
c*¢
g*L
0°¢
0°Q
o*¢

0°0

Adl

€G3 11T
LXA AN
9Zhe9
121*8
080401
Yh8¢31
TL9%01

9654 L
96c¢L
LObe .

tle%se
0lesGe

chisi9

6l
806¢¢
6l24e
c15¢¢
6lée

29211
£08%01
£99¢5 1
£99¢31
Ly2e01
z29%a
22T4L

S80%5

Ly2enl
86246

0G94G1T
£99401
2¢S%b
6GT14L
#T1%0
2eGte
19848

Adi

LA
6°¢1
6°¢1
L*H1
Lyl
LAl B ¢
g6 1

g8*he
8*v¢
¥°GT
LAR R
beS1l
2°G1
€°st
yeSt
LAdR
SRl e §

£ese
8*C¢
8°0¢
gene
v*o2
8°02
Le°g2

9di

£L6%¢c39
1€L%8S
1¢2461
geht Loy
HTH4 199
BLI* LG
296%cvecee

LLléye
629%
08heie

10¢ee
T0gee

188

2601

3284 LYy
£6L4ETT
LAZAR N 81
92b%5L2

ceoee
eL9o4 g9
ccgese
LTyeg
LLL*316
TTL4¢T
G0648¢eT
g9Gecepse
TE0®90L4T
STL42T149

v1981G
6l141
£9G*G62
LOEsG 9
#114.G9
LT ASE A%
v9S* 0864 T

13374

4IN3DTO0S 3
¥IN32T 05" 3
¥IN3ZT0S 3
dIN3DT0S™ 3
4IN3D 08”3
4IN3J 0SS 3
4iN3DT0S” 3

4iN3270S”3
¥IN3D_0S”3
4IN3270S73

¥1N3270S”3
41N30T0S™3

¥1N32T 0S8 3

¥IN3JT0S™ 3
¥INIJIT08™ 3
¥INIDT0S” 3
¥1N32T0S73
@IN3IJT0S™3

¥4IN32T0S 3
¥iN32T0S™ 3
¥iN3DT0S™ 3
4iIN3J27T0S™ 3
¥IN3JT0S 3
¥IN3DT0S 3
41N3270S 3
¥IN3D 0S 3
HIN3DTO0S™ 3
4iN32T0S™3

YINIDT0S 3
¥1N32T0S™ 3
¥IN3IDT0S™ 3
¥4iN3ID 0S™ 3
¥IN3ID 0S 3
4IN3IDT0S 3
¥iIN3DT0S™ 3

NOI93Y¥

¢gel

IV
1944 NON
19¥ 47NON
TYNOSYH34
TYNOSYHId
JYNOSY3d

v

L9¥4"NON
19y47NON
v

1944 NON
v

1V

194 47NON
TYNOSYId
IYNOSH3d
IYNOSHId

1Y

1943 NON
1944 NON
1994 NON
19447 NON
1944 NON
19447NON
IYNOSYId
1YNOSYH3d
IYNOSHId

v

1984 NON
19394 NON
1944 NON
1YNOSY3d
IYNOSHId
TYNOSH3d

1V

ALIQOWWOD

¥3Hi0
A09”13S
A097G34
INIAOT
ONIQIW
INIHSIH

A09T13S
ILVAINd

SN8H 4

A097138S
INIMOT
INIQIW
INIHIOIH

A097 138
JLvAldd
A097 1388
A09T 034
31VAINd

IXvl
ININGT
IONIQIW
INIH9IH

3LVAI Yd
A09T13S
31VYAIYd
INIMOT
ONIOQIW
INIHOIH

¥3sn

JIHSYINMO ONV SOILSIYILOVAUVHI 4103374 3ITIIH3A

SV9
SvV9
SY9
SV9
SV9
SvY9

SV9
Sv9

738314

SV9
SV9
Sv9
Sv9

13s31a
13s31a
SV9
SV9
Sv9
Sv9
SV9
SV9
SvY9g

38314
SV9
SV9
SV9
Sv9
SV9

1304

0Y-00
0t-00
0T-00"
g1-00
01-00
0T-00

v
1y

v

1y
1y
1y
v

Iy
1y
v
v
1y
1My
1y
TV
v

1Y
1y
1
1
v
v

ALIJDVdVD

1" vzZ™ns
19-v2°ns
ly_ve_ns
14~ vZ ns
1y v2™ns
1y vz ns
LeTve™ns

SNE_HIHLO
Sng_¥3H10
SNA” ¥3IHLO

SNa_SNv¥l
SNETSNV YL

sng" oI

37040
ERDY S
31342
37042
37042

¥vo_ 919
¥yo 91g
yyJ 9lg
4vd 918
¥vo 914
¥va 918
¥¥2791g
¥yvy2 918
¥vd 914
¥vJ 918

¥YI 1IVKS
dYI T 1IVWS
4VI T YIVHS
¥YOT1IVHS
4vIT 1YHS
YO 11VKWS
dYIT1IVHS

JTJIH3A

D-43



]
~

-0
Moo

—
—

>

—

o ot

MM IO NT SO
-t

FIGURE D-6 (cont.)

C vt O O et et (N e

[

Lyt
6%l4%9

LGH eS¢
TLvtLe

vl6%31
919¢1¢
| SRS
686471
1e849¢2
L¥B4TT
Geed2¢
v82I1
¢S3%o ¢t
Gers52
682461
309¢yT
u09e el
£l
g3T611
co9*ue

T€GS*16
ZlL%¢cy
olEeLT
YLLSLT
00C*t

86,401
LHT*ST
gv84e

G908¢T
Gledh

g92%1¢2
bbutcl
658¢81
L1945
L00¢%s

26i%ace
02911
419421

6864 ¢e
Cvesot
G954yl
IG6¢e61

M)
o o
O

CT~NDVLTONEC VDO NOMM
.
FTUOUNITFTIFIFONNETMHSTD T T

L] ® o o & 0 o o
MR OMET OO LODNNNITVOND

CeFT NI MOVt O o O
L]

S*91
L°g1
L°81
gyl

gclst

610%1G

€811

gvdtse

Lbgs 1
TN
89 4%
£884¢¢
L
2L8%T
CHee I
GGoel
CLC4T
CTTsT
69241
BEHe L
Ggae T
0801

LLTOCT
60641L

6801
606G T
bbge
n60¢
6GZe
699¢
2G0¢
129¢
GLG¢
10L¢
Cog*
019¢
971G
60L*
G90¢
Ihge
4
hoL®

ot ST (WU e e UM e e D e e O

G913
bUGHS
cS6ty
g1y

13374

o

N

D

[

L4
"

4IN3270S™ 3
¥IN3IJT 0573

41N3070s73
4AN3DT0ST3

¥IN3ID 0S™ 3
4LN2DT0ST3
¥IN3DT0S™3
d1N3270S73
4i1N3270S™3
41N3270S73
¥iN3DT0S” 3
¥iIN3IDT0ST3
¥IN3IDT0S™3
dINIDTCST3
¥IN3ID 0SS 3
¥IN3DTOST3
4IN3DT0ST3
4IN227 0S5 3
4IN32T0S™3
4IN3270S™3

¥IN3D 0S™3
dINIJT0ST3
¥IN3I2T0S™T3
¥iIN3DT0ST3
41N3D70S73
¥IN3I2T0S™ 3
4IN3DT0ST3
¥IN3I2T0S™3
¥IN3IDT0S™3
4IN327 05”3
¥IN3D2T0S™ 3
¥IN32T0S™3
¥iIN32T0S7T3
dIN3IDT0ST3
41N3DT0S73
¥iIN327T0S™3
¥IN32T0S”3
d4lN327 0573

d4LN3270S73
¥IN3IDT0S73
41N3270573
¥IN3D2T0S73

NOI93d

[4:1°0¢
JIHSHY3INMD JINV SOTLSTHILIVHVHD

19334 NON
1y

G3XIW
1v

9NIQIINg
ININIW
aNIQTINd
9NIQ1INg
ININIW
INIQIINg
aNIGQ1INg
9NIQIINg
INININW
ONINIW
ONICIINg
19947NON
1949 47NON
WYV 5

v

v

31412313
0003
WN3710413d
9NIGQIINg
WYY 4
WN310Y13d
03xXIW
19447 NON
9NIQIINS
WiV 4
WN3704134d
9N1gIINng
000 4
153404
v
194 4 NON
TV

IV

17V
AVNOSY3d
TYNOSH3d
AYNOSd34d

ALIJOWWOD

A09718s

H4~ Y201

40 ¥3INMQ
H4~v201
J % S*n
ILY AL 44
JLVAIYS
d0 T ¥3INMO
H471v200
J % sn
3LVAIdd
H4~v207
2 %8 s*n
A09713S
A097 Q34

WYY 4

¥3HLO

Alyd D1
Aldd 21
2% sen
2 % s*n
Huv 4
3LIVATYY
H471v201
23 s*n
3 8 sen
WYV 4
31VATY¥d
JLVAI NG
JLVAIYd
31VAIYd
¥3IHLO
AD9” 135S
Y3HLO

Y3IHLO
INIROT
INIQIW

INIHOIH

13374 37231H3A

13S31a

13s31a

13Ss31Ia
13s3Ia
138310
T13S31a
138314
SV9
Sv9
SV9
SV9
138314
13S31Ia
13s31a
13S31Ia
13S31a
SvV9

73s31Q
13s31I0
138310
13S31IQ
138310
138310
SV9
Sv9
SV9
SY9
SY9
SV9
SV9
SV9
13s31Q
13s31a
SV9

13s31Q
13s310
138310
13s314

13n4

S5 19

SG~-¢¢

GS 19
8§ 19
SS 19
GS 19
sSs 19
SG 19
SG 19
GG L9
GG 19
GG-¢¢
GG-¢¢
66-¢¢
GG-¢¢
£€-9¢
s¢ 11

9¢ 19
9¢ 19
92 19
92 19
9¢ 19
9¢ 19
9¢ 19
9¢ 19
92 19
92 19
92 19
9¢ 19
92 19
9¢ 19
9¢ 1N
9¢ 11
9¢ 11

cr-00
01-00
01-00
31-00

ALIJVdVD

¥9578M02
Y95 QK0

vvC GW0D
YvsTEWO0D

ve ns
ve ns
Ve ns
ve ns
¥ens
vens
veTns
ve NS
Ve ns
Ve ns
ve NS
veTns
veTns
v¢Tns
Ve ns
Ve ns

197ve " ns
197vz™ns
197vz7ns
197v27ns
197ve ns
197 v2™ns
197ve"ns
197 vz ns
197ve™ns
19”vz™ns
197ve ns
197v2 " ns
197v2ns
197 ve ns
197 vz ns
197vz"ns
197 vz ns
197ve7ns

1y vz ns
1y ve™ns
1% v2™ns
le-ve™ns

37J1H3A

D-44



FIGURE D-6 (cont.)

o
.
~

NSO DOON O
s 0 o 0 @
WD M OO0 X DM~

BLECOY

Ly0*18
29¢ctze
616498
Ti2sctL
190499
L1049,
088404
£9GeLL
%6498
4L A R4
LASR SRS
2glege
£GT¢¢0T

VN0 ~FODOMOLC TN
.
T FFTITFPITIFrINDTSISL

S8¢

1867
G001
64981
982 1
921*1
62842
12§41
T LN
160471
16241
9561
6nTeT
g2zry

¥4IN3I3T0S™3

¥IN32T08™3
¥IN3ID 0S 3
¥iIN3IDT0S™ 3
dINIDT0S” 3
4iN32T0S” 3
41N 0S 3
d41N3DT0S” 3
¥iIN320S™ 3
¥4iN32T0S” 3
¥iINIDTO0S™3
¥IN3D_0S”3
¥IN3D_0S_3
¥41N327 083

v

Q3XIW
goo4d

WiV 4
WN370d13d
9NIQINg
aood

W3V 4

Wwyv 4
Q3XIwW
HWN3T70x13d
INIQTINgG
good
Q3XIwW

d0 H3INMO
40" ¥INMO
d0” ¥3INMO
Ald¥d DI
Al¥d DI
AIdd" DI
Aldd™ DI
dW3X3 21
334$731
3348”21
334s_21
33ds_31

N39OI

138314
138310
13s31Ia
13s31d
138314
738314
RERER ]
138310
138314
I3s31a
138314
138310
138314

s37en04a

v95_8W0I
v95_8HOD
V95 8W0D
V95 8NW0D
¥95_aW02d
V95~ 8W02
V9S_9HO0I
V95~ 8W0d
v95_aW0d
V95~ aK0d
v95_8W09d
¥95_8W0D
V95 8W0D

D-45

e > > o = o = - o - " " = = = = = = = - = = e .  — —  E e - Ee . TN A RN S A ST TR S S AaES RS S oSS Se .. .S s

Adl

Adu

9dW

13374

NOI93¥

¢gel
dIHSYINMO ONV SOILSIYILIVEVHI *L3374 37I0IH3A

ALIQONWKOD

¥3sn

3n4d

ALIJVdYD

3TIIH3A



FIGURE D-6 (cont.)

o o
o s
[ I

O W
.
3

W
.

Loed
o o
[

D €. D . O
DO

o oo
[y
ot

3

¢

OO oOc o
.
o taor

[

[N
.

vCchs
HCHe
LeL®
vg9s
cEg
olG*

Suge
96¢ ¢
S50bps

ITe6¢
Gles

A 204

Y RA
806¢
PYRA
58 U
6lLc*

9
9
L

5T

M~ o~

19

[SVEAVENQVIRN VN QY]

LD OO

L B B B i B ]

6*gl
6°c1
[ At
c* 4l
%l
LAS Rt

e
L]
~ o~

o o
.

0e2g
L*Js
G*aS
2°0¢
J*°36

N ITMIFsrrFCoo
e o w * e
[RIRTo NI a RIS TR To VO TN TR RN JE- i

oed e e OO

[AVAR SVIN o VAN SV o VI oV}

L09¢9g
Cvlegl
2194 vey
EH2%90L
4314 88h
gATeg9L42

co0usLe
SR AR ]
80g¢5¢

¢ulde

DRAS AR
2906 69¢
beléHh3g
gL1%988

Gyyse
GE2e9L
8CTdT
LLTS hE

[ AR RS
HL94 L9041
PRY-RAR¢
68886651
686419542
2164861
9LB8ECTIL

dl6%uG
cznsl
AL EA 1Y
Co®beg
509%¢9,
thbed LGS
LSS TG

YIN3DTON A
4IN3D ON ™ M
YINIDTONTA
YINIDTON M
dIN3JTON A
YINIZTONT A

YIN3ID“ON_ M
diN32TON_A
BLNIOTONTA

¥INIDON_A
diN3D2TONTA

4LIN32TONTA

YINIOTONT M
dIN3D ON A
dINZDTONTM
YIN3DTONTA
dIN3DTON A

4IN3IDTON A
¥INIDTONTM
dANIJDTONTA
4IN3I2TONTA
41N3DTON" A
4IN3D2TONT A
dIN3I2TONTHM
dLIN3ITONTA
HIN3ITONTA
MIN3DTONTA
YiN32TON" A

dIN3IDTON™ M
¥INZ2TONTA
YINIDTONTM
WINIDTON A
HINIDTON' A
dINIDI ON" M
dIN32TONTA

NOI93y

861
dIHSYINMAO UNV SOTLSIY3LIVHVHI

19447 NON
1944 NON
TYNOSY3d
TYNCSH3d
IYNOSY3d

Ty

19447 NON
1943 NON
v

19447 NON
11y

v

19947 NON
TYNOSY3d
TYNOSH3d
IYNOSH2d

v

1944 NON
19494 NON
193 47 NON
1994 NON
19447 NON
1944 NON
1944 NGN
IYNOSY3d
I¥YNOSY3a
TYNOSYH3g

v

19u4 NON
19494 NON
194947 NON
TYNOSY3d
TYNOSY¥13d
IYNOSH 34

v

ALIJOWWOD

A09T8S
A09 Q34
INIAQT
INIQINW
INIHOIH

A097 %S
ILVAIYd

SNgH 4

A097 %S
INIMON
INIQIwW

INIH9IH

A09 T3S
JLVAING

IXVL
A09718S
A09 Q34
3LVAI¥d

IXVL
ONIMON
INIQIHW
INIH9IH

JLIVAIYa
A09T18S
3LVAIYd
INIMOT
ONIGIwW
INIHOIH

$13374 37DIH3A

SV9
SV
SV9
SV9
SV9

SV9
SV9

138314

SvV9
SV9
Sv9
Sv9

q3s31Ia
13S31Ia
13S31a
SV9
SvV9
SV9
SV9
SV9
SVv9
Sv9

13s31Q
SV9
SV9
Sv9
SV9
SV9

1304

01~-00
01-0)
0T=-0C
Ct-00
61-00

1V
v

v

a1y
v
v
v

1y
v
v
17y
v
v
1v
a7y
1v
a7y

v
a7v
v
IV
17v
v

ALIJVdvd

1e”v2 ns
lv"v2™ns
1y vz ns
Ly~vzTns
1y ve ns
iy~ v2™ns

SN8_¥3HLO
SNA_¥3HLO
SN8~ ¥3H10

SNE_SNVil
Sne”SNvyL

sN8” o1

3T3A2
37042
37340
ERSF e}
370A0

¥v2 918
¥v2 918
4v¥2 918
yv 27918
¥vI 914
¥vd 91g
YvI 9lg
Yyvo 918
dv2 914
¥vd 918
¥v27914

YYD 1IVNS
ELRERRITES
YVI T 1VNWS
d¥I VNS
d¥3 T VIVWS
¥VI 1IVKWS
4V¥I T 1IVWS

3T13IH3A

D-46



FIGURE D-6 (cont.)

0
.
LIRSSV SVIE S B o3 S BRVIN ) IEAVE S ]

~
.
U3 D N et YN OV O Nt (N et Nt VSN U (Ve et e

@ o - = = = " - " = = - - . e e = e e e G, e G e S-S e S e MA S S S S S S —as s eas e aaasseases -

Adl

ggesct
gGhecT
w09z
aLcezt
(EneL
B SR
310¢32
990461
10042
6126g
818%6
22TI%LT

I28¢ 4y
GG9¢g81
£GGeCH
805
i9w%Le
220 %S
LTS

Lygs L

Zghesl
y92

IAA LR
26g4S

209%+41
4284 Ge
SoTsge
919¢12
DERAR B4
gehecT
L2554,

nZedy

3ehent
410481
GeEeegl
96¢4LT
sHeeel
648%01
z26Qere
2L9¢43

CHh9es

66911
92844
16646
Ghyé3
[ASARAY

Adi

—“ OGO ODCODOM
.
WO IVODOITMIT T

*

FTATMHMUMPFODT MOVEMMO NN F L 0O IDW
L]
OOV DINT DDOMNEC DT~ o~~~

G*¢ct
T°L1
I*L1
g8*91
g*cl

9dW

8LG* T
y29se
09641
SI19¢1
100401
SLHe T
€LysT
#1641
4 St
3L9%L
0Gl%e6E
ige*8el

61981
69941
68542
v164T
6L941T
Lagee
zusee
L0142
66541
91284
BYLSG
68642
94041
LTIR
zzist
v88¢ 1
168%¢
z8Lee
HLTST
80c429
IRALN
aheee
GTLST
c2ZHeg
6L0%2
£96%1
48Ty
8EG4E0L
2L9%cs8

€984 ve
hl6%¢
LGH*3
£9hey
GlLhs2eu*t

13374

WIN3IDTON A
4IN3IDTON M
4ANIDTONTM
MIN3IDOTON M
4INIITONM
HIN3DTON M
dIN3IDTONTM
Y1IN3IDTON M
4IN3DTON M
IN3IDION M
¥IN3ID ON M
¥IN3IOTON" A

¥INIDTONT M
4IN3IJITON A
4IN3IDTON A
diN3DTONTH
¥IN3DTON A
YIN3DTON M
dIN3IDTONTA
¥YINIDTONM
YIN3IJOTON A
JINIDTON M
YINIITONTM
¥IN3I2TON M
4INIITONTM
YINIDITON M
4INIJITON M
YIN3JTON A
YINIDTON M
MINIDTONTM
¥AINIDTON M
4IN3IDTON' M
YIN3IDTONTA
WIN3IJ ON A
JINIDITON M
41NIITON M
YINIJITON' M
dIN3IITON M
YIN3ID ON M
¥LN3IOON_M
YIN3ID ON A

dINIDTONM
YINIDTONTM
¥IN3OTON M
¥IN3IDTONM
YIN3IDTONTA

NOI93Y

2861

WYV 4
INIQINg
WYV d
9NIGINg
Wdvd
INIQINng
SNIGTING
WN370¥L3d
1S3¥03
WYV 3

a7y

1V

3YNLINYAS
WN3T0¥L3d
aoo4

9HH

Q3IXIK
Wav 3

1944 NON
WN270¥L3d
aNIalINg
Wav 4
WN3jo¥iad
goo 4
gNIgIng
000 4

WYY 4

Wdv 4

1944 NON
9NIGIINg
WVIIWIHID
WiV 4
194 4 NON
Wn3oylad
gNIgIINg
aoo 4

WYY 4

v

19447 NON
1Y

Y

v
IYNOSY3d
TYNOSY3d
TUYNQOSY3d

v

ALIQOWWOD

WYV 3
JLVAIYA
H4~ V201
J % s*n
WYV 4
H4~1¥201
23 SN
3LVYAIYd
JLVAIYd
Wuv 4
Y3AHLO

d0TH3NMO
Aldd D1
AlNd™ 21
3348701
H4 va07
H3~ 1v2301
3 3 Sén
33 SN
2% s*n
WYY 4
JLVATYd
JLYAIYd
Aldd 21
AlNdT21I
AI¥dTOI
H4 1vo0n
2 3 s¢n
33 S¢n
WYV 4
WYY 4
ILVATNd
3LVAIYG
JLVAIN
JlvAldd
JLVAIYd
W3IH10
AG9T13S
¥IHL0

43HLO
ININOA
INIGIW
INIHOIH
¥3HLO

43sn

dIHSYINMO JNV SIILSIYILOVYVHI 13374 37DIH3A

73S31I1a
13s314
SV9
Sv9
Sv9
RERER
138310
q3s31a
138314
SV9
Sv9

RERER
q3831a
13s31a
13s31a
138310
138310
RERER
138310
138310
138314
q3s31Ia
13S31I4
SvV9
SV9
SV9
Sv9
N ]
SV9
Sv9
SVY9
SVY9
SV9
SY9
SV9
Sv9
738310
13s831a
Sv3

138314
138314
13s31Ia
J3s31a

Sv9

q3N4

SG=-¢¢
S6-¢€¢
GG-¢¢
SG-¢¢
86-¢¢
£¢=92
£€-9¢2
£g€=-92
€€=-9¢
£¢=-92
g¢ 11

0T=-02
0T-00
61-00
e1-00
01-00

ALIJVdVYD

yg ns
ve ns
ve ns
ve™ns
ve Nns
ve ns
Ve ns
vE NS
ve ns
ve NS
vE NS
vens

19-vz2™ns
197vyz ns
197vz™ns
197vez™ns
19-v2™ns
197 ve ns
19”v2™ns
19-vz™ns
197vez Nns
197ve"ns
19" vz ns
197v2 ns
197ve™ns
197v2™ns
197 vz7ns
197 vz™ns
197ve™ns
197v2™ns
197v2 ns
197vZz™ NS
197vz™ns
197vz ns
19”vz7ns
197 vz ns
197 vz™ns
197 vz ns
197yz™ns
197vz™ns
197ve™ns

1p-v2"ns
1y-vz™ns
e~ ve™ns
1e_ve™ns
Ly vz ns

371JIH3A

D-47




g
1

e}
.
G o

1

W ih~Mr~ oo o v o r~ao

WM~ I~ 0 Va0 ) N,
.

FIGURE D-6 (cont.)

— - O
. .
AEAVER AU G A4

Tt~ v ¢
.
[

.
- uh

M~ - = O
.
L

[T -t
.
—

LEEeTIL

Tv9oécy
€9c*2Z6
CLYAR T
GOL4GG
Th8489
962%GL
JB6%ES
G2E4l9
19¢¢5y
91néyg
cl9*1sy
Bhot.8
994 42L
2eud L
cHEe 1L
Jol*le
L&T LY
S¢T*¢0T
ovhsce
Lev ST
LeT412
ugtles9

Getre
Loh*
IL8*
olt®
VAL
SludTl
LsT el

LI 4
— -

89Hs .2
veTete
genel

Clztuy
JAST AN At
s39%h1

L*Yy

»

L= g o}
. .
T T I T LTIIITITHIIITITITESITTNNNITITT

[=2te]
.

<o
.

[t ol o« o< SRRV e BNV R « s R AN o V0 B B RN O BN VR I ¢
.

. .
WD

LB o GV SR P S o |
.
[FRERN GRS St e)

£GG¢ Y

189¢1
20941
6964 ¢
GHIeT
86841
c61e1l
AR RA
Selty
8181
TCb*2
glnty
FLELES
IThoel
[RARILI
16341
nglLel
CLEYAA!
EYRAXS
0€otl
6vGe 1
LGT* T
G6¢* 8

LiLC*T
hluéw
duusil
TI9L%C
hILs
sl 181

LA

-

o0l
1956
LY AVE B
Ghoel
DA
w9l%e

JIHSU3NAY NV

YIN3ID ON A

4IN3DTONT M
YIN3DTONT M
4IN32TON" A
JIN3DTON M
sIN3IJITON M
YINJDTON M
JIN3IDTON A
YIN3IJTON M
YLNIDITON M
JIN3IDTON A
51N32TONT M
4IN3IDTON' A
YINIDTON M
JIN32TONT
4IN30TONT M
HINIDTON M
YINI2TONT A
HIN32TON M
YIN3DTONT A
dINID2TONT A
4IN3I2TONT A
4IN3ID ON A

JIN32 ON M
YINIJITONTA
HIN3ID ON' M
MIN3IDTON M
JIN3Z2 0N M
¥IN2D ON M
YAIN3ITGN A

YIN3D ON M
dINIDONT A
HINID ON A
MINI2TCNTA
dINIDTON M
JIN3I ON A

NO193d

[A Kot
S31LSTYILDVYVHD

v

Q3IXIw
Q0o 4

WYV 4
AY3NIHOVW
WN310u4l3d
IVIIW3IHD
9NI31INg
Q004
153404
WYY 4

Wav 4
Q3XIW
WN30¥13d
TYIIW3IHD
anNIgIINg
Qoo 4

WYY 4
QIXIW
QIXIw
L9%¥ 4 NON
WYY 4

1V

Way 4
19a4 NON
G3XIwW
1984 NOM
Q3% 1w
AY3INIHOVHW
T

gN1QINg
INIGTINY
WYY 3
Wav 4
9NIQTINY
19484 NON

ALTUOWWOD

$1 3374

d0 ¥3INMO
40 43INMO
d0~ ¥3INMO
Alyd DI
Al¥d D1
Aldd D1
AIdd DT
Al¥d DI
Al¥d D1
AlNd D1
dW3X3 D1
234$7 01
23dS7 01
233S 31
23d4S 0!
2348701
234S7 01
N397 01
H4~Iv201
A09713S
WYV 4

Aldd 2T
ACO9T18S
H4 w207
A09718S
H4 voon
28 54N

H4 1vdoel
2% s*n

Wuv 4
H4~ vdo
2% N
A09 145

ERRY. By

13s310
13Ss21a
13S310
13s31a
12S31Ia
13s31IC
138310
13s31a
13s31Ia
138310
138314
13s31Ia
RERER
13s310
13s31Ia
138310
138310
13s31a
13S31a
13s31a
138310

13s31a
138310
RERERLE
138310

SV9
13s31a

13s310
13S310

Sv9
133314
13s310
135310

REILE!

SS 19
GG 19
SS 19
SS 19
66 19
55 19
86 19
SS 19
SS 19
S6 19
66 19
6s 19
SS 19
SS 19
GG 19
SS 19
SS 19
66 19
GG 19
§S 19
66 19

GS 19
GG 19
SG-¢¢
GG-£¢
SS-¢¢
£e 10

G5 19
66 19
SSs 19
6G-¢¢
GG6-¢¢
FERRY

ALIDVAYVD

s374nod

¥9S 8WO0D
V95 GW0d
V9GS GW0D
V9GS gW0)
V9GS g9W0D
v9S 9WO0D
V95 8W0D
Y95 GWO0D
¥95 8WOD
Y9GS 8W0D
VY95 8WO0D
v9S 8W0D
Y9GS 80D
v9G 8W02D
v9S 9W0)D
Y9GS 8WOD
V95 8W0D
Y95 gHOD
VY95 8W0D
¥9S 8W0D
¥9S 8W02
V9GS 8WOD

VYog 840D
YHS 8HWO0D
VS 8HOD
V¢S 8WOD
Vo< AW0D
Ve OWOD
VS 8W0D

veons
v Nns
Ve NS
vens
Ve Nns
ve ns

3T01IH3A

D-48



g
ge

[T S R 0 ]

0
ne

5

Y e

M
.

oo
o 0
[ o R O §

<
.

O oo
* o & o
O oy Uiy

L]
R )

R I o T Wt

FIGURE D-6 (cont.)

«<

DO
LY
O o

L
ol

.

oOwooOoo
.
L o

9ZHe9
LXA A"
0LLs8
188¢CT
[AYARN!
889¢11

968 %L
96c¢L
G0beL

Glatce
0I6%6¢

cHisio

all*2
gl6¢2
6lc%2
c10%2
YN ARA

A 22N}
ceBesl
CRALEA )
£99¢)1
£99¢:1
IR TAR !
229404
gcTL

Ggl%6

L9csa1
892%

NG3%31
£994641
2gG*s%
6GT¢L
21T1%s
2€G%e
69848

AdiL

AdHW

6°¢1
6°¢1
I*41
T°v1
BeCT
9°¢1

g*cs
0*ss
0°06
3ed¢
6°0¢%

8*%¢
8°4¢
v e
h*S1
LA RS
LAl
LARR
cegY
#*G1
#eG61
G*G1

- - - -~ = = = . " - = - - > W = = = = e e B R T = T N e e S - - -

9dW

681%4cl
L10¢ce
S9¢e12L
LIZARA R AR
L6218
GZ9¢8al*Y

[ AR ]
IhoéLe
1214389

LI

SE9¢5 1T
Ggeee9e
£96%19¢
LE2%C 49

1S YANS
6TT¢T0T
60641
886¢L01
i86%9
WLTSTHhA T
helélc
Lhl4893%C
926%2el e
h29%629¢2
clh*eBhta

9GG4oL
Lahty
2084 HGh
HOSs 0L
GGBe 2T Y
GGb426L
1284 GG3¢¢

13374

4INIDTCS R
$iN3IDTOS A
¥YiIN3IDTOSTA
¥iN3DT0S A
41N3DTOS A
4iN3I2T0SA

¥IN3ID“OS_ M
YIN3IDTOS™H
¥IN32T0STM

¥IN3D“O0S”M
4iN3IOTOSTA

YIN3IOTOS A

¥iN3IDTOSTM
4IN3I2TOS ™M
¥iNIDT0OS M
YINIDTOS M
41N3270STA

41N3DT0S ™ A
HINIDTOS ™M
4IN3I3 0SS M
¥IN3IDTOS™ M
41N3I370S M
YIN3IJITOS™M
4IN3D DS M
4IN3IDTOS M
4LN3IDTOS™ A
4iIN22TOS M
4IN3ID2TOS N

4iN3DTOSTA
41N3IOTOS M
¥1N3IDTOS™ M
4IN3DTOS A
4INIDTOS M
YLNIDZTOS ™M
¥IN3JTOS™ A

NOIO3Y

¢gel

1934 NON
L9447 NON
TYNOSYId
TYNOSHId
JYNOSYId

1Y

19¥4”NON
1944 NON
1Y

19494 NON
1Y

1y

19947 NON
TVYNOSH3d
IYNOSHId
TYNOSYHAd

v

1944 NON
19394 NON
1944 NON
19947 NON
1943 NON
1944 NON
199 47NON
IYNOSHId
TUYNOSH3d
IYNOSYHIL

1Y

194 4T NON
1944 NON
194 4 NON
JYNOSHId
TYNOSY3d
IYNOS¥3d

1Y

ALICOWWOD

A09” 138
A09 Q34
INIAGT
ONIQINW
INIHSIH

A09 13S
J1vAldd

SNEH A4

A09713S
INIMON
INIQIW
ONIHOIH

A09713S
31VAIYdd

IXV4
A0S 13S
A097a34
31vAI¥d

IXV1
INIROT
INIGIn
INIHOIH

JIVAIYd
A097138S
JLYAT Y
INIMOT
INIQIn
ONIH9IH

¥3sn

dIHSHYINMAO ONV SOILSIYILIVYVHI 413373 3TITHIA

SVv9
Sv9
SV9
SY9
SV9

SV9
Sv9

138314

Sv9
SY9
SVY9
SV9

13s11q
13s31a
13s11q
Sv9
sv9
Sv9
sV9
Sv9
SVv9
sv9

138314
SV9
SV9
sSvV9
SV9
SV9

RENE]

g1-09
01-00
01-00
0T~00
0T-00

1V
v

v

1y
1y
1Y
v

1
1y
1y
1V
1y
1y
1y
1y
v
1y

v
1
1y
Iy
v
1y

ALIJvdYd

1%~ ve™ns
1o vz ns
L1y_vz2_ns
1y v2 ns
e v2™ns
Lty vzns

SNE_¥3HIO
SN8_Y¥3IHLO
sng” ¥3H10

SNg_SNVYL
SNG SNVuL

sng” 21

371040
371342
37042
37042
ER BNl

dvd 918
4v2" 918
dvi3 918
¥yd 91sg
4vd 918
yvY2 918
dvI 9I8
dvd 9149
yvo 91le
yvo 91g
¥v2 914

¥V TIVWS
¥Y2 T 1VWS
¥Y2 T 1IVHS
4Y3 T 1YMHS
dVIT VIVKS
¥Y2T1IVKHS
3vI~T TIVHS

IT0IH3A

D-49



—t O M

.

(SIS
.
LR L)

>~
o
-

ag}
.
Cu = S v ed — T2

ce
ge
G*

ge
ge
Ge
ce
G*
I
[t
L®
G*
g
P
g
(a4
ce
34

FIGURE D-6 (cont.)

(= e A e el s VI e I e e B e B N B B

8o
0°
0°
0°

(]

.

Adl

LT
S5¢9¢ 44

Llot*sl
319412
[PREAEN!
LG9h%al

319421
cecele
Sv9ts5¢
88h¢6r
CIN AN
VLR B
62¢*h1
L2 AR
I9%4:51T
cp9tg

TLECT
Lyls>e

LLS%CYy
59¢s°2
33%52
TTa%C¢
Igesue
361421
LB8L*SE
22lséng
cecheae
L0281
coLset
UgGey

goLeGl
cg68Cce
2egeie
glzece
Z60%ce
agLecT
cTusnl

586461
c2gdLl
celece
PV RN
8904u1

Adn

.
'el

[
FalaTe N e)

. s e & 0
[TeRRNIRTORE ST RNTRRE- SN OBE- SV IR SIS

MG VE AT O DO~MNOAD OCNANM—~IFINC VOO D
® & ® o ¢ 8 8 5 0 o & o B & P e e e & & o @ .
[l - < - Ve BV RTORES R ST o BN o TN BT o o VIV p I« S

S*L1
S*L1
S*L1
1°L1
s*cl

9dn

ghl¢1
C8L4501

veGeCl
SEhel
£e6e
L6E* GG

[gce
ivU*l
TLIST
1341
GhG%p
L2l s
Teds
6NG*G
LhTsT
LH1%G
vl6%L¢
L42%901

CELLI
IS8T
6102
S9Te T
11549
8oLe¢g
€Gee e
9Lbe T
$9046 1
86681
6TCHT
99hs¢
€Gee T
LBIs T
608%¢
bYbs ¢
YA LYS
6468106
86Z%2LS

2L9¢23
CBHe91
vyL*9¢
£IG¢yu1
IR TARS

13374

YIN3IO_0S_AM
d1N3IDTOSTA

¥IN3DTOS™M
¥iIN3I2 0S A
YIN32 0SS M
4IN32 0S M

¥lIN3270S™ A
diN327 05 A
dJIN3IDTO0S™ A
MIN3ID 0S™ A
dANIDTOSTM
AIN3IDT0S A
YIN3ID 0S™ M
YIN3D 0SS A
4IN3IDTO0S™A
WINIDTOST A
d4iN3d oS M
dlN3I2T0S™ A

4IN3ID CS A
diN3IDTCSTm
JIN3IDTOSTA
4IN3270S™ A
4IN327 0SS A
4INIDTOS ™A
dIN32T0S™A
dIN3DT0S M
¥IN32TO0S™ A
4iIN3DT0S™ M
dIN3D 0S™ A
dIN3D0S M
¥IN3IDTO0S M
dJLN3DT0S™ A
dIN3D 0SS M
41N3IDTO0ST A
YINIOTOS A
d1IN3D 0SS A
dIN3270S™ A

4IN3ID 0SS ™A
4IN3ID 0SS M
4IN3DTOS A
41N3270S™ A
d4iIN3IDT0STA

NOI93Y

¢Bel
JIHSY3NAD UNV SOILSTU3LDVHVHD

WYV 4
v

194 J7NON
QIXTW
1944 NON
v

INI1QIINs
1944 NON
INIQ1INg
L9847 NON
9NIQ1INg
1944 NON
1984 NON
9NIQINgG

Wiv 4
9NIGJIINg

v

I

Qoo 3
W3IHLO
WN310Y¥13d
AVIIW3HD
9NIQ1INg
1943 NON
WN370¥134
0004

WHY 4

1944 NON
9NI1Q1INg
WYV 4
43HLO
9NIGIINg
aoo 4

1TV

1944 NON
v

v

17V
IVNOSH3d
AVNQOS¥3d
AYNOSY3d
v

ALIQOWWOD

WYV 4

A09T18sS
H4 1v207
A09713S

31VAIYd
31VAIYd
Wy Y4
2% Sn
43H10

Al¥d 21
H4 V207
H3i~ V201

28 S¢n

2 3 s*n

JLYAINd

J1VAIYd

Al¥d D1

Al¥d D1

2 % S*n

J 3 Sen

WYV 3
31VAIyd
3LVAIYd

ILVAT ¥d

Y3H10

A097138S

43HLO0

¥Y3H1O
INIAOT
ONIGQINW
INTHOIH
43HLO

43sn

$13374 37121HI3A

13s31Q

13s31ia
138310
13s310

13S31a
T13S316
713s31Q
13s31Ia
13s31a
q3s31Ia
738314
13S831a

Sv9
13S31IQ

SV9

138310
7138310
138310
138314
13S310
135314
q13S310
SV9
SvV9
Sv9
SV9
SvV9
Sva
SY9
Sv9
13s31a
13s314
Sv9

13s31a
13s310
138310
138310

SV

304

S5 11

GG 19
SG-¢¢
66-¢¢

6S 19
SG-¢¢
GG-¢¢
G6-¢¢
6G-¢¢
GG-¢¢
6S-¢¢
GG-f¢
GG-¢¢
gg=-9¢
9¢ 11

92 19
9¢ 19
92 19
92 19
9¢ 19
9¢ 19
92 19
9¢ 19
9Z 19
9¢ 19
9¢ 19
S¢ 19
9 19
92 19
g¢ 19
ge 11
92 11
9¢ 11

91-0C
0T1-00
01-00
ci-00
01-00

ALIJVdYD

v95_8M02
V95 GWo0d

vog GWOD
V&S GWO0D
VoS 9W0D
VoS 9WO0D

ve ns
ve ns
v ns
ve ns
veTns
ve ns
vens
vens
ve ns
T ns
veons
veTns

197ve7ns
197 ve2 ns
19”ve_ns
197vz ns
19" v2 ns
19”ve ns
197vz™ns
197v2"ns
197ve"ns
197vez™ns
19”ve"ns
197 vz ns
197vz™ns
19”ve_ns
197 vz ns
197ve"ns
197vz™ns
197v27ns
197v2 ' ns

1y ve™ns
1w vz ns
1y vz ns
1y vz™ns
e vz ns

JIIJIH3A

D-50




[SYR T
¢ s »
W~

FIGURE D-6 (cont.)

D eHOOMMTODU N ODSMMK M MWDo N~D
L]
O~ YO~ OSSN T OO~

.
~

@ - - . - - S e - R S T R e T R M R S

AdL

cég*ss
TI¢e 211
Ly9¢4 L

2254?28
1£8¢99
6Iv438
6G6*H6
LTT468
LIvAR
22gelLL
Gi9¢29
500%.LG
4884SL
19¢¢9¢y
$8G* 35
Ipceng
22G46¢
626408
6H88GL
91L%.9
»21*18
L1406
128428
6tll¢eel
206482
T2L%yS
Leheel
L6B0¢

AdHW

o » & o o 5 0 s b » &

* 5 & o s o

O AN OMNC - OMIDNONS OO DO0O0FN~D
L[]
PITNTIFIIFIITINITLTLTIIITIIONST SIS ST

9di

9geet
51241
JeLss

FA L
1g24c
gL3%1
1TA AR
»804 1
4G4 T
9G4 1
ay0*e
gGlLde
18L%Y
LZAANS
cIwée
LG9%¢C
y62tl
9r51
Lglee
LITST
6TG*C
£89¢1
cohel
Theeg
B8Gg*c
LINAR
ST0¢St
L6941

13373

JdIHSY3INMO OGNV SIILSI

¥IN3D“0S™ A
¥iN3DTosTA
¥iN3dT0S A

4iN3DT0S M
4INIDTOS™M
¥IN3IDTOS™ M
4IN3J oS M
¥IN3JITOS ™M
4INIDTOS™ A
¥iN3IJTOS A
4iN3JT 0S8 A
¥IN3IJTOS ™M
¥4iNIDTOS M
41N33T0S™M
¥iIN32 0S™ A
4IN3ID OS M
¥iN32TOoS M
YINIJTOS M
¥iINIJTOS M
¥IN3I2TOS™ A
4INIDTOS M
¥iIN3IDTOS™ A
¥iNIDTOS M
YIN3IZTOS ™M
¥yiN32TOS™ M
4IN3IDTOS ™M
¥ilN32 oS M
HIN3DTOS™H

NOI93Y

2gel
¥3LJvdVHI ¢13374 3TJ1H3IA

W3V d
J3XIMW
v

Q3IXIW
9NIgIINg
aco4

W3V

1944 NON
AYINIHOVW
Wn3iloylid
IYIIWIHD
aNIgiIng
aoo 4
153404
WHY o

WyY 4

1944 NON
Q3X 1w
WN310d13d
IWIIWIHD
aNIglIng
0004

Wyv 4
Q3IX1Iw
g3IxXIw
aNIgIng
1944 NON
WiV 3

ALIQOWWOD

2348701
N397J1

40 4aANMO
40 43NMO
dO0T YINMO
d0T43NMO
ATHdT DI
AT¥d 21
AlddTOI
AI¥dT 01
AI¥dTO1
Al¥d 21
Aldd 01
AINd 01
dH3IX3 01
3348721
33ds7 31
33dS 01
23ds° 21
23dsTo1
33d4s7 21
33d4$7 01
N39 D1
H4~1v201
2% SN
A09713S
WiviJ

¥3sn

13s31a
13S31d

13s31Ia
13310
13s31a
13s31a
138310
REREMY
J3s31a
138314
138310
13s31a
RENERCC
RENERC
138314
138310
138314
13S31d
13s314
73s31d
38314
13S831¢
13s31I¢
q3s31a
13s31a
138310
13s31a

RENFE]

es 19
§g 19
gg 19
68 19
¢S 19
GG 19
g6 19
GG 19
65 19
GG 19
SG 19
GG 19
sc 19
66 19
gs 19
as 19
g6 19
GG L9
Se 19
GG 19
GG 19
GG 19
6g 19
g8 19
S8 19
g8 19
GS 19
ALIJVdVD

$37gnoa
s3lanod
s378noa

v95 W02
V9S_8H0D
¥9G 9W02
vSS™ aW0d
V95 9W0D
v9S 8W0D
V95 8WO0D
V95 8HO0D
V95 aW0D
¥v9S AW02
VY95 8W0D
V9S_8W0D
¥95 8HOD
VY95 9KW0D
v95 aW0d
v9S 9W02
¥9S 8KHO0D
V9SG 8WO0D
v9S W02
v9S dW0d
v9S5 AW0D
V95 g9H0 D
v95 8HO0D
Y95 AN0I
V95 GW02D

3TJIH3A

D-51



be.
LA
QQ
g°
g
a3
Te

v,

(=2 S N N A

3°*0
g
0°a

[t}
PR

DO W
.
L O

FIGURE D-6 (cont.)

(o= o T o= I & IV Vs Y o |
.
C © O C 0w

€T T
72v*9
§2ve9
L539¢%L
$1Gep
L XAAN ¢
T88%6

96C4 L
96¢4L
TTyey

Cle*se
vletge

cvle19

olc*
064
6LC
cIGe
6lLZ*

LaVIN oV oVN a Vi oV}

A T AN
£084CT
€99¢(1
£994¢31
L424CT
cC94C
(XA R

S804%a

LyZei1
S9c¢%s

CGoe1
£€994nT7
Cc€G%s
oSl4,
LA R S
2E€G*y
698%y

6°6

0°us
0°0¢
G°0¢S
0°GsS

LS

g%z
8%he
LARCR¢
v°St
®°G1
#°G1
£°G61l
LA
LAd-N
S*G1

gese
8L
y*oe
0°ce
v*2¢
geod
L*3c

hlibve oGS
oBL Wb
19142¢
8614G2S
(GbeeSy
916%68S
8B6¢ L4942

8BLOTT
A% AR
Lv0%81

18¢¢2
18¢¢¢

8lo

cges1

EYRART
689%9¢¢
h6G¢Ge2
¥8G%6 45

(X2 A4
109%¢g
006%6¢
h8léy
Co9%0GL
g€02¢11
2964¢cENtT
BIL8299¢]
G268¢6E4T
C90%.L10%¢

TL1%20
29941
bg0s THe
L60%9L¢
106%9¢6
690452%
162¢c1941

NIVINNOW
NIVINNOW
NIVINAOW
NIVINAOW
NIVINNOW
NIVINNOMW
NIVLANAOW

NIVLINNOW
NIVINOOW
NIVINNCHW

NIVINNOW
NIVINAOW

NIVINNOW

NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW

NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVLINNOW
NIVLINNOW
NIVINNOW
NIVINNOW
NIVLINNOW

NEVINNOW
NIVINNOHW
NIVINNOW
NIVINMOW
NIVINNOW
NIVINNOW
NIVINNOW

TV
19Y¥4 NON
19¥ 47 NON
TYNOSHIg
TYNOSH3d
ITYNOSY3d

v

19447 NON
1931 NON
v

19534 NON
v

v

L9¥ 4" NON
IYNOSYHId
ITYNOSY3d
TYNOSYH3Id

v

1943 NON
1994 NON
1943 NON
19Y¥ 37 NON
1944 NON
19447 NON
AYNOSY¥3a
TYNOSHId
IVNOSYld

Rk

L9447 NON
1944 NON
19Y47NON
TYNOSY3d
TYNOSY¥3d
TYNOSYH3d

ARY

Y3IHLO
A09T13S
A09 Q34

INIMOY
INIQIW
INIHOIH

A09718S
3LVAIYd

SN8HA

A097T8S
INIMOT
INIQIW

INIHOIH

A09 18S
ALVAI Y
A097 135S
A09 Q34
3LVALYG
IXvyi
INIMOT
INIQIW
INIHOIH

31VAIYd
A09T13S
JLVAING
INIMO
ONIGIW
INIHOIH

SV9
SV9
Sv9
Sv9
SV9
SvV9

SV9
SV9

138314

SV9
Sv9
SvV9
SvV9

738310
13s31a
SV9
SV
SY9
SV9
SvV9
Sv9
SVv9

13S310
Sv9
SV9
SvV9
Sv9
Sv9

0t-00
01-00
Gt-00
c1-00
01-00
01-00

q1v
v

qv
a7y
v
v

v
17V
v
v
1y
a7y
1y
v
v

v
17y
1y
v
1V
1V

v vZ™ns
ly vz™ns
1 v27ns
1% v2™ns
1y vz ns
Ly vz ns
1v7ve ns

SN8”H3HLO
SN8”Y¥3HiO0
SN8TY3IHLO

SNA_SNY 3yl
SNET SNV YL

sng” 21

ER kP
371042
371342
37042
ERBY

¥v3 918
¥v2 918
¥vd 91g
4v27918
d¥I 919
4V 91d
dvai 919
4v2 918
¥va3 918
yvd 914

¥YI T VIVHS
¥¥I 1IVKWS
¥VYI T 1IVKWS
4VYI T 1IVHS
4¥2T1IYNS
¥VI IIVKHS
¥YI T 1IVYNWS

D-52

Adl

AdnW

OdKW

13374

NOI93Y

cgel

ALIGOWWOD

d43sN

dIHSHINAO ONV SJIILSTa3L1dVHVHI ¢13374 31DIH3A

13n4

ALIJDVdVD

3131IH3A



T2
»
M oM

8"

A
[
g®
ge
ge
ge
2

He
He
ne
1°*
P
g
1
ce
.HQ

~
.
M) Ut OGO MY et (e O O DD

oo™
s 8 2 s 0

FIGURE D-6 (cont.)

Adl

001419

L6H4ET
6letel
60€%u ¢

699451
SH8¢3
9Lysic
Shee1e
G8T1¢al
1cTe 41
009441
009441
X TAR]
698841
Zeb*9
66¢%6
cheszt
gLG4 391
626467
LIRANN!
18L%¢
816Gy
GGO*LT

LGY42Y
380¢G
889421
£98¢9
cL9%381
Le24ct
968¢ 4¢
€15¢81
S0L4L
90L4*9
gLysLY
Ly14g1
cegece
0LG431
LEL*TT

6864G¢
191411
LAT R R !
$06441

AdW

L*Y

S

- M
e & o
[T g'e)

[
® o v & o o
N

DV OVN I FHOTON~TT

oI CH~OMOONN NN

1*61
081
081
9*L1

9dH

0ece89

H2149
32641
589¢ L2

3G#*9
TLT¢Y
06141
681¢1
§LGST
18G¢ Yy
2L9ss
£cez
g6zt
eeLeT
gLEST
39041
2ecese
SLL*T
L6241
#9141
9¢hs 1
8eLeHl
SHh1écs

GI8e1
69342

RE2: A0

6904¢
$9G42
GhGeT
9ho T
9¢Ge 1
30¢g%2
09146
J0182
GEEL9
J1e%e
LG0%¢62
L20%4G¢E

€9cectl
cLIe" 1
2e6%91
LeysTl

13374

NIVINNOW

NIVINNONW
NIVINNONW
NIVINOOW

NIVINOOW
NIVINNOW
NIVLINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNCH
NIVINNOW
NIVINOAOW
NIVINNOW
NIVLINNOW
NIVINNOW
NIVLINONOW
NIVLINNCK
NIVINNOW
NIVINNOKW

NIVINNOW
NIVINNOW
NIVLINANOK
NIVINNONW
NIVINNOKW
NIVLINNOKW
NIVINNOW
NIVINAOW
NIVINNOW
NIVINNOW
NIVINNONW
NLVLINNOHW
NIVINNOW
NIVINNOW
NIVINNOW

NIVLINNOW
NIVINNOW
NIVINNOW
NIVINNONW

NOI93Y

c861

1y

19447 NON
19447 NON
1V

gNIalIng
WYV 4
9NIGIINg
9NIQ1INng
19484 NON
gNIGIINg
19494 NON
1944 NON
Wav 4
9NIgIINg
WYV o

19494 NON
9NIgINg
Wyv 4
¥IHLO
WN3104¥113d
WYY 4

1V

v

goo 4
1944 NON
aNIQlINnNg
Wuv 4
WN310¥L3d
Q004
000 3
WyV 4
gNIQTINg
WaY 3
Q00 4

IV

1943 NON
1V

1Y

1V
TYNOSY¥3d
IYNOSY3d
IYNOSY¥3d

ALIQOWKWOD

A09_13S
A097138S

3 3 5¢n
HYV 3
ILVATYL
H4 1v207
2 3 S*n
23 S*n
A09” 13S
A097 Q34
WYV S
J1VAIYd
WYV
H47v201
23 SN
WYV 4
3iVAIYg
JLVAIYEd
WYV 4
¥43IHLO0

AI¥d I
2 % S*n
33 §$¢n

WYY
JLVAIYNd
J1VAINd
Aldd 21
AL¥d 01
23 S*n

WYY 4
J1VATI Yd

43IH10
A0S 13S

¥3HLO

Y3HLO
ININOT
INIQINW

INIHIIH

¥3sn

JIHSHINMO ONV SOTLSIYILIVHVHI ¢13374 3TIIH3A

13s31Ia
13s31Ia

13s31Ia
13s31a
13s3IA
38314
13s31a
138310
q3s31Ia
13s31a
13S31I4
RERXR Y

SvV9
3s314
138314
138314
13s31Ia
q3s31a

SvV9

SV9

138314
138314
138314
738314
138314
738310
SY9
SV9
Sv9
SV9
Sv9
13s31a
138310
SV9

J3s31IC
138310
13s31a
38310

304

86 19
§6-¢¢

S6 19
66 19
GG 19
gG-¢¢
SG-£¢
ce-¢¢
GG-¢¢
GG-¢¢
SG-€¢
8G-¢¢
6G-¢¢
£g~-9¢
£€-9¢
£g-9¢
£g=-92
£¢=-92
£€-9¢
g¢ 11

01-00
¢1-00
0T-00
0T-00

ALIJVdVYD

v9G aW0D

VoS GWO0D
vog aWod
VeE 8WOD

v$ NS
vy¢ NS
v¥e ns
ve Nns
ve ns
veg ns
vE NS
vens
ve ns
vens
vens
v¥e NS
veTns
ve ns
ve™ns
ve'ns
¥eTns
ve ns
veTns

197v2™ns
197vz™ ns
197ve™ns
19”ve_ns
197v2 ns
197v2z"ns
197 ve ns
197ve2 " ns
197v2™ns
197veTns
197vz™ns
19-ve"ns
197vz™ns
197ve™ns
197v2™ns

L1y_vz_ns
1y_vz_ns
1e_v2_ns
1evZz'ns

- - - - - - W @ = - - -

37JIH3A

D-53



o
.
o

FIGURE D-6 (cont.)

O MMM Q0NN N
.
[~ S - U S RN TI o S R el N I G- ol e SRRV Nl o

L82%L9

chhecg
HHhee26
G6G* 16
lvgsul
£91¢ug
€03¢0 .,
r0ce¢19
u1g469
LE6%98
69L%49
S08%hL
6L1%%6
LeG*G L
2CT4g01
JE94C
Low*¢CT

.
TIT IIFIIITITFILTITINTIIS S

TTL45S

L8b¢1
hEgeT
86245
slgel
v6Be T
1614t
9Gee 2
Tyge's
29841
CGLs T
819¢1
Tghe1
6L0%1
blyéy
LIEsT
1¢¢¢L

13374

NIVINNOW

NIVLINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVLINNCH
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNOW
NIVINNGOW
NIVINNOW
NIVINNOW
NIVINAOW

NOIO3u

cgo6l

1Iv

Q3XIwW
0004

WdV 3
WN310¥134d
9NIQIINsg
000 4

WYV 4

WoY 4
A3X1IW
WN370813d
9NIQIINy
0003

WYV 4
Q3X1W
INIGTING
19% 4 NON

ALIQOWKOD

d0T 43INMO
40T HINAG
d0” 4 3INMO
Aldd D1
Aldd 21
AlddTII
Al¥d 21
dW3X3 0T
234S7 01
23dS7 01
23ds$7 o1
23dS$7 01
23ds7 01

N397 D1
2 % S*n
A09T18S

dIHSE3NAO UNV SOILSIHILIVEVHI *13374 31DIHIA

13s310
138310
13s31a
138310
138310
13S310
135310
135310
13s31a
13s310
138310
13s31Q
13s31a
138310
13s310
13S314

RENE!

ALIJVdY)

$374n0a

V9GS 9N0)D
V9SS GW0D
V95 8W0D
v¥9ST8W02
¥957aW02
V95 8W02
V95 8W0J
Y95 9W02
v9S 8WO0D
V95 aW0d
¥9678W09
V967 g0
v95 GW02
LET: TR
Y95 9W0)
V95 8W0D

3T0IH3A

D-54



[
ce

L D

0*
A
R

.

o o

L)

Q.
0

n..‘
0

i
ne
s
ne
AR

[ )

e b= g9l

o*
oe
2
ne
1R
Je
[
Qe
R

[>T

(3SR WY ]

FIGURE D-6 (cont.)

3

0

©

OO OOCO
® ¢ o 0o 0 s o
[ I = S QT - U - O

L]
<o

356441
SGE¢1IT
L4801

9651
EEY A
96¢%L
8IheL

JT16%8¢
iTetse

chisio
A 28 4]

61242
806%2C
6L2%e
£€l13¢c
6lL2%2

chet1t
¢08401
928¢Ch
£€99¢61 ¢
€991
LH2%GT
2294
22T8L

G8C%s

Ly2én1
932¢5

560401
€99¢%01
28646
22940y
6614,
$11%6
2gS%s
698¢8

5*38
gegc
3°Cs
3*3g

8°3S

g°ce
g*0c¢
802
L Ad R
d°ue
v*22
8*9¢
L*d¢

DR AR A AL At
LTIG*L90%T
GZG42184h

czzezz
96149
Isleg
596%¢E

£L9%9
aL349

Ihee2
Thcée

8861
Lyl*681
L80%6hYy
LI6*S9hy
6l8%G6041

LI VAS:]
600854H1
68C0¢c
pegecet
Lzstet
9¢84i95¢1
29csal
99ns LG8
CGBeLECy
18640H98¢
BL04CTT%CT

€GT4CTT
2604S
61L%629
6l2sT
38¢€4286
d0yecovet
beetled*t
d26%0clty

3I141I2vd
2I41I0vd
JI410vd

J14I3vd

JI410vd

JI1410vd
J21d1Jvd

JI1410vd
J1410vd

JI410vd
JI1413vd

3I41Jvd
JI4Idvd
JI1413vd
JI14d10vd
JI41I3vd

31410vd
JI4Idvd
J141IJvd
J214IJvd
J141I0vd
J1410vd
J141Jvd
JI141Jvd
J31412vd
J1410vd
JI41Jvd

J1412vd
J1410vd
J1412vd
JI141IJvd
JI41I2vd
JI141I0vd
J1410vd
Ji4I0vd

AYNOSH3d
TYNOSY3d
1y

1944 NON
L9847 NON
19847 NON

v

19437 NON
1Y

1944 NON
1Y

1944 NON
IYNOSHId
IvYNOSH3d
TYNOSHId

Ty

19447 NON
194 47NON
1944 NON
1943 NON
1944 NON
19¥d4_NON
19447 NON
TYNOSHId
IYNOSHId
IYNOSH3L

1V

1934 NON
L9¥ 3 NON
1944 NON
19447 NON
IYNOSHId
IYNOSYH3d
TVNOSY3d

v

ONIQIW
INIHOIH

A09713S

JLVAIYd-

SNEHJ

SNgH4

SNGH4

A03T13S
INIMOT
INIQIN

INIHIIH

A0978S
J1VAIYNd

IXvi
A09713S
A09T Q33
JLVAIYNS

1Xvl
INIMO
ONIQINW
INIHOIH

31VAIYd
A09™ 13S
JLVAINd

IXvi
INIAMOT
INIGIW
INIHOIH

SvY9
Sv9

SVY9

SV9

13s31a

13s31a

Sv9
SV9
SV9
SV9

13s31a
138314
q3s31a
SV9
SVY9
SY9
SV9
Sv9
SY9
SV9

13S31a
SV9
Sv9
SVY9
SV9
SvV9
Sv9

21=09
01-00

1V
1y
a1y

1V

v

v
REA)
1y
11y

T
Ty
v
v
v
1y
1Y
1Y
1y
TV

1y
v
1V
1My
v
v
v

1v_v2_ns
1y_vz_ns
1e-veTns

sSNE” Y¥IHLO

©$NET 43IHLO

SN8_Y3IHLO
SNg” ¥3IHLO

SNg_SNVuL
SN8 SNVYL

sng_a1
sna o1

37042
37042
37243
ERpF R
37042

4vd 918
¥vI 918
¥y3 914
¥vd 91g
¥y2 9149
¥v2_918
¥vd 919
qVI 918
4v2 9Ig
yv2 918
¥vJ 914

YYI T TIVHS
YYD 1IVYNWS

YV TIVWS

¥VYI T 1IVNWS
4YI T 1TYNS
¥YI_1IVHS
V3~ TIVHS
4¥IT 1IVKHS

D-55

- 8 - - B -  n W NS S D S A SR S G D S R AR S AL M e S e G L D D D N A A R D A A R S D TS e e A e e A R R e S s e e B = m e R T A B e R T S TR R W e A S R S wm e am A VB = YR e

Adl

AdW

JdH

13374

NOI93Y

¢ge61l

ALIGOWNWGD

43sn

dIHSY3INMD ONV SIILSIYUILIVYVHI ¢13374 3INJIHIA

1304

ALlIJVdVYD

3IJIH3A



FIGURE D-6 (cont.)

.
S T 0

¥ g
L] L]
O et et (Y e et vt O N et O

a
.
o~

M =+
. .
e B B B B I B B B B GV B I ]

e s
.
(9

[N EN IRV -SRI & B BN o}
.
P

¢

abE*¢e
[GG¢ b
$92¢1¢
LIg* 2
d1189¢
£00%:¢
T06%GT
193441
C09¢#h1
C09¢41
Zhne9

L1G% L2
221491
GICe2 ¢
£€T%ol
€2G4y

ehhsZl
SGL%bT

L3Insee
HGG* 2
LA N AR

cuLs:e
29491
[ REARNN
5¢c9+4¢

LEB%LT
uGL%s¢
960¢¢ 1
give¢e
H69 ¢y

G0L*8

ol

hol*gl
GeG4h 1
1G6G451
Zultce
cegLect
GGGe¢T

re9%yc
GZytyd
GGl
SyL*TT
DA
L2 AR
hewey
LR

N F VDAt NN~ T HM NS EMsTONDNOOOG e
. ® 6 o s 9 2 s s s " e o o 5 0 o o 0
P D CONMNDVINDOWD OO N~~~ [TEIRV-INToRNT o RNTo TR RN BT TR SRR SN TONTo TN Te N o BT BE- g = 4

e s & ¢ & b 2 o
-

vesl

89T ¢
TGLe
(4924
p0¢g
st Ge
66l
8Hh9e
9p9 e
226G
TIGue
HGTe
9¢cge
ErAL
g8 h¢
1G9t
€19
10L¢
gg9t

COP O (N et (WM O T O et O e

O e
—

TGL*
Ghge
9671¢
6cl*
8C0b*
BLE®
G9T1e
2L9
gine
CESe
bed*
bEL e
10c*
Lege
8601
cG9s e
LG9¢11T
XA
3694926
S8%%609

L AVIN Vo B o B SRSV ¢ SR AV A ]

NV

N

C8EeCY
€984y
Cohdy T
5G6%c
GIne 0081
CLLY 90T
PO AR
0%t 40

dJIHSYINRU INV

J21410vd INIGQ1INgG
J14I3¥d WN310813d
21412vd 9NIQIINyg
J21410vd 9NIQIINg
21412vd 19¥ 17NON
21410vd INIQ1INg
21412vd L1943 NON
21410vd INIGIING
21410vd 1934 NON
21412vd L9434 NON
214I2vd WYY 4
J1419Vd  wWN310¥13d
dI412vd aNIQIINg
21410vd 1944 NON
31412vd 19447 NON
J21312vd 9NIgINg
31410vd v
J1410vd IV
21413vd 9NIQINg
21412vd 4204
21410vd 194 47 NON
21412vd QIXIW
2141I0vd 1944 NON
J2I14I2vd 9NIJINg
J1410vd Wy vV d
31412vd HWN3I10¥Ldd
21410vd 33dVvd
31412vd Q00 4
J21410vd Q004
21413vd 19¥ 4 NON
21412vd 9NIgINng
213I0vd WYV 4
2I413vd WN310Y¥13d
21410vd geoe s
2I1412vd v
21412vd 19384 NCN
21412vd 1y
21413vd v
21410vd kY’
2I412vd IVNUSdId
21413vd AYNOSYH3d
J1412vd IYNOSdId
21412vd 11V
31410vd 1944 NON
21410vd 199 4 NON
21410vd IYNOSY3d
NOI93Y ALIUOWWOD
2861

SOTLSIHILDVYHVHD

2% S*n
J1VAIYd
JLVAIYNG

dO 43NMO

H4 1vI01

H3 V201
J %3 sen
2% S*N
A09” 18S
A097 Q34

WYV 4
ILIVAI NG
ILVAING

H4~va07
2 8 S*n
2% $*n

43IHLO

Al¥d 21
Al¥d D1
H4 v20T
H4~Iv201
J % Sén
2 % sen
WYV 4
J1IVAT ¥4
JLVAI YA
31VAIYd
Aldd 21
2% SN
28 s*n
WYY 4
ILVAI YL
3iVAIua
¥3HLD
AO9 T3S
¥Y3HLO0

M3IHLC
INIMOT
INIQIW

INIHOIH

YIHLG

AD9T3S

A09 Q34
INIMO

$1L43373 3I01HIA

138314
13s31Q
138310
13s31a
13s31a
138310
13s310
135310
138314
13s31a
13s31a
13sS31IQ
73s31a
13s31Ia
q3s31Ia
138314

SvV9

13s31a
13s31a
138310
13S3Id
13s31I0
13s31a
13s31a
13s31¢
13S310
13S310
Sv9
Svo
SV9
SvY9
Sv9
SvV9
13s31a
T3s831Q
SV9

138310
13s31a
13S3143
13S31a
SV9
Sv9
Sv9
Sv9

SS 19
SS 19
S8 19
GG-¢¢
GS-¢¢
GG-¢¢
S6-¢¢
G6-€¢
GG-¢¢
GG-¢¢
SS-¢¢
GS-¢€¢
66-¢¢
§e-92
g£eg=-9¢
£¢=-9¢
9¢ 11

S¢ 19
92 19
g¢ 19
9¢ 19
g¢c 19
9¢ 19
9¢ 19
9¢ 19
9¢ 19
92 19
9¢ 19
S¢ 19
9¢ 19
92 13
92 19
92 19
9¢ 11
92 11
9¢ 11

201-00
21=-09
0T-00
0I-09
uT-00
c1-00
01-00
01-30

ALlJvdvD

ve ns
vens
ve ns
ve NS
vens
ve ns
ve ns
Ve ns
ve ns
vE ns
ve ns
veTns
ve NS
veTns
ve Nns
ve o ns
veons
veTns

197 v2™ ns
197v2™ns
197 vz Nns
137vZ™ns
197v27ns
197 v2™ns
197 veg™ns
197 ve™ns
197 ve™ns
197 ve™ns
197 ve2™ns
197vz"ns
197 vz ns
197 vz™ns
197 vz ns
197vz27ns
197vz™ns
197 vz ns
197 vz ns
197v2™ns

v vz ns
1y~ vz ns
Ly vz7ns
v v2ns
Ly vZTns
1y vzZ™ns
v~ vyz7ns
1y v2™ns

3TIIH3A

D-56




L*
ce
G
5
pe
0

0 weroa

Pl

b
A
ge
g
He
ge
ge
5*
ce
2
T
G
ge
ge
0
£*6

O WO UM CWM0a o @

9°h6
I*s
3%
1*L
S*g
g8°L

FIGURE D-6 (cont.)

g

e
N.
2*
qe

LSV I VA ]

g

S9¢*S11
CEEeh Yy
Ze8%y¢
#9141
CTII¢Cy
GG0¢TS

SG8é¢p9
LAY
I¢T*Ce6
Lheceteg
A ALY
JgoeLg
LEE 496
GGheGgg
GEeeEL
[AYRIV]
G628
Y.ly42)
G0L%69
heléle
c0T8¢ol
140462
R 2 AE-EY
SHGe0Y
1tgé2c
$9849¢
LEHSET
L20%18
8684 4¢
2ice gy
LB8I%LY

NS A0
689412
eThegt
098%6¢
T2T1¢32
1.8%¢¢

HE88 LT

‘AdW

o~~~
® ¢ 0 4 8 6 0 4 0 0 s e 0 b a
T T T T S

* o 8 o @ .
ﬂ‘mﬁ'm#‘\.ﬁ#qm'(f##'sf@?##

Pt et 1D QDO LD KO M~
.

. LI
WO In N W

<+ ONW D W
L]

G*h

Odl

6601
LET AR
99241
LZARAS
Tenet
£8h¢ol

cEHeT
L80%1
90G*T
srgee
80¢c*1
#8061
Geete
LEySy
LBLYT
cehe2
LT04T
EEAN
c9641
90141
ZeLézZ
HYNARS
GBIeT
S0G*T
BhEsT
6Tg¢1
Lg9s1e
G2s* Y
¥8he T
e12s1
96¢¢ 16

150981
91Le3
39945
1G6c61
LLTST
HBE8ZG

121¢1

13374

J1412vd
JI410vd
2I41I0vd
3I412vd
JI4I2vd
JI141IJvd

J1410vd
JI410Vd
21410vd
JI41Idvd
JI4I3vd
J141I0vd
31410vd
JI14I0vd
J141dvd
JI410vd
3I14I23vd
JI1413vd
JI412vd
J1410vd
J14123vd
J2141I3vd
2I412vd’
3I4I0vd
JI410vd
J1410vd
J1410vd
J3141Jvd
31410vd
JI141Jvd
JI410vd

J14IJ2vd
JI41I0vd
JI412vd
JI412vd
JI4Idvd
J1410vd

JI4I2vd

NOI93Y

¢gal

Q3IXINW
INIQIng
WYV 4
WYV 4
aoo 4

v

G3IXIW
aNIg1Ing
aoo 4

Wav 4
WN370413d
IVIIWIHD
INIaIINg
4004

WiV 3

WyY 4
03XIW
WN370¥l3d
aNIGIINg
aoo 4
Q3xIu
Q3AXIW
9NIQIINg
1s3vos
WYY 4
anNIQiIng
1944 NON
WN310¥13d
aoo4
QIXIW

v -

1994 NON
Q3XIW
194947 NON
aoo 4
JIXIW
11v

SNIQINng

ALIQOWWOD

N397 DI
H4 1v207
H4 1v201

WHY4
JLYAINd

d0THINMOD
d0TYINMO
d0T ¥INMO
dOTHINMO
AI¥dTO1
AINdTOI
Al¥d D1
AIdd 01
Aldd DI
dW3IX37 o1
2348701
2348701
23d4s7 21
2348701

N397 01
H47 V201
H4 Y2301
H4 V201
Hi~v301
33 s¢n
AD97 %S
JLYAINd
ILVAIYd
H4A71v201

A097 %S
H4 1va01
A09” 13S
JLIVAIYNd
H4~1v207

Aldd 21

43sn

dIHSY3NMO ONV SOITLISIN¥ILIVYVHI 13374 3I1ITHIA

138310
13S31a
RERER
138314
13Ss31a

138310
1383Ia
138310
13s31a
138310
38310
138310
J3s310
13S831Q
138310
13s31a
138310
138314
13s31a
13s31a
138314
13S3IQ
138310
738310
138310
138314
138310
RENKR
13s31a

138314
138310
138310
138314
13831q

138310

3n4

GS 19
GS 19
G5 19
GG 19
&g 19

66 19
66 19
S6 19
SS 19
8¢ 19
S8 19
GG 19
86 19
GG 19
GS 19
GG 19
GS 19
SS 19
G 19
Se 19
Gs 19
88 19
SS 19
GG 19
66 19
85 19
86 19
GG 19
S 11

S6 19
GG-¢¢
GG-¢¢
GG-¢¢
£¢ 11

GS 19

ALIJVdY)

$374n04a
s3ilanoa
s3tganoc
s3lganoa
$3718n040
s3ilanoa

L LT TTi %)
¥95 aH02
V95 8W0D
¥95 9W0D
VY95 aH02
V95 902
V95 GN0D
VY95 dW0D
LETR: LTk
v9S 9W0D
v95 8H0D
Y95 aW02
v9S aW02
V95 9W0)D
V95 8HO)D
V95 aW0)
v95 8W0D
V9GS 8HO)D
v¥957an0)
Y9G ano0d
v95_8W0d
v¥9S gW02
¥9G5 gW02
v95_aWoJ
V95 W02

Y4C BHOD
YHE 9HO0D
V< 8W0D
VHC aWo3d
Vog 8W0D
VoS ano2

ve ns

3TIIH3A

D-57



U
el
0

<

C o O
.
W O C

L =]
.
<

W4
[l
Qe
ne
(VI
g

FIGURE D-6 (cont.)

(4o I U BN - B o)

<

(&
.
[&3

0*

-

0*J

32
Jec

g9°.

Adl

v80¢%s1
GgTee
L9491
1L09¢%.1
g2G%s

RZ4 AN}

XA L]
vll*g
To1¢91Y
PR Y LAY
LAY

Yozl
doc L
LA ANA

Jlesqy
Jle*Ge

Svls19

8I642
eLese
crgee
6l2%2

£088C1
€990 1
Ly2*" 1
229%0¢
geleL

. S80%o

Leees 1
4 X A%

0G049T
2€6%6
6G14L
[ 2 Q&I
2g6%a
2igty

Adu

1°9¢
S*¢l
s*¢l
g*el
8¢l
6°¢l
6°¢1
0°G61
0°GT
Loyl
g°vl

"o
.
~~~

6°S

9°Cs
a°90s
c*CS
6°0%

£€°¢e
g0
0°0¢
vene

*Le

L*0¢

9dW

289¢¢
gIgel
4 284
Tgns i
66 by
EL-YAN]
0Co*?l
690¢8¢
298419
Q9L%2¢
2LB8*H0¢

G00s1
THIsl
P AR4

bLTs T
wLT¢T

€Sy

9614 ¢
60G¢ L
cLysL
L3 ARA¢

26LYS

625401
X ALEE]
112¢1

L1281l
9446 L1
2894561
SLLY*BHG

LGG Y

2G2¢9¢
AT LI
610%8G
H6€4 Gy
v82eGLY

133714

IH MY
THT MY
TH Y
TH MY
IH MY
L IHOMY
TH Y
IH MY
TH_ MV
IH WY
IH MY

IHO NV
IV
IHTY

THO MY
TH™ oY

IH MY

IHT MY
IH XY
IH MY
IH XY

IH MY
IH v
IH XY
IH™ XY
IH WY
ITHT XY
IH NV
IH NY

IH™ XY
IH NV
IH MY
TH AWV
IH NV
IH NV

NOI93Y

¢g6l

1Y
IvyNCSYyad
IYNOSYHId
ITYNOSY3d
1y

1944 NON
19447 NON
TYNOSYH3d
IYNOSY3d
IYNOSY3d
v

19¥ 3”NON
19437 NON
v

1944 NON
1Y

a7y

TYNOS¥3d
AYNOSY¥3d
AYNOSd3d

v

19437 NON
19394 NON
19¥37NON
1933 NON
IYNOSH3d
TYNOSH3d
IYNOSY3d

1w

1944 NON
19437 NON
JYNOSYHId
TYNOSY3d
IYNOSH3d

1Y

ALIQOWWOD

Y3IHI10
INIMOT
INIQIW
INIHOIH

¥3HLO
A09T18S
A097 033
INIMOT
INIGIW
INIH9IH

J1VAINd
SNBHA

SN8H 4

ONIMOT
INIGInW
INIHIIH

JLVAIdd
A097 138
JLVATYd

IXvl
ININGO
ONIGIW
INIHIIH

3iYAIYdd
31VATYd
INIAOT
INIGQIW
INIHIIH

13s31a
13s314
138314
13s31a
SV9
SY9
SV9
Sv9
Sv9
SV9

SV9
SV9

138314

Sv9
SV9
SVY9

13s31Ia
SY9
SV9
SY9
SV9
SY9
SV9

I3s31a
SY9
SY9
Sv9
SY9

0r-00
0T1-00
01-00
cY-00
01-0¢
01-900
01-00
0T7-019
01-00
01-00

1V
v

v

1Y
v
v

1V
v
17V
v
v
IV
v

v
1
1V
v
v

16" v2 ns
1y ve NS
1¥" vz ns
19" v2™ns
le ve ns
1¥”ve"ns
1v~ vz ns
1v-v2 ns
1e- vz ns
v~ vz ns
1%~ v2™ns

SNa_¥3HLO
SNE_MIHLO
SNA” ¥IHLO

SN8_SNY¥L
SNg”SNVHL

sng~ a1

37340
37042
37040
37042

¥v2 914
dv2 918
¥vo 918
¥y2 918
dv) 918
dvd 9ls
¥v2_918
¥vJ 918

Y¥I T 1IYKS
¥YI_1IVMS
Y3 1IVNS
dYI2T 1IVKS
YYIT1IVYMS
¥v3 VNS

D-58

¥3sn

JIHSY3INAO ONV SOTLSIY3LIVIVHD *13374 3TDIH3A

REHE]

ALIDJVdVD

JTNOIH3A



g*cl

FIGURE D-6 (cont.)

8

g

g°d

's]
.
(=]

1968¢2

316¢92

896421

G68%o
LS¢¢21
ogeveetl

6l2%y
odlts

LY

8S¢
29%64¢
66242

Sy 1
SR SR
19248

69¢¢ 02
aGgeLe

IH MY

IH NV

TH WY

H:Hx<
IHO MY
IH NV

MY
IH XY

v

Ay

v

INIQIINg
1y
v

v
Iy

J 3 Sn
43HLO

43H10

13s31a
Sv9

SV9

GG-£¢
3¢ 11

92 11

s3lanoa

V95 dW0?d

YHE 8W0D

ve_ns
veons
veTns

19”ve_as
197vens

D-59

P T L T T T L I T T e e e T i S S PP

Adi

AdW

9dK

13374

NOTI93¥

[4°1-2 8

ALTQOKWOD

¥3sn

dIHSYINMO INV SOTLSTYILIVHVHI ¢L3374 3TIIH3A

3an4

ALIJVdYD

JT1JIH3A






GLOSSARY

AASHO & AASHTO: Originally American Association of State Highway Officials,
now American Association of State Highway and Transportation Officials. A group

representing State Departments of Transportation and Highways in matters related
to transportation poliey.

AASHO Road Test: A road test conducted by the American Association of State
Highway Officials (AASHO) from 1958-1961 to study the performance of various
pavement designs subjected to loads of known magnitude and frequency.

-AASHO Road Test Equations: The results of the AASHO Road Test were used
to develop equations to predict the performance of different pavement sections

under various axle loadings. They provide for allocating pavement thicknesses to
different axle loadings under mixed traffic eonditions.

Access Charge: A fee charged for the right to use all or a selected portion of

the highway system for some extended period of time, such as a year. An access
fee is a user charge which provides the user with access to the system but does
not vary with the amount of usage.

Activity: Any characteristic of highway usage that is potentially, either directly

or indirectly, subject to a user charge instrument. Examples are vehicle registrations,
vehiele miles of travel, gallons of fuel consumed, ESAL-miles of travel, PCE-miles

of travel, ete. Whether estimating revenue yield or evaluating efficiency or equity,
estimating the relevant activity levels is a critical analytic task.

Alligator Cracking: Advanced stage of load related pavement cracking, resulting

in variegated surface cracks.

G-1



Allocation Technique (or method): Any of the several distinet methods available

for determining responsibility factors for a particular expenditure item (as for example,

the ineremental method or the consumption method).
Allocator: A quantitative measure that can be used to partition a total budget
among a set of vehicle characteristics. Examples of allocators include vehicle

miles of travel, axle-miles of travel, ton miles of travel, equivalent single-axle

loadings (ESAL), and passenger car equivalents (PCE).
Arterial: A road used primarily for through traffic.

Attributable or Direct Costs: Costs for which a direct causal linkage can be established

with some measure of road activity or vehicle (class) characteristic or with the
expectation that some specific vehicle class will use a highway facility, These

costs are also referred to as occasioned costs.

Average Daily Traffic (ADT): The number of vehicles passing a specified point

on a highway during an average 24-hour period.

Axle Load: The total load transmitted by all wheels whose centers may be included
between two parallel transverse vertical planes, extending across the full width

of the vehicle.

Axle-Miles of Travel: A measure equal to the vehicle miles of travel multiplied

by the number of its load-bearing axles.

Axle-Weight-Distance: A measure equal to axle miles of travel multiplied by

the appropriate axle load.

G-2



Base Course: The layer or layers of material of designed thickness placed on a
subbase or a subgrade to support a bituminous surface course or portland cement
concrete pavement.

Benefits: Anything of value is a benefit (negative value is a disbenefit or a cost).

Collector: A road that connects local roads with arterials.

Common Costs: Costs incurred for the purpose of serving two or more classes

of users on the same facility are regarded as common to the associated user classes.

Constant Dollars:  Dollars of purchasing power which have been adjusted for inflation

or price changes,

Constant Returns to Scale: See Returns to Seale,

Consumer Surplus: The difference between the price actually paid by consumers

and the maximum amount they would individually be willing to pay is called consumer
surplus. It is the area below the demand curve and above the price line.

Cost: See Economic Costs.

Cost Allocation: The analytic process of determining cost responsibilities of system

users.

Cost Assignment: The level or proportion of costs assigned to particular, or all,

users.

Cost Responsibility: The proportion of expenditures for which each vehicle class

is responsible,



CTS: U.S. Bureau of the Census, Commodity Transportation Survey.

Current Dollars: Nominal values that have not been adjusted for inflation or price

changes.

Debt Service: Funds allocated for repayment of previously incurred debt, ineluding

both principal and interest.

Deck: The roadway or surface of a bridge.

Default Value: An assumed value, usually for a variable; an equation, based on
generally available information such as averages. Used in the absence of specifically

relevant information or when it is equal to the desired value.

Delphi Technique: A research technique for obtaining opinions from experts in

a subject area. Experts are kept separated while answering one or more questionnaires.
The results are tabulated and analyzed and the process is repeated.

Design Section: A section of pavement with specified attributes that is studied

for cost allocation.
Distress: Specific physical manifestation of pavement deterioration.

Earnings Credit: A method, considered without theoretical basis, for dividing

highway costs responsibilities between highway users and the general publie.



Economie Costs: The measure of what must be given up in order to obtain a good

or service. The consumption of resources, now or in the future, needed to acquire
the good or service.

Economie Efficiency: See Efficiency.

Economic Sector: A major division of the economy, i.e. the manufacturing sector

or the transportation sector.

Economies of Scale: Reduection in the average unit cost of a produet, in the long

run, resulting from an expanded level of output. This term refers to costs of per
unit production whereas return to seale refers only to changes in the quantity of
output.

Effectiveness: The degree to which a policy alternative achieves a specified goal.
Efficiency and equity are general goals, which society may choose to override for

some other purpose. For example the U.S. may wish to reduce fuel consumption

below the level that would be efficient because of international political considerations,
or redistribute income by holding prices below efficient levels.

Efficiency: The measure of the success with which the resources available to
society are employed to generate satisfaction to the members of society, or the
total net benefits created by the use of those resources, is the overall measure
of efficiency.

Efficiency Gains/Losses: The change in total net benefits from one equilibrium

to another is the efficiency or welfare gain (or loss) of shifting from one policy,
or price-output combination, to another.
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Elastic Modulus: A measure of the stiffness of pavement under stress.

Elasticity: See Price Elastieity.

Equity: Generally taken to mean the state of being just, impartial or fair. Three
subsidiary eoncepts are often discussed; horizontal, vertical and distributional equity.
Horizontal equity refers to the fair treatment of individuals in similar eircumstances.
Vertical equity refers to the fair treatment of individuals in different circumstances.
Distributional equity refers to the justness of the distribution of wealth among

individuals.

ESAL: Equivalent single axle load, measuring the relative impact of an axle on
the condition of a pavement in standard units, with a value of 1.0 assigned to an
axle of 18,000 pounds. The relationship develops the equivalency measure based

on the AASHO road test equations.

Excise Tax: A tax levied on the production or sale of specific items such as liquor,

gasoline, cigarettes or vehicles.

Exempt Vehicles: Vehicle classes that are exempted from payment of one or more

of the principal motor vehicle taxes or fees. Examples include publicly-owned vehicles,

public transit vehicles, and some types of farm equipment.
Expenditure: The amount of money spent on something, usually representing the
dollar portion of the price to the purchaser, is an expenditure. Expenditures may

or may not be the same as costs.

Expressway: A divided arterial for through traffic with limited access and with

grade separations at major intersections.
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Externality: An effect on one or more persons not captured in the normal market
that results from the action of a different person, entity, or firm. Externalities
can be positive or negative.

Faulting: Differential vertical displacement of rigid slabs at a joint or crack.

Fee: A fee is a price paid for a service. In relation to highways, a fee or a user

fee is the same as a user charge.

FHWA: Federal Highway Administration of the U.S. Department of Transportation.
Fixed Cost: Any cost that is not variable with current activity levels or use is

a fixed cost. Examples are investments in right-of-way and interest on borrowed

funds.

Flexible Pavement: A pavement structure consisting of bituminous surfacing

(ranging from light bituminous surface treatment to sheet asphalt and bituminous
concrete), base, and/or subbase. Untreated gravel surfaces have, in the past, been
grouped with flexible pavements.

Freeway: An expressway with full control of access.

Functional Classification: The classification of roads and highways according

to their general level of importance and character of service. The definition may
differ State to State; FHWA uses the classifications, separately for urban and rural
systems, Interstate, Other Freeways and Expressways, Other Principal Arterials,
Minor Arterials, Major Collectors, Minor Collectors. In addition, roads of different
jurisdictions; local, county, ete., are classified.
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General Revenues: Revenues raised from general tax instruments, such as property,

income and sales taxes. These are considered nonuser revenues in a highway finance

context.

Gross Registered Weight (GRW): The weight declared by a user of a vehicle for

the purpose of registration. This is usually the maximum loaded weight of the vehicle

but in some circumstances is unladen or another weight basis.

Gross Vehicle Weight (GVW):  The actual maximum loaded weight allowed for
a vehicle (based on registration or legal limits) or the weight of a given vehicle

as recorded on scales. This is sometimes referred to as operating weight.

Highway User: The owner of a motor vehicle in use on highways, roads and streets.

Often cited as "user,” "motor vehicle user," or even "motor vehicle."

HUTCM: Highway User Tax/Cost Model, developed for FHWA for the analysis
of revenue attribution and tax impacts of the Surface Transportation Assistance

Act of 1982.

Incremental Cost: The additional portion of cost which is occasioned or caused

by a particular type of use.

Incremental Method:  An allocation approach that assigns costs of highway operation,

maintenance and improvements based on a particular vehicle attribute or characteristic

by arbitrarily dividing facilities into levels of assignable cost which are associated

with particular vehicle elasses.

Internalized Costs: The costs of an activity borne by an individual or entity.




Instrument: A mechanism for collecting either a tax or user charge. Examples
of user charge instruments are fuel taxes, parking surcharges, weight-distance taxes,
annual use fees, and parking permit fees.

I/0 or Input-Output: A model of the economy that measures the dollar value of

component materials from each industry sector, per dollar value of the output of
one particular industry sector. This type of model allows estimates of the effects
of changes in one, i.e. the produeing, sector on all supplying sectors.

IRP: International Registration Plan, a registration reciproeity agreement among
States and Canadian provinces developed in 1973 by the American Association of

Motor Vehicle Administrators.

Jurisdictional Classification: A highway elassification scheme based on the level

of government (Federal, State, County, Local) financially responsible for the particular
road system,

Kip: A one thousand pound unit of weight.

Lane-Miles: The number of lanes in a section of street or highway multiplied
by the length of the section in miles.

Long Run: The period in which all factors of production ean vary, including capital

as well as short run factors..

Marginal Cost: The extra cost of producing an extra unit of output. In the short

run, marginal costs are measured by the change in variable costs only.
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Marginal Cost Prices: Prices based on the additional costs of produecing one more

unit of output or activity. Prices set at marginal costs reflect the cost of the last
unit of production. Prices set at marginal costs are most efficient, from an economie
point of view, because they confront purchasers with the costs of the good produced

and allow society to gain the maximum amount of satisfaction from the resources

available.

Medium Run: A period between the long and short run where certain capital items

can vary.

MPLSFW: Maximum Payload Shift Factor.

MPOGVW: Maximum Practical Operating Gross Vehicle Weight.

MRA: Multistate Reciprocal Agreement.

NCHRP: National Cooperative Highway Research Program.

Nomograph: A graphic representation that consists of several lines marked off
to scale and arranged in such a way that by using a straightedge to connect known
values on two lines an unknown value can be read at the point of intersection with
a third line.

Non-User: A member of the general public.

NPTS: Federal Highway Administration, Nationwide Personal Transportation

Survey, survey conducted by U.S. Bureau of the Census.
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Occasioned Costs: Costs incurred by, or determined to be caused by, one or more

classes of vehicles over and above the costs of the basic facility.

Off-Peak: A time when traffic is not at its heaviest. It deseribes all times other
than peak.

OGW or OGVW: Operating Gross Vehicle Weight.

Opportunity Cost: The value of all things which must be foregone in order to

acquire a good or service, whether now or in the future. Also measured as the value
of the resource in the best alternative use.

Opportunity Value: See Opportunity Cost.

Pavement (pavement structure): One or more layers of specially processed materials

placed on the subgrade to support the traffic loads and distribute them to the subgrade.

PCE: Passenger car equivalent, a measure of road space effectively occupied

by a vehicle of a given type under given terrain, vehicle mix, road type, and congestion
conditions. The reference unit is the standard passenger car operating under the
conditions on the road category in question.

Peak-Hour Traffic: The highest number of vehicles found to be passing over a

section of a lane or a roadway during 60 consecutive minutes.

PMGVW: Practical Maximum Gross Vehicle Weight.

PMGVWF: Practical Maximum Gross Vehicle Weight, Future,
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PMGVWP: Practical Maximum Gross Vehicle Weight, Present.

Pavement Serviceability Index (PSI): A standard measure of pavement roughness

and rideability ranging from 5.0 (new) through 2.5 (very rough) to zero (failure).

Price Elasticity: The responsiveness of a quantity to the change in a particular

price. Measured as the ratio of the relative change in quantity to the relative change

in the price that induced the quantity shift.
Price: The charges levied on users for goods or services consumed.

Producers Surplus: The excess of total revenues to the producer of a good or service

over the cost of production (including normal return to eapital). This is measured

as the area above the supply curve and below the price line.

Prorate: To pay registration fees to two or more States based on the percentage

of miles operated in each.

Pumping: The ejection of foundation material, either wet or dry, through joints
or cracks or along edges of rigid slabs, due to vertical movements of the slab under

traffic.

Rate: The level per unit of the taxable item, in dollars, at which a user fee or
charge is set or levied, i.e., the per-unit price of the user charge. Examples are

the amount for vehicle registration and the amount per gallon for fuel tax.
Reciprocity: The granting of privileges or exemptions by one State to vehicles

properly registered in another State granting similar privileges or exemptions in

return.
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Residual Costs: The portion of total cost that is not recovered through prices

or other charges to users.

Returns to Scale: The rate at which output changes as the quantity of all inputs

are varied. Constant returns to scale pertains when output levels remain proportional
to the levels of all inputs. Decreasing returns to scale pertains if output goes up

less than proportionally with inputs. Increasing returns to scale pertains when output
increases more than proportionally with all input levels. Also see Economies of

Scale.

Right-of-Way: The strip of land, property, or interest therein, over which a highway

or roadway is built.

Rigid Pavement: A pavement structure consisting of portland cement concrete

surfacing with or without subbase.

Roadbed: The graded portion of a highway within top and side slopes, prepared

as a foundation for the pavement structure and shoulders.

Second-Best: The case where the assumptions required to guarantee the allocative
efficiency of marginal cost pricing are not fulfilled. Ideal efficiency (price equals
marginal cost in all markets, and investment everywhere is optimal) is referred

to as "first-best;" anything else is second-best. All practical problems involve second-
best conditions, in that there are always constraints on achieving an optimum allocation

of resources.

Severance Tax: Tax paid on products of extractive industries.

G-13



SGVW: Starting Gross Vehicle Weight (the point where TSW shifting of vehicle
loaded weight begins).

Short Run: The time period where certain factors of production, such as quantities

of labor, can be varied but where other factors are fixed, such as the capital stock.

Short-Run Costs:  An operating period where only certain costs vary with current

use or activity, while a portion of the costs for all or part of a given facility is
held fixed.

Shoulder: The portion of the roadway contiguous with the traveled way for accommodation
of stopped vehicles, for emergency use, and for lateral support of base and surface

courses.
Soil Strength: A measure of the soil's supporting value for pavement.

Soil Type: This term relates to the type of the subgrade soil and its effects on
pavement design and costs. Three broad categories, poor, fair, and good, are most
often used. Factors considered for classifying a particular soil are its supporting
capacity, sensitivity to moisture, susceptibility to pumping, and performance under

frost conditions.

STCC: Standard Transportation Commodity Codes, used to describe commodities

shipped by various transportation modes.
Subbase: The layer or layers of material of designed thickness placed on a subgrade

to support the base course of a flexible pavement or the portland cement concrete

surface of a rigid pavement.
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Subgrade: The top surface of a roadbed upon which the pavement structure and
shoulders are constructed.

Subsidy: Monetary assistance from governments or individuals to support particular
consumption or activities. This assistance can be in the form of expenditures, tax
exemptions, hidden costs, or unpriced external costs imposed on non-consumers

of the activity.

Tare Weight: A vehiele's unladen or empty weight.

Tax: A levy imposed by government on the resources of citizens and enterprises

for the purpose of raising revenues to support government and its purposes.

Tandem Axle Load: The total load transmitted by all wheels on two or more consecutive

axles whose centers may be included between two parallel transverse vertical planes
spaced more than 40 inches and not more than 96 inches apart, extending across
the full width of the vehicle.

Terminal PSI: Design condition at which pavement is determined to have failed
and requires major rehabilitation. (See Pavement Serviceability Index, above.)

Terminal Serviceability: Terminal PSI is a measure of terminal serviceability.

Terrain Type: The type of topography through which a highway section passes
based on the following definitions:

Flat terrain is that condition where highway sight distances, as governed

by both horizontal and vertical restrictions, are generally long or could be
made to be so without construction difficulty or major expenses.
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Rolling terrain is that condition where the natural slopes consistently rise
above and fall below the highway grade line and where occasional steep slopes
offer some restrictions to normal highway horizontal and vertical alignment.

Mountainous terrain is that condition where the longitudinal and transverse
changes in the evaluation of the ground with respect to the highway are

abrupt and where the roadbed requires frequent benching or side hill excavation.

TIUS: U.S. Bureau of the Census, Truck Inventory and Use Survey.

Ton-Mile Tax: A tax based on estimated weight and distance traveled for individual

freight or goods movements.

Truck: A general term denoting a motor vehicle designed for transportation of

property. The term includes single unit trucks and truck ecombinations.

Truck Combinations: A truck tractor and a semitrailer, either with or without

a full trailer, or a truck with one or more full trailers.
TSW: Truck Size and Weight.
TWS: (FHWA) Truck Weight Study.

UPRA: Uniform Vehicle Registration Proration and Reciprocity Agreement.

Usage Pattern: Usage, or a usage pattern, is a description of how users are distributed

on the highway system, including traffic volumes, sizes and weights of vehicles,

and the types of roads they are using.
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User Charge: A fee, tax or charge that is imposed on facility users as a condition
of usage. An excise tax on gasoline or tires is a user charge because only highway
users pay it, while a general sales tax on the same items is not a user charge.

User Charge Structure: A package of instruments and rates that constitute a

financing for the expected highway expenditures. Non-user charge instruments
may be included in the complete package.

User Cost: The value of resources used by the travel on or use of the highway
system, such as pavement wear, time, space requirements. These are analogous,
but not necessarily equal, to portions of highway expenditures.

User Fee: See User Charge.

User Revenues: Highway revenues raised through the imposition of user charges

or fees,

Variable Cost: Costs that vary with the level of output or use. Short-run variable
costs are those that ecould be avoided if certain or all current travel were to be
eliminated. In the long-run all costs are variable.

Vehicle Class: Vehicles grouped into homogeneous categories for the purpose

of analyzing cost responsibilities, impacts or setting user charges. Important characteristics
are weight, size, number of axles, visual type (single unit, tractor trailer combination,
tractor semi-trailer combination), and type of fuel

VESYS Model: A mechanistic model of flexible pavement performance.

VMT: Vehicle Miles Traveled or Vehicle Miles of Travel
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Weight-Distance: An estimated measure of the average vehicle load multiplied
by the trip distance, or annual travel distance.

Weight-Distance Tax: A tax based on gross vehicle weight and miles traveled.
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Transportation, Tables MV-1, 9, and 10. Washington, DC, 1975-1978.
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This source provides important truck population data by State and the
necessary truck categories for 1977.

6. R.L. Polk & Company data from TSC.

This source may be useful to supplement the Polk data in Facts & Figures.
MVMA.

DISAGGREGATE VMT AND FUEL EFFICIENCY BY
FUNCTIONAL ROADWAY SYSTEM

FUEL EFFICIENCY

1. Claffey, Paul J. Running Costs of Motor Vehicles As Affected by Road Design

and Traffic. National Cooperative Highway Research Program Report IIL
Washington, DC, 1971.

This source provides the fuel efficiency data by the type of road, degree
of grades (+ or -), number of stops, size of vehicle, degree of curves,
speed travelled, and traffic volume. This source lacks the necessary

highway class breakdowns but provides some vehicle class breakdowns.

2. Claffey, Paul J. Running Costs of Motor Vehicles As Affected by Highway

Design, Interim Report. National Cooperative Highway Research Report 13.
Washington, DC, 1965.

This source provides the same information contained in source 1 (only

an earlier version) but this source provides a greater breakdown by weight
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of the vehicle, warm and cold starts, vehicle design and size, transit

bus MPG estimates, (transit) route speed and stop frequencies, degree
of grades, uniform speed, speed by mph, type of road, traffic volume,

and number of stops all for a variety of vehieles.

VMT sources are ineluded in the VMT section.

VEHICLE SALES

1. Transit Fact Book. American Public Transit Association. Washington, DC,
1975-1978.

This source provides data concerning the number of transit buses delivered

to private and public transit systesm.

2. MVMA Facts and Figures. Motor Vehicle Manufacturers' Association. Washington,
DC, 1975-1979.

This source provides sales data and Polk's new registrations data on

buses by autos, trucks by weight classes and body types, and motorcycles.

3. Automotive News. Crain Automotive Group, Ine. Detroit, Michigan, 1975-1980.

This source provides sales data by week, month, and year of autos and

trucks by model (new and used) and model year.
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U.S. Congress, House of Representatives, Committee on Public Works and
Transportation, The Status of the Nation's Highways: Conditions and Performance

(95-29). Prepared by the Secretary of Transportation, U.S. Government Printing
Office, Washington, DC, 1977,

This source provides VMT data by the necessary functional highway

classes and by State.

Comeau, Clifford M. "National Highway Inventory and Performance Summary,"
1976 National Highway Inventory and Performance Study. U.S. Department

of Transportation, Federal Highway Administration, Office of Highway Planning.
Washington, DC, December 1977.

This source provides data on speeds by the necessary functional highway
classes, DVMT by the same highway classes, and other traffie counts.
The source will be used with source 3 to estimate VMT and fuel efficiency

disaggregate by the functional highway system.

Procedural Development Branch and Special Studies Branch. "National Functional
System Mileage and Travel Summary. 1976 National Inventory and Performance
Study. U.S. Department of Transportation, Federal Highway Administration,
Office of Highway Planning. Washington, DC, June 1977,

This source provides the necessary DVMT data by the necessary highway
system by State. Also, this source with source 2 will aid in disaggregating

VMT and fuel efficiency by highway class.
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Mosbaek and Cohen. Methodology for Estimating the Impacts of Changes

on Highway Performance. U.S. Department of Transportation, Federal Highway
Administration, Washington, DC, August 1977,

This source provides a methodology for estimating fuel efficiency for

vehicles by functional highway classes.

1977 Vehicle Miles Travelled Tabulations. Prepared by System Design Concepts,
Inc. as part of the Truck Size and Weight Study from FHWA data, Washington,
DC, 1980.

This source provides the VMT data for the necessary vehicle classes
but lacks the necessary functional highway classes. A combination
of all the VMT sources will yield the VMT base data for the necessary

vehicle classes and functional highway classes.

Federal Highway Administration. Highway Statistiecs. U.S. Department
of Transportation, Washington, DC, 1975-1978.

This source provides the general wealth of data on VMT by several

vehicle and highway classes.

Transit Fact Book. American Public Transportation Association, Washington,

DC, 1975-1980.

This source provides a general wealth of information on transit bus
VMT.

America's Most Fuel Efficient Passenger Transportation Service. American
Bus Association. Washington, DC, 1975-1979,
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11.

12.

13.

This source provides a general wealth of data concerning intereity
bus VMT. |

National School Transportation Association, Springfield, VA.

This source provides a general wealth of data concerning school bus
VMT.

1977 TIUS Tabulations. Prepared by Federal Highway Administration as

part of the Cost Allocation Study from TIUS data, Washington, DC, 1980.

This source provides the primary data for truck VMT by the necessary
weight classes (not yet received).

Potential Fuel Conservation Measures by Motor Carriers in the Intercity

Freight Market. Charles River Associates, March 1977.

This study contains data on vehiele miles for types of trailers by range
of haul as well as distribution of vehicle miles by type of carrier.

Transportation Energy Conservation Data Book. Oak Ridge National Laboratory,

Oak Ridge, TN, 1979.

Source contains a graph of average annual miles versus age for heavy-heavy
truck and light trucks -- data from Truck Inventory and Use Survey.

Transport Statistics in the United States, Part 7. Interstate Commerce Commission,

Washington, DC, 1976-1978.
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For Class I and II Carriers, this publication lists VMT in intercity service.

14. Trucking Activity and Fuel Consumption, 1973, 1980, 1985 and 1990. Jack
Faucett Associates, Chevy Chase, MD, July 1976.

This source provides average VMT data for a 1973 data base and projections.

AMOUNT SPENT ON REPLACEMENT PARTS

1. Census of Manufactures. DOC, Washington, DC, Data for 1967, '72, (preliminary) '77.

Source lists data for quantity and value shipped for motor vehicle parts

and accessories, disaggregated by parts used for original equipment

and parts used for replacement. However, parts shipped are not disaggregated
by auto or truck end user. Calculations of value/quantity yield producers'

price at wholesale, not purchasers' price at retail.

2. Census of Selected Service Industries. DOC, Washington, DC, 1977, 1972.

This census provides data on the number of employees and the total
payroll of automotive and diesel repair shops. While these data will
permit the determination of some labor costs, only about half of all

repairs occur in repair shops.

3. Federal Highway Administration, Highway Statistics, U.S. Department of
Transportation, Washington, DC, 1976-1978.

FHWA taxes collected on truck parts are available for the base years
1976, '77 and '78. These taxes are 8% of the final manufacturer's sale

price. Source includes estimates of the amount of those taxes that
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are paid by private and commercial highway users. (The ATA publishes
annually the percent of the highway user taxes paid by trucks -- about
99%. This figure is based on the original HCAS.)

4. NADA Data for 1980. National Automotive Dealers Association, McLean,
VA, 1980.

Source tabulates dollars spent on franchised new car and truck dealer
parts and service. Parts and service labor are disaggregated, so the
fraction of maintenance costs that are parts expenditures can be calculated.

5. National Spending Study. Hertz Corporation, New York, NY, 1980.

This report includes operating costs breakdowns for an "intermediate"

car, and lists maintenance costs within those breakdowns.

6. Trine's Blue Book of the Trucking Industry. Trine Transportation Consultants,
Washington, DC, 1978.

For Class I and II carriers data are tabulated for many individual firms.
Data are also aggregated by class of carrier and for all U.S. trucking
firms. The data are not, however, disaggregated by labor and parts
expenditures.

7. Truck Cost Study. Hertz Corporation, New York, NY, May 1980.

This report contains detailed data on all truck costs, including costs

for maintenance. Since lease/rental trucks are used much more intensively
than other trucks of the same weight class, annual maintenance figures
will probably be significantly higher than average. Maintenance costs

are estimated for a 23,000 GVW van and an 80,000 GCW tractor-trailer.

R-38



FUEL EFFICIENCY/TRUCKS

1. Potential Fuel Conservation Measures by Motor Carriers in the Intercity
Freight Market. Charles River Associates, March 1977.

For the calculation of fuel efficiency based on load carried, this source

contains data on fuel use by ton-mile and space utilization by equipment

type.

2. Rose, A.B. and K.J. Reed, Energy Intensity and Related Parameters of Selected

Transportation Modes: Freight Movements. Oak Ridge National Laboratory,
Oeak Ridge, TN. June 1979,

This study attempts to determine the causes of the divergences among
published energy intensity values, including fuel efficiency of trucks.
The report contains tables of MPG/year 1973, 1974, 1975, 1976 for

the post office and large Federal fleets, in GVW classes less than 12,500,
12,500 to 17,000, over 17,000. The study also cites Faucett and Charles
River Associates in providing the best estimate available for average

fuel efficiency of class 8 trucks in intereity service (4.5 MPG, p. 6-10).

3. Study of Potential for Motor Vehicle Fuel Economy Improvement Truck and
Bus Panel Report, Transportation Systems Center, DOT, NTIS #PB-241777,
10 Jan. 1975.

This study provides gasoline and diesel fuel economy estimates for
1973 trucks and buses over 10,000 lbs. GVW, by weight class (pp. 9,
10, 11). These data are for the most popular model within a weight
class and are derived from the ATA and DOT Road User and Property
Taxes Report.
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1.

Truck Cost Study. Hertz Corporation, New York, NY. May 1980.

Fuel efficiency for 23,000 Ib. GVW van and 80,000 1b. GVW tractor-trailer
can be calculated from cost per mile and mileage data presented in

this study, for all three data base years,

PERCENT EXCESS TRAILERS PER POWER UNIT

Anderson, David L., Forecast Motor Carrier Traffic Demand and Equipment

Requirements. Data Resources, Incorporated, Lexington, MA.

This article lists 1975 and 1976 estimates by Commerecial Car Journal,
FHWA and DRI of trailers in operation. The estimates do not match

well. However, DRI says its estimates are "very close" to those of
R.L. Polk, without citing the latter's data.

Federal Highway Administration, Highway Statistics. Department of Transportation.
Washington, DC, 1976-1978.

This source lists trailer, semi-trailer and tractor-truck registrations
by State.

Motor Vehicle Facts and Figures. Motor Vehicle Manufacturer's Association.
Washington, DC, 1975-1979.

MVMA summarizes FHWA data on tractors and trailers.

Trine's Blue Book of the Trucking Industry. Trinec Transportation Consultants.

Washington, DC, 1978.
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For Class I and II Carriers, this source lists total power units and number
of trailers owned by firm. These data are also aggregated for all carriers

and for special groups of carriers.
PRICES

1. Census of Manufactures. DOC, Washington, DC. 1967, 1972, 1977.

This source contains quantity and value of produets shipped data for
trucks by GVW, produced by manufacturers in SIC industry 3711. These
data do not include trucks built in SIC 3713, Truck and Bus Bodies.

2. Producer Price Indexes. DOC, Washington, DC. 1979.

Wholesale price indexes for trucks, 1964-1979: for trucks 10,000 lbs.
and under, and 10,000 lbs. and over, were provided by the DOC.

3. Road User and Property Taxes on Selected Vehicles. Department of Transportation,

Washington, DC. 1960, 1964, 1968, 1970, 1973, (preliminary) 1979.

For the most popular model within certain GVW classes, this report
lists vehicle prices and GVW, annual miles travelled, MPG, ete. These
vehieles are equipped with options by the ATA to provide an average

vehicle, and prices are reduced by a typical discount.

4, Truck Blue Book. National Market Reports, Chicago, Illinois: Maclean-Hunter

Publishing Corporation, July, 1980.

This book source lists the suggested factory price of standardly-equipped
trucks. Listings are by model number; they provide axles configuration,
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GVW, GCW, as well as the suggested factory price of new trucks. Data
are available from 1960 to 1980. Discussions with local truck dealers
indicate that the actual purchase price of a truck averages about 85
percent of the suggested factory price, but that this can vary dramatically
depending on market conditions.

5. Truck Cost Study. Hertz Corporation, New York, NY. May 1980.

Data in this source provide the cost (ineluding diseount and options)
over the past seven years of a 23,000 Ib. GVW van and an 80,000 Ib.
GCW tractor-trailer, both equipped with Hertz options.

6. Truck Trailers. DOC, Washington, DC. 1980.

This report, which is published monthly and summarized annually, has
tables of quantity and value of products shipped, by type of trailer,
1970-1979. Since these are products-shipped data, their manipulation
provides producer wholesale rather than producer retail prices.

SCRAPPAGE

1. Anderson, David L., Forecasting Motor Carrier Traffic Demand and Equipment

Requirements. Data Resources, Inc., Lexington, MA.

This report describes the truck demand model of DRI (for classes 6,

7, 8). Included is a table of Class 8 Mack truck serappage by model

year. The average life of a Class 8 truck appears to be between 10

and 11 years, with about 8% scrappage per year. This source also estimates
trailer retirement rates at four percent per model per year.
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2,

Facts and Figures. Motor Vehicle Manufacturers' Association, Washington,
DC, 1976-1979.

These annual volumes provide historical data on factory sales of trucks
and buses by GVW, factory sales of diesel trucks by GVW, and retail
sales of trucks by GVW. Examination of these data shows that factory
sales by GVW for trucks and buses provide the best match with TIUS
data. This source also contains ATA estimates of taxes on the same

vehiecles used in Road User and Property Taxes. The 10% original excise

taxes on trucks are divided by the estimated life of the vehicle. This

estimated life comes from the original HCAS.

1977 TIUS Tabulations. Prepared by Federal Highway Administration as part
of the Cost Allocation Study from TIUS data, Washington, DC, 1980.

Comparison of TIUS figures of registrations per model per year and
MVMA figures for factory sales in a model year provides a set of data
from which scrappage for two truck classes were determined.

TIRE SALES/PRICES

Highwav Tire Noise Symposium, Proceedings, SAE, Warrendale, PA, 1977,

The paper "Tire Noise Regulations — Technical and Economic Implications,"
included in this volume, presents six tire use/cost scenarios, for both

bias-ply and radial tires.

The National Income and Products Accounts of the United States, 1929-74,

DOC, Washington, DC, 1977.
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These tables include annual data for 1960-74 personal consumption

expenditures of tires, tubes and accessories. These expenditures do
not include commercial firms' purchases of tires which are included
in interindustry transactions.
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