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Data is evaluated on travel time and fuel consumption, not a frequent 
or easily obtainable measurement. In addition, traffic volume relief 
is presented for one study area to reflect non-user benefits in the form 
of accessibility and also to present an insight into significant changes 
in travel time and fuel consumption. 

The first portion of the report presents the characteristics of bene­
fits in theform of travel time, overall speed, delay, fuel consumption, 
distance, and volume for freeway bypass routes as compared to the 
older business routes. 

The rest of the report analyzes the effect on travel time and fuel 
consumption of speed of operation and traffic volume. The economics 
of movement of vehicles at various speeds is also investigated to es­
tablish the most efficient speed on the basis of values of travel time 
and fuel. 

The results of the freeway bypass evaluation show that the economic 
benefit as a result of the construction of afreewaywill always be a posi­
tive quantity on the basis of travel time savings, even in cases where 
the freeway distance is 12 percerit greater than the older business route. 
However, the fuel consumption may be negative depending on route dis­
tances, character of the speed change and the type of vehicle. By com­
bining these two economic benefits the optimum economic speed of oper­
ation is indicated. 

•RESEARCH on the operating characteristics of vehicles, particularly fuel consump­
tion and travel time, has been conducted at the University of Washington for the past 5 
yr. In the summer of 1962, the University of Washington research group entered into 
a contract with the Washington State Highway Commission and the U. S. Department of 
Commerce Bureau of Public Roads for measuring the fuel consumption, travel time, 
and delay experienced on an existing congested primary State highway between the cities 
of Seattle and Tacoma. Extensive measurements were made for various volume con­
ditions and types of vehicles, ranging from a small compact to a large tractor and semi­
trailer combination. This 12. 5-mi section of highway has been replaced by a 6-lane 
freeway, and subsequent measurements of fuel consumption and travel time have been 
made on the freeway and then again on the old section of the State highway. The pri­
mary purpose of the contract is to c.ollect and assemble data on time, fuel, and volume 
on the existing route and also on routes in the City of Seattle before any segments of 
the freeway network are completed and open to traffic. These data will provide the 
"before" portion of a before-and-after study of freeway benefits. The contract also in­
cludes a limited "after" study because a 12. 8-mi section of freeway between Seattle and 
Tacoma was opened to traffic during the period of the contract. Preliminary results 
are presented in this paper for the trip savings by vehicle type. 
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In addition, data has been collected on travel time and fuel consumption on freeway 
sections bypassing the City of Olympia and on the previous State highway routes through 
the business section of Olympia. This report presents the preliminary results of user 
benefits of savings in time and fuel consumption for a standard passenger car trip. 

It is the intent in the first portion of the paper not to present new techniques of data 
collection but to provide factual information on the magnitude of benefits realized by the 
improvement of existing congested arterial routes in comparison to the operation of free­
flowing traffic on freeways. 

The latter portion of the paper attempts to correlate meaningful measurements im­
portant in the statistical analysis of field measurements. In addition, a preliminary in­
vestigation is presented to stimulate additional interest in a more precise evaluation of 
items directly related to the quality of traffic service. 

TEST ROUTE DESCRIPTION 

The research contract required the collection of data on six routes on the Olympia 
test site, two on the Seattle-Tacoma site and four on the Seattle test site. This report 
utilizes the first two test sites. 

Olympia Test Site 

On Dec. 12, 1958, the Washington State Highway Commission opened a section of US 
99 freeway bypassing the City of Olympia. In addition, a section of US 101 freeway, by­
passing Olympia to the west, was also opened to traffic. These two freeway sections 
resulted in bypasses in three general directions, i.e., south to east and east to south 
for US 99, south to west and west to south for US 101, and east to west and west to east 
for US 410. The study routes for these bypass and business routes are shown in Figures 
1 and lA. Figure 1 shows the data checkpoints for the 1958 before study and the 1959 
after study. Figure lA shows the 19 63 checkpoints for the freeway and business routes. 

Seattle-Tacoma Test Site 

The first segment of the freeway between Tacoma and Seattle to be opened to traffic 
was the portion from the Port of Tacoma road to Midway at SSH-5A. This freeway 
route is 12. 846 mi in length for Seattle-bound traffic and 12. 746 mi for Tacoma-bound 
traffic. Figure 2 shows the general vicinity of the test site location, which also includes 
the old highway route of the primary State highway consisting of a 4-lane undivided high­
way in some sections and channelized for turn movements and access controls at other 
locations. The old route was equipped with fully actuated traffic signals at four loca­
tions. 

TEST VEHICLE DESCRIPTION 

The Olympia study in March of 1963 utilized a 1963 standard V8 4-door sedan. The 
vehicle is test unit 6 and nearly identical with test unit 2 (Fig. 3). 

The Seattle-Tacoma routes utilized five different vehicle types, including a 1962 
U. S. compact 4-door sedan, a 1962 standard V8 4-door sedan, a 1962 half-ton 6-cylin­
der pickup truck, a 1955 Diesel 3-S2, and a 1962 single unit truck with dual tires (Fig. 
3). Detailed descriptions of the test vehicles are contained in Appendix A. 

The after study on the Tacoma-Seattle route was conducted in December 1962 and 
utilized test units 1 and 2 (compact and standard passenger car, respectively). 

DESCRIPTION OF DATA COLLECTION 

This report utilizes the data collected on the US 99 Olympia bypass, which is of ma­
jor significance from the standpoint of relief to traffic congestion for graphical presen­
tation. Preliminary results are also tabulated for the other routes. The Washington 
State Highway Commission in November and December 1958 collected travel time and 
fuel consumption on the existing city business routes and in March 1959 collected after 
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Freeway (Route 7) 

FREEWAY BENEFITS 
STUDY 

Figure 2 . Vi cinity map, US 99 t est secti on. 



Test Unit I- 1962 Compact 4- Door 
Sedan . 

Test Unit 2- 1962 Standard V-8 

4- Door Sedan. 

Test Unit 3 - 1962 Half Ton 6 Cylinder 

Pick Up. 

Figure 3, 

Test Unit 4- 1955 Diesel 3-S2 

Test Unit 5- 1962 Single Unit Truck 

With Dual Rear Tires. 

Test Unit 6 - 1963 Standard 

V-8 4- Door Sedan. 

Test vehicl es, 
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data on the business and freeway routes. Due to the limitations in the fuel metering de­
vice used on these earlier studies the State Highway Commission requested the Univer­
sity research group to re-evaluate the fuel consumption and travel time of vehicles op­
erating on the business routes vs those traveling on the freeway bypasses. These data 
were collected in March 1963 and is the primary source of information utilized in this 
report. 

On the Seattle-Tacoma test site, fuel consumption, travel time and delay were ob­
served on the old route under a wide variety of traffic volume conditions and on week­
days as well as weekends. 

The unopened freeway route was utilized for calibrating the fuel consumption of the 
test vehicles for a range of constant speeds. This calibration is necessary for future 
comparison with similar vehicles to be utilized during the after portion of the study. 
Data were not collected using the average car method on the freeway route, because the 
speed of operation was at the discretion of the driver, and was not affecteclby traffic 
volume. However, a license check method was used to determine the actual travel time 
(overall speed) of various types of vehicles (Appendix B). This speed data can be used 
with the vehicle calibration curves to determine the fuel consumption. Data was again 
collected on the old route to evaluate the traffic service relief. 

Fuel Consumption 

Fuel consumption was measured by two methods in these series of tests. The fuel 
meter model FM 200 was utilized for measuring the fuel consumption of the passenger 
cars, whereas the burette board method was utilized on the trucks. Although the FM 
200 meter is considered to be more accurate for instantaneous readings enroute, only 
one such meter was available. The burette boards were used so that data from two ve­
hicles could be recorded simultaneously. Figure 4 shows typical installations of the 
FM 200 meter and the burette board and Figure 5 shows the FM 201 digital counter unit 
of the FM 200 fuel meter. More details of these metering devices are contained in Ap­
pendix C. 

Both fuel metering devices utilized a fuel temperature gage for making a temperature 
correction to a standard 68 F. A calibration constant of 1529. 3 counts per gal, valid 
for a wide range of flow rates, for converting the counts to gallons was determined in 
the laboratory for the FM 200 meter. The fuel consumption recorded by the burette 
boards was converted from milliliters to gallons. 

The frequency of recording the fuel consumption enroute is predicated on the volume 
of fuel required to traverse the section so that sufficient quantity is observed to obtain 
reliable accuracy. The frequency of fuel observations was generally less than the travel 
time observations. 

Travel Time Measurements 

Two stop watches were used to measure the travel time along the route while utilizing 
the FM 200 fuel meter. These watches could be read to 0. 01 min. One watch was stop­
ped while the other was simultaneously started so that incremental times between check­
points could be determined (Fig. 5). fu using the burette board for measuring fuel con­
sumption it was necessary to record accumulated travel time because the observer was 
occupied with switching the valves on the fuel meter at the checkpoint. An additional 
stop watch was utilized for measuring the delay time (any time the vehicle was stopped 
or traveling at less than 5 mph). As an overall check the driver operated a total route 
stop watch which was started at the beginning of a test route and stopped at the end for 
comparing with the accumulated observed travel time (Fig. 5, Appendix D). 

Distance Measurements 

Routes on the Olympia test site were measured in 0. 01 mi using a calibrated State 
highway department vehicle. All other routes were measured to 0. 001 of a mile with a 
calibrated fifth wheel attachment (Fig. 5). 



Typical FM 200 Fuel Meter Installation 

Typical Surette Installation . 

Typical Nitrogen Bottle 

Installation - Used With 

FM 200. 

Figure 4. Fuel meter installations . 



Typical Driver's Watch Installation. 

Typical Fifth Wheel 
Installation . . 

Observers Watches on Doto Recording 

Boord. Note FM 201 Digital Counter. 

Fifth Wheel With Survey Odometer Head. 

Figure 5, Watch and fifth wheel installations. 
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Traffic Volume 

Traffic volume data was recorded by the Highway Planning Division for both test sites. 
The data collected in 1958, 1959 and 1963 were not always taken at identical locations; 
therefore, there can be no direct comparison of the traffic volume section by section 
along the routes. This lack of control of the data has made it more difficult to make a 
complete evaluation of total benefits and, therefore, those presented in this report are 
for a single vehicle trip. 

In general, the traffic volume was recorded on automatic recording traffic counters 
by 15 min intervals. The data for the Seattle-Tacoma freeway route is more complete 
and, therefore, is utilized in the detailed analysis of the relationship of volume to the 
other variables. 

ANALYSIS OF THE DATA 

All data collected, including fuel in counts or milliliters, travel time in minutes and 
traffic volume as recorded by the automatic recording counters, were processed on 
punch cards for electronic computer calculations. A computer program was prepared 
for making the necessary corrections to the measured fuel to adjust for fuel tempera­
ture and for calibration (Appendix C). The program required the distance between fuel 
checkpoints so that calculations could be tabulated not only for the total fuel in gallons, 
but also the gallons per mile and the miles per gallon. The program converted the 
travel time into overall speed, running speed, number of delays and delay time. 

The traffic volume data for the Seattle-Tacoma test site were keypunched directly 
from recording counter tapes and a program was written to convert accumulated vol­
umes to 15-min incremental volumes. The program was expanded to include the 24-hr 
total and also any comments indicating possible sources of error that had been noted on 
the counter tapes. 

The two computer programs have not been interrelated due to some deficiencies in 
volume data resulting from counter malfunctions. Volume data were extracted manually 
from computer output for analysis or data plotting of fuel consumption, speed or travel 
time vs volume. 

Route Savings in Fuel, Travel Time and Distance 

The computer calculation of the fuel and travel time data was prepared for printout 
in such a way that each section of each route could be tabulated separately. The fuel 
and travel time consumed from checkpoint to checkpoint for the business routes were 
averaged and then weighted for traffic volume during the peak periods and off-peak 
periods and the accumulated fuel and travel time were calculated and plotted for the 
business and freeway routes bypassing Olympia. In addition, this plot also represents 
any savings in distance which should be considered in conjunction with time and fuel 
consumption savings. Figures 6 and 7 represent the directional savings derived from 
the US 99 bypass. The fuel and travel time savings resulting from the research were 
converted to economic benefits using values of time and fuel recommended by AASHO 
(1). These results are given in Table 1 for all three bypass routes. 
- An analysis of the savings and economic benefits of four of the five vehicle types 
traveling on the Seattle-Tacoma Freeway route is presented in Table 2. The values 
of fuel and travel time are considered accurate because the sample size varies in nearly 
the same proportion as the traffic volume and, therefore, a simple arithmetic average 
value can be calculated. The freeway average overall speed was obtained from Appen­
dix B. Figures 8 and 9 were utilized for obtaining the directional fuel consumption con­
sistent with the overall speed converted from the license check travel time. The com­
parison results in an economic benefit per round trip for a passenger car of -$0. 0333 
for fuel and+ $0. 2042 for travel time or a total benefit of + $0. 1709. 

The total of travel time and fuel economic benefits range from + $0. 0578 for the pick­
up to + $0. 2705 for the diesel tractor and trailer for a northbound trip. 

An analysis was also made of the benefits derived by those still using the old route . 
Data collected with the standard passenger car reveal an average fuel consumption of 
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0. 7967 gal N. B. and 0. 6941 gal S. B., and an average travel time of 17. 926 min N. B. 
an<l lfi. 780 min 8, R .. C:ompariRon of these values with those given in Table 2 (Old 
Route Before) shows a combined economic benefit of +$0. 0418 for a round trip. The 
benefit in travel time wouid be + $0. 0463 and in fuel -$0. 0045. 

Traffic Volume Adjustment of Observations 

Considerable analysis was performed to determine the proper weighting of fuel con­
sistent with traffic volume conditions. In selecting the sample size for making the ob­
servations for the Olympia bypass study it was necessary to secure a greater number 
of observations during peak hour traffic conditions than cj,uring the other hours of the 
day in order to obtain a sample large enough for calculating a statistically accurate 
average. However, these values could not be summed and a simple average taken, be­
cause the size of the sample during the peak hour would determine the amount of weight­
ing of these observations. To establish the need to weight the observations, the follow­
ing analysis was conducted for the US 99 business route through Olympia: 

1. The hourly volume variation at each counter location was reviewed to determine 
the peak traffic volume period of 1 hr in the morning and 1 hr in the evening. 

2. Fuel and travel time values during each of the peak periods and the off-peak time 
were averaged separately. 

3. The three averaged values for fuel and travel time were multiplied by the per­
cent of volume traveling during the corresponding period in each section along the route. 
The sum of these three products represents the true average daily fuel or travel time 
consumption for each section along the route. The total of these values represents the 
true volume weighted weekday average for the route (Appendix E). 

4. The preceding method is used for each of the sections of the route and is plotted 
as a horizontal line representing the true volume weighted average value for each sec­
tion and the route (Fig. 10). 

5. The average of all recorded values, regardless of the time of day, was then 
calculated for each section and plotted as a percent of the true volume weighted average 
value (Fig. 10). This method can be considered an average weighted in relation to the 
sample size during the three time periods. The possible error in the average may be 
as great as +3. 947 percent for one section, but the route error would be only +l. 121 
percent. Although the error is small the true method is recommended unless the sam­
ple size is proportionate to the traffic volume, as in the case of the Seattle-Tacoma test 
section. The volume weighting method has been used only for the US 99 Olympia bypass 
route. 

An unweighted value might be considered to be the simple average of all runs made 
in one day (Fig. 10). 

The variation of travel time and fuel values with corresponding volumes throughout 
the day are presented in Figure 11. 

Overall Speed as Level of Service 

Overall speed has been utilized in the past, and is verified in this report, as a reli­
able method of portraying a level of service along a route. The overall speed is cal­
culated from the travel time but generally travel time is not utilized as an indicator of 
the point-to-point level of service, By utilizing overall speed, all unequal length sec­
tions along a route are standardized for comparison. The overall speeds for the US 99 
Olympia bypass and business routes for 1963 are shown in Figures 12 and 13. In addi­
tion, the level of service by overall speed is also indicated in Figures 14 and 15 for the 
US 99 business route in 1958 before, and 1959 immediately after on both the business 
and freeway routes, utilizing different checkpoints than the 1963 study. 

Delay as Level of Service 

In utilizing overall speed as a level of service it is a misinterpretation to consider 
that a drop in the overall speed is directly associated with a reduction in level of ser-
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vice. In some instances the reduction in the overall speed is still an acceptable level 
of service, particularly when traversing from a suburban area to a downtown area. Of 
more significance in the downtown area is the amount of delay or the difference between 
the overall and the running speeds. 

The magnitude of the spread between the overall and the running speeds indicates to 
some indi victuals the potential of a deficiency in level of service. However, to others 
it is more desirable to indicate the location of delay, the number of delays and the length 
of time of each. Figures 12 and 13 show a difference between operating and running 
speeds which could be the result of one long delay or numerous short delays. Both are 
a source of irritation to the driving public; however, the number of stops causes more 
reaction from the driver and at the same time creates additional wear on the vehicle 
which is not immediately apparent to the driver. Figure 16 shows the number of delays, 
total delay and average delay for a typical test run on the Olympia US 99 business route 
in 1963. 

Traffic Volume Relief 

Many studies have utilized traffic volume counts for an evaluation of one route vs 
another or for before and after studies. It is logical to assume that the level of service 
could be raised if traffic volume is decreased. Until such time as a definite relationship 
can be established between traffic volume and road user costs, traffic volume should 
only be considered as an indicator of relief. For the Olympia bypass study, directional 
daily volume variations are indicated for 1958, 1959 and 1963 at comparable locations 
(Figs. 17 through 20). The hourly volume variation for these same years on the busi­
ness route is shown in Figures 21 through 24 and the daily volume relief along the US 
99 business route is indicated in Figures 25 and 26. These figures show that there has 
been a definite reduction in the level of traffic volume on the Olympia US 99 business 
route; this can be attributed to the opening of the freeway bypass. It can also be seen 
that during the peak hour in 1958 the level of traffic volume was considerably greater 
than that observed in 1963. 
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Figure 16. Example of total delay, number of delays and average delay for standard pas­
senger car on Olympia US 99 business route (S-E) in 1963. 
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Figure 27 illustrates preliminary results of fuel consumption in gallons per mile with 
corresponding overall speed as observed on the old route of US 99 between Seattle and 
Tacoma. Both before and after fuel rates are shown, as well as the rate at constant 
speed on the freeway section, for a standard passenger car. A wider variation may be 
expected in the fuel rates for the old section with traffic volume and signals interfering 
with the traffic flow along the route. A manual fit of curves to the data shows curves 
on the old section similar to the freeway data at constant speed. This figure also shows 
the range of speed observed with the after values within a narrower speed range. 

Traffic Volume vs Fuel and Overall Speed 

Ideally the economic variables of fuel and travel time (overall speed) should be re­
lated to traffic volume. A more comprehensive analysis might develop a family of cur­
ves for highway types. A sample of this relationship for a standard V8 passenger car 
operating on the old US 99 route between Tacoma and Midway, a 4-lane undivided sub­
urban major arterial, is represented in Figure 28. From such a relationship it would 
be relatively simple to calculate the total fuel and travel time on an existing facility if 
the traffic volume is known. Additional research is necessary to determine to what 
degree traffic volume data is required on existing facilities and also planned facilities. 
If 15-min or hourly volumes are necessary, the problem of predicting fuel and travel 
time on planned facilities is more complex. The data presented in Figure 28are actually 
the best data collected in this study. Greater control of the accuracy of volume count­
ing is considered necessary to develop more reliable curve data. 

Cost of Operation at Various Speeds 

Accident costs are a major portion of the total cost of operation; however, it was not 
within the scope of this research to collect and analyze such data. Only total time and 
fuel costs (1) are presented in this report. The US 99 freeway between Tacoma and 
Midway is utilized in this example for test vehicles ranging from a standard passenger 
car to a tractor and trailer unit. Time cost is an asymptotic function of speed and fuel 
costs are obtained from Figure 9. The total cost curve is the addition of the fuel and 
time curves. Figure 29 shows an optimum speed (maximum benefit) of 70 mph for the 
standard passenger car and 55 mph for the tractor and trailer, but with a much narrow­
er range of operation. 

Additional research on other types of facilities may provide a realistic means of 
evaluating the proper speed level. 
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ANALYSIS OF SPEED, FUEL, TRAVEL TIME , VOLUME 
RELATIONSHIPS AND COSTS 

This research study has substantiated previous results and has presented new rela­
tionships as outlined in the following: 

Fuel fo Gallons per Mile vs Speed 

From previous studies by the research group it has been definitely determined that 
there can be consistent relationships developed between fuel consumption and constant 
speed of operation. For the Seattle- Tacoma freeway s tudy, the new section was utiliz­
ed for running constant speeds and obser ving the corresponding fuel consumption (Figs. 
8, 9). The section wa s basically an uphill route in a northbound direction and downhill 
in the southbound direction. The total amount of rise is 606. 84 ft northbound and 318. 68 
ft southbound. It should be kept in mind that this overall speed is constant and the ve­
hicles are operated on an open section of freeway where traffic volume and control de­
vices are not a factor. The general shape of these curves indicates that as the vehicle 
size increases, the curve becomes more U-shaped, with the optimum fuel consumption 
at a speed of about 40 mph for the larger truck. However, the passenger cars operate 
most efficiently at low speeds. These characteristics should be recognized in evaluat­
ing the difference in fuel consumption on a freeway at speeds of 60 to 70 mph vs speeds 
of 20 to 25 mph on a business route. In such cases the savings in time may be consider­
able, whereas the savings in fuel would be a negative quantity, as previously illustrated 
for the Seattle-Tacoma study. 

Fuel in Gallons per Mile vs Observed Overall Speed 

Vehicles on highway facilities, except freeways or highways without impeding traffic 
control devices and with low traffic volume do not all travel at uniform rates of speed. 
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Figure 28. Relationship of fuel and travel time to traffic volume for standard passen­
ger car on 4-lane suburban major arterial, US 99 old route (S-N). 
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Appendix C 

FUEL METERING DEVICES 

The FM 200 (2) is a volumetric measuring device that separates out vapor so that 
only liquid is measured. During calibration at 71 F and measuring a quantity of 500 
ml, the meter maintained a constant number of counts over a very large fuel flow range. 
The calibration was performed in a fuel lab using a 500 ml burette to obtain the cali­
bration constant. The flow rate was controlled by a valve and fuel pressure was pro­
vided by an electric fuel pump. By means of the calibration constant counts could be 
converted to gallons by the following equations: 

in which 

Fe = 

Fo = 

To = 

Ce = 

Cc = 
No = 

corrected fuel, ml; 

observed fuel, ml; 

No 
= - X 3785.4 

Fe 

observed fuel temperature, F· 
' 

fuel expansion coefficient at 1 F; 

calibration constant, counts/gal; and 

number of counts observed. 

(1) 

(2) 

Eq. 1 is used to correct the fuel volume measured to a standard temperature of 68 F; 
using this corrected volume, Eq. 2 converts counts per milliliters to counts per gallon. 
A component part of the FM 200 is a digital counter operating from the vehicle electri­
cal power supply. The counter can be brought to zero or turned on and off at will. For 
electrical continuity the FM 200 meter and the counter must be connected as they are 
wired in series. This is essential because the FM 200 requires electrical power to 
operate solenoids which position the metering valve. 

The burette board (3) is a volumetric measuring device that reads directly in mill­
iliters. This device requires no calibration but presents a problem of accurate read­
ings while the vehicle is accelerating because the level of the liquid surface in the buret­
te and its corresponding reading in the calibrated tubes (Fig. 4) vary. To obtain ac­
curate readings the drivers must avoid accelerations and decelerations while passing 
fuel recording points. Although this was a restriction to the drivers' normal habits 
the distances concerned were insignificant in comparison to the route distances. Be­
cause vapor is vented to the atmosphere, only liquid is measured. The conversion con­
stant of 3785. 4 ml per gal was used to convert the fuel consumed after it had been ad­
justed for temperature. 

Operation of the burette board requires the use of both hands because two valves are 
operated in rapid succession. First the burette that is being drawn from is turned off, 
then the next burette is turned on. The operation of the burette board type of meter re­
quires very close attention, because it is possible to obtain false readings if the valves 
are not manipulated correctly. 

The temperature gage used with the meters was a dial reading immersion type that 
read in degrees F. Temperature was recorded at the outlet on the engine side of the 
meters. Care was used to mount the temperature gage clear of the engine radiator 
when using the FM 200 to avoid errors caused by the heated air flow from the radiator. 
With the FM 200, the fuel temperature was recorded only at the beginning and end of 
the test runs. The installation with the burette board was the same as shown in Figure 
4 and allowed fuel readings throughout the entire run. 
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Appendix D 

TRAVEL TIME COLLECTION 

The stopwatches as used with the FM 200 (Fig. 5) were mounted on the data record­
ing board with the section time watches side by side so that they could be started and 
stopped simultaneously. The delay watch was mounted on the opposite side of the board 
to decrease the chance of observer error during recording. The driver's watch was 
mounted in the center of the steering wheel with the start button up for ease of opera­
tion. 

When using the burette meters the driver's watch was mounted as with the FM 200, 
whereas the observer had only the delay watch mounted on the data recording board. 
The accumulative time watch was mounted on the burette board in a position for easy 
observation while operating the burette valves. At the beginning of the run the valve 
to the engine was closed at the same instant that the watch was started; then the valve 
to the first burette was opened. The slight delay in opening the burette valve made no 
difference in the fuel used during the first section. The time was then allowed to ac­
cumulate as the valves were operated at each additional checkpoint. 
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Appendix E 

VOLUME WEIGHTING PROCEDURES 

The following tables based on the 1963 study of US 99 business route (E-S) in Olym­
pia, show the procedure used to adjust the sample size weighted peak averages, using 
the actual percent volume to obtain the volume weighted average. 

Sect. Avg. 
Fuel 

1-2 0.1802 
2-3 0.0666 
3-4 0.0048 
4-5 0.0614 
5-6 o. 1026 
6-7 0. 1208 

Count Locationa 

No. 27 
State St. between Washington and 

Franklin 
No. 7 

aSee Figure 1. 

Section Affected 

1 to 2 
2 to 3 
3 to 4 
4 to 5 
5 to 6 
6 to 7 

PERCENTAGE OF ADT AT VARIOUS 
COUNT LOCATIONS 

Location 

No. 27 
State 
No. 7 

AM Peak 

6.97 
8.33 
7.50 

PM Peak 

9.34 
7.44 

15.23 

FUEL WEIGHTING 

Off-Peak 

83. 69 
84.23 
77.27 

AM Peak PM Peak 

Vol. Avg. Vol. Avg. 
Factor Product Fuel Factor Product 

Fuel 

0.0697 0. 0126 0. 1752 0.0934 0.0164 0.1714 
0."0833 0.0055 0.0644 0.0744 0.0048 0.0633 
0.0833 0.0004 0. 0100 0.0744 0.0007 0.0077 
Q.0750 0.0046 0. 0706 o. 1523 0.0108 0.0634 
0.0750 0.0077 0. 1004 o. 1523 0.0153 o. 0926 
0.0750 0,0091 0. 1128 0, 1523 0,0172 0, 1143 

SUMMATION OF WEIGHTED VALUES 

Section AM Peak PM Peak Off-Peak Total 

1-2 0. 0126 0.0164 0. 1434 0. 1724 
2-3 0.0055 0.0048 0.0533 0.0636 
3-4 0.0004 0.007 0.0065 0.0076 
4-5 0.0046 o. 0108 0.0490 0.0644 
5-6 0.0077 0.0153 0.0716 o. 946 
6-7 0.0091 0.0172 0.0883 o. 1146 

Total 0.5172 

Off-Peak 

Vol. 
Factor 

Product 

o. 8369 0. 1434 
0.8423 0. 0533 
0.8423 0.0065 
o. 7727 0.0490 
0. 7727 0. 0716 
0. 7727 0. 0883 




