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ABSTRACT

Thi s docunent reports on both the nethodol ogy used to anal yze
the data fromreal-tinme diurnal (RTD) tests on 270 vehicles and on
the results obtained fromthose anal yses. The purpose of the
analysis is to develop a proposal for a nodel of the hourly
diurnal (and interrupted diurnal) em ssions of the in-use fleet.
Since this draft report is a proposal, its anal yses and
concl usi ons may change to reflect comments, suggestions, and new
dat a.

Pl ease note that EPA is seeking any input from stakehol ders
and reviewers that mght aid us in nodeling any aspect of resting
| oss or diurnal evaporative em ssions.

Comments on this report and its proposed use in MOBI LE6
shoul d be sent to the attention of Larry Landman. Comments nmay be
submtted electronically to nobil e@pa.gov, or by fax to (734)
214-7939, or by mail to "MOBILE6 Review Corments”, US EPA
Assessnent and Model ing D vision, 2565 Plynouth Road, Ann Arbor,

M  48105. El ectronic subm ssion of comments is preferred. In
your comments, please note clearly the docunent that you are
commenting on, including the report title and the code nunber
listed. Please be sure to include your nane, address,
affiliation, and any other pertinent information.

Thi s docunent is being released and posted on May 20, 1998.
Comments will be accepted for sixty (60) days, ending July 18,
1998. EPA will then review and consider all comrents received and
wi |l provide a sunmary of those comments, and how we are
respondi ng to them
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Modeling Hourly Diurnal Em ssions
and Interrupted D urnal Em ssions
Based on Real -Tine Diurnal Data

Report Nunber M. EVP. 002

Larry C. Landman
U S. EPA Assessnent and Model ing D vision

1.0 Introduction

In a recently rel eased draft report (entitled "Eval uating
Resting Loss and Diurnal Evaporative Em ssions Using RID Tests,"
originally nunbered M. RTD. 001 and then renunbered as M. EVP. 001),
t he Environnmental Protection Agency (EPA) presented a nodel for
estimating resting | oss and diurnal em ssions over the course of a
full day (i.e., 24 hours). (The diurnal em ssions are the
pressure-driven evaporative HC em ssions resulting fromthe daily
increase in tenperature, while the resting | oss em ssions are the
evaporative HC emi ssions not related to pressure changes.) These
estimates were based on the results of 24-hour real-tine diurnal
(RTD) tests during which the anbient tenperature cycles over one
of three simlar 24-degree Fahrenheit ranges. The three anbient
tenmperatures cycles used in those RTD tests are illustrated bel ow

Figure 1-1

Nom nal RTD Tenperature Cycles
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in Figure 1-1; however, nost of the testing was perfornmed using
the 72 to 96 degree cycle. (Many of RTD tests were actually
performed for periods of nore than 24 hours. The results after
t he 24-hour point are analyzed in M. EVP. 003, "Milti-Day
Diurnals.™)

As illustrated in the preceding figure, these three
tenmperature cycles are parallel (i.e., have identical hourly
i ncreases/ decreases). The tenperature profiles used in all of the
RTD tests have the anbient tenperature rising gradually fromthe
daily low tenperature to the daily high tenperature nine hours
later. After which, the anbient slowy returns to the daily | ow
tenperature over the course of the remaining 15 hours. The three
hourly tenperature cycles used in this study are given in Appendi X
A.  The nost rapid increase in tenperatures occurs during the
fourth hour. For RID tests that exceed 24 hours, the cycle is
sinply repeated. Estimating the effects of alternate tenperature
profiles is discussed in Section 8.1.

The cunul ati ve hydrocarbon (HC) em ssions were neasured and
reported hourly. Subtracting successive cumnul ative results
produces the hourly em ssions. However, using the hourly
em ssions requires associating a clock tine with each test hour.
The RTD test is nodel ed after a proposal by CGeneral Mtors (GY).
(GM's proposal is docunented in SAE Papers Nunmbered 891121 and
901110.) The cycle suggested by GMhad its m ni mumtenperature
occurring at 5 AMand its maxi rumtenperature at 2 PM For
MOBI LE5, EPA anal yzed 20-year averaged hourly tenperatures by
nonth from Pittsburgh on high ozone days. EPA found that the
m nimum daily tenperature typically occurred at 6 and 7 AM while
the maximumdaily tenperature typically occurred at 3 to 5 PM For
MOBI LE6, EPA proposes to conbine the GM and MOBILE5 tinme estimates
and use (as a default) the daily | ow tenperature occurring at 6 AM
and the daily high tenperature occurring at 3 PM

In the previous report, EPA proposed a nmethod for estinmating
resting loss and diurnal em ssions on a daily basis. In this
report, EPA proposes a nethod for estimating resting | oss and
diurnal emssions on an hourly basis. And then, using those
hourly estimates EPA proposes a nethod to cal cul ate the diurnal
em ssions that take place over periods of |ess than 24 hours.

Thi s docunent reports both on the nethodol ogy used to anal yze

the data fromthese RID tests and on the results obtai ned from
t hose anal yses.

2.0 Stratifying the Test Fleet

The test data used for these anal yses are the sane data used
in the aforenenti oned EPA draft report (M. EVP.001 which has been
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renunbered as M6. EVP.001). The data were obtai ned by conbi ning
RTD tests perforned on 270 vehicles tested by the Coordi nating

Research Council (CRC) and EPA in separate prograns. The
distribution of the fleet is given in Table 2-1.

Table 2-1

Distribution of Test Vehicles

Vehicle Type Program | Cars | Trucks
Pre-80 Carbureted CRC 38 13
EPA 4 2
80-85 Carbureted CRC 0 47
EPA 13 5
80-85 Fuel Injected CRC 0 3
EPA 9 0
86-95 Carbureted CRC 0 7
EPA 8 0
86-95 Fuel Injected CRC 0 43
EPA 67 11

In that previous draft report, EPA noted that the resting
| oss and diurnal em ssions fromvehicles classified as gross
l'iquid | eakers (vehicles identified as having substantial |eaks of
liquid gasoline, as opposed to sinply vapor |eaks) are
significantly different fromthose of the remaining vehicles.
Based on that observation, the analyses in that previous report
were perfornmed separately for those two groups. That separation
of anal yses will be continued throughout this report.

The two testing paraneters in the EPA prograns that were
found (in Ms. EVP.001) to affect the RTD test results are:
* the Reid vapor pressure (RVP) of the test fuel and
» the tenperature cycle.
Simlarly, the two vehicle paraneters that were found to affect
the RTD test results are:
» the nodel year range:

1) 1971 through 1979
2) 1980 through 1985
3) 1986 through 1995

* the fuel delivery system

1) carbureted (Carb) or
2) fuel-injected (FI).
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Al so, since many of the vehicles were recruited based on the
pass/fail results of two screening tests (i.e., canister purge
nmeasured during a four-mnute transient test and pressurizing the
fuel systemusing the tank Iines to the canister), each of those
resulting stratumwas further divided into the follow ng three
substrat a:

» vehicles that passed both the purge and pressure tests,

* vehicles that failed the purge test, but passed the
pressure test, and

* vehicles that failed the pressure test (including both
the vehicles that passed the purge test as well as those
that failed the purge test).”

2.1 Evaluating Untested Strata

As noted in M. EVP. 001, no pre-1980 nodel year, FI vehicles
were recruited because of the snmall nunbers of those vehicles in
the in-use fl eet.

Since the FI vehicles lack a carburetor bow, they also | ack
t he evaporative em ssions associated with that. This suggests
that the resting loss and diurnal em ssions of the pre-1980 F
vehicles are likely to be no higher than the correspondi ng
em ssions of the pre-1980 carbureted vehicles. For MBI LE6, EPA
proposes to estinmate the RTD em ssions of the (untested) pre-1980
FI vehicles with the correspondi ng em ssions of the pre-1980
carbureted vehicles. This should be a safe assunption since any
actual differences between these strata shoul d be bal anced by the
relatively small nunber of these FI vehicles in the in-use fleet.

3.0 Evaporative Em ssions Represented by the RTD Test

As described in M6. EVP. 001, the results fromthe real-tine
diurnal (RTD) tests can be used to nodel the foll ow ng two
categori es of evaporative em ssions:

1) "Resting | oss" em ssions are al ways present and
relatively weakly related to the anbient tenperature
(see Section 7.1 of M. EVP. 001) as opposed to diurnal
em ssions which are related to the rise in tenperature.

That report calculated the hourly resting | oss em ssions
to be the nean of the RTD em ssions from hours 19
t hrough 24 at the nom nal tenperature for hour 24.

For only one of the fuel delivery systenf nodel year range groupings (i.e.,
pre-1980 carbureted vehicles) was there sufficient data to distinguish
between the vehicles that failed both the purge and pressure tests and
those that failed only the pressure test. Therefore, these two substrata
were conbined into a single ("fail pressure") stratum
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2) "Diurnal™ em ssions are the pressure-driven em ssions
resulting fromthe daily increase in tenperature
(Section 7.2 of M. EVP. 001).

The 24-hour diurnal em ssions were cal cul ated by first
adjusting the resting | oss value for each hour's anbi ent
tenperature, and then subtracting that tenperature-
adjusted resting loss estimate fromthe full 24-hour RTD
test results.

A speci al case of each of these two categories consists of
em ssions fromvehicles that have significant |eaks of liquid
gasoline. As a functional definition, we defined these "gross
[iquid | eakers"” to be vehicles whose resting | oss em ssions
exceeded two grans per hour. As stated in Section 2, these "gross
[iquid | eakers” were anal yzed separately fromthe other vehicles.
Alternative definitions of these "gross liquid | eakers” are
possi bl e; however, with each such new definition, a new frequency
distribution and nmean em ssion val ue woul d have to be determ ned.

The following graph (Figure 3-1) is an exanple of hourly RTD
em ssions for vehicles that were not gross |liquid | eakers. For
that graph, we averaged the RID hourly results from69 1986-and-
newer nodel year, FI vehicles that had passed both the purge and
pressure tests, all tested over the 72° to 96° cycle fueled with a

Figure 3-1
An Example of Hourly RTD Em ssions
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6.8 RVP gasoline. W then plotted the calculated hourly resting
| oss and di urnal em ssions.

The preceding graph is representative of the hourly resting

| oss and diurnal em ssions of the nmean of a single stratum Each
conbi nati on of the followi ng five paraneters (previously discussed
in Section 2.0) can produce a different graph:

e the nodel year range,

e the fuel delivery system
the RVP of the test fuel
e the tenperature cycle, and
* the results of the purge and pressure tests.

I n the database used for these anal yses, there are:
« five conbinations of fuel delivery systemand nodel year
range,
e six conbinations of tenperature cycle and fuel RVP, and

e three conbinations of results of the purge and pressure
tests.

Therefore, using the avail able data, we could theoretically
construct al nost 90 such graphs. (Actually, there are only 86
graphs for which there are any data, of which 58 are based on the
average of no nore than four RTD tests.) An alternative approach,
involving a single graph is discussed in the follow ng section.

4.0 Hourly Diurnal Em ssions

4.1 Characterizing Hourly Diurnal Emssions by Strata

Diurnal em ssions (either on a daily or hourly basis) can
vary substantially anong vehicles within a single stratum and nore
so anong different strata. In an attenpt to normalize the hourly
diurnal em ssions, we calculated the percentage of the full (i.e.
total 24-hour) diurnal emssions that is emtted each hour.

G aphi ng these percentages of hourly diurnal em ssions agai nst
time seened to pictorially produce very consistent results anbng
the various strata, suggesting that averaging the hourly
percentage of daily diurnal em ssions (across all of the tested
strata) woul d produce a representative result.

To test our hypotheses that the percent of daily diurnal
emtted hourly was independent of vehicle and test parameters, we
coded the RTD results to distingui sh anong:

* vehicle types (i.e., cars versus trucks),
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« nodel year ranges,

o fuel delivery system(i.e., carbureted versus Fl),
e pressure test results (i.e., pass versus fail),

* tenperature cycle, and

* RVP of the test fuel.

This coding resulted in dividing the hourly results on 684 RTD
tests into 138 strata (many of themw th only one or two tests).
Wthin each of those strata, we averaged the cal cul ated di urnal
em ssions for each of the first 19 hours. (W had previously
defi ned the average RTD em ssions fromhours 19 through 24 to be
the resting | oss emssions. Therefore, the cal cul ated di urnal

em ssions was zero for hour 19.) W then regressed that hourly
percentage of the full diurnal's em ssion against those six coded
vari abl es plus four other variables related to the hourly
tenperature change, the total tenperature change since the start
of the test, and products of those tenperature changes. The
result of that regression analysis is given (on the foll ow ng
page) as Table 4-1. The analysis indicates that none of those six
vehicle and test paranmeters is statistically significant (at any
| evel of significance) in estimating the hourly percentage of
diurnal em ssions. Additionally, the correlation coefficients
were cal cul ated, and they were all zero confirmng the |ack of
signi ficance of those six variables.

Since the possibility existed that our analysis was skewed
because we had applied equal weighting to each of those 138 test
groupi ng even t hough sone were represented by as many as 39 test
whil e nost were represented by only a fewtests. Therefore, the
regression analysis was repeated but restricting the sanple to
only those test strata containing at |east four tests (reducing
the analysis to only 40 strata), at |least six tests (reducing the
analysis to only 26 strata), and at |east 10 tests (reducing the
analysis to only 22 strata). |In every case, those sane six
vari ables were determned to be statistically not significant.

W, therefore, proceeded with calculating a (representative)
hourly percentage of diurnal emssions for all vehicles that are
not gross liquid | eakers by averaging the individual hourly
percentages. (Goss liquid |eakers will be analyzed separately.)
Table 4-2 is a listing of those resulting percentages in tabular
form

Later in the report (Section 6.1), we will repeat the
regression analysis using the tenperature variables fromthis
anal ysis and the hourly averages from Tabl e 4-2.
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Table 4-1
Regression of Diurnal Em ssions
(Vehicles Other Than Gross Liquid Leakers)
Dependent variable is: Percent of 24-Hour Diurnal
No Selector
2736 total cases of which 114 are missing
R squared = 49.9% R squared (adjusted) = 49.7%
s = 0.0431 with 2622 - 11 = 2611 degrees of freedom
Source Sum of Squares df Mean Square F-ratio
Regression 4.82643 10 0.482643 260
Residual 4.85250 2611 0.001858
Variable Coefficient s.e. of Coeff t-ratio prob
Constant 0.028265 0.0105 2.69 0.0072
Fuel RVP 0.000000 0.0007 0.000 1.0000
Hourly 0.000986 0.0008 1.19 0.2328
Temperature
Change
Total -0.002850 0.0005 -5.64 0.0001
Temperature
Change
Hourly*Total 0.000635 0.0000 11.0 0.0001
Temperature
Changes
Square of Total 0.000241 0.0000 13.1 0.0001
Temperature
Change
Car vs Truck 0.000000 0.0018 0.000 1.0000
Model Year 0.000000 0.0014 0.000 1.0000
Range
Carbureted vs 0.000000 0.0021 0.000 1.0000
Fl
Pressure Test 0.000000 0.0018 0.000 1.0000
Temperature 0.000000 0.0001 0.000 1.0000
Cycle

Presenting the data from T Table 4-2 in a bar chart fornat

yields Figure 4-1 (on the foll owi ng page).
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Table 4-2
Distribution of Fleet Hourly Diurnal Em ssions
(Hourly Em ssions as Percent of 24-Hour Diurnal)
Hour Time of Day Emissions Hour Time of Day Emissions
1 6-7AM 1.89% 13 6-7PM 2.09%
2 7-8AM 2.45% 14 7-8PM 1.32%
3 8 -9 AM 5.13% 15 8 -9PM 0.75%
4 9 -10 AM 8.36% 16 9 - 10 PM 0.53%
5 10 - 11 AM 11.24% 17 10 - 11 PM 0.35%
6 11 AM - Noon 13.78% 18 | 11 PM - Midnight 0.26%
7 Noon - 1 PM 14.93% 19 Midnight - 1 AM 0%
8 1-2PM 13.08% 20 1-2AM 0%
9 2 -3PM 9.85% 21 2 -3 AM 0%
10 3-4PM 6.69% 22 3-4AM 0 %
11 4 -5PM 4.31% 23 4 -5AM 0 %
12 5-6 PM 2.97% 24 5-6 AM 0%
Figure 4-1
Distribution of Fleet Hourly Diurnal Enm ssions
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Fromthe data in Table 4-2 and Figure 4-1, we make the follow ng
observati ons:

. Al t hough the daily anbient tenperatures do not peak
until the end of the ninth hour of the test (i.e., at
3 PV, the average hourly diurnal em ssions peak during
hour seven (fromnoon to 1 PM. That is, the node of
this distribution occurs during the seventh hour.

. The nedian of this distribution occurs during the ninth
hour. That is, the diurnal em ssions that occur
t hrough the first nine hours are approximately half (57
percent) of the full day's diurnal em ssions.

. Al nost 43 percent of the full day's diurnal em ssions
occur in the norning (i.e., between 6 AM and noon).

. Approxi mately 98 percent of the full day's diurna
em ssions occur from6 AMthrough 8 PM (i.e., from hours
one through 14).

. Most (53 percent) of the full day's diurnal em ssions
occur during the four-hour period from10 AM t hr ough
2 PM(i.e., test hours five through eight).

. Al nost 19 percent of the full day's diurnal em ssions
occur during the cool-down period (i.e., test hours 10
t hrough 24).

Wi | e these observations are not used in the follow ng
anal yses, they are useful in gaining a perspective of the
distribution of the diurnal emssions. Al of these observations
are based on data fromtests in which daily tenperature cycled
over a 24-degree range. Oher tenperature cycles are discussed in
Section 8. 1.

4.2 Calculating Hourly Diurnal Em ssions by Strata

In the previous report (M. EVP.001), we devel oped equations
that would predict the full day's diurnal em ssions based on the
RVP of the fuel, on the tenperature cycle, and on the vehicle
groupi ng (fuel delivery system plus nodel year range). |In that
report, we used both the RVP of the fuel and the anbient
tenperature to estinmate the vapor pressure (VP). (The formula
used to estimate VP is given in Appendix B. The VP coincides with
RVP at 100° F.) The VP was then used to create a new paraneter
that was used as the variable on which diurnal em ssions were
cal cul ated. That new paraneter is defined by the forml a:
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(VPHigH - VPLow) * (VPHIGH * VPLoOw) /2
Wher e

VPyeu 1S the VP associated with the day's high
t enper at ure.

VPow 1S the VP associated with the day's | ow
t enper at ure.

For each of the six vehicle groups and each of the three purge /
pressure recruitnent groups, we created an equation that would
nodel the full day's diurnal emssions. (Those equations are
reproduced in Appendi x C.)

Therefore, to estimate the nmean hourly diurnal em ssions,
MBI LE will first use the equations in Appendix Cto estimate the
full day's diurnal emssions, then nultiply that value by the
hourly percentages from Tabl e 4-2.

5.0 Hourly Diurnal Em ssions for Gross Liquid Leakers

In the previous report (M. EVP.001), vehicles classified as
gross liquid | eakers were anal yzed separately fromthe other
vehi cl es due to bot h:

e the order of magnitude difference in resting | oss and
diurnal emssions, as well as,

* the nechani snms that produce those hi gh em ssions.

For these vehicles, the primary source of the evaporative
emssions is the | eakage of liquid (as opposed to gaseous) fuel.
Therefore, we woul d expect the diurnal emssions fromthese
vehicles to be |l ess sensitive to changes in anbient tenperature
than the diurnal em ssions fromvehicles that do not have
significant |eaks of liquid gasoline.

The anal yses in Sections 4.1 and 4.2 were repeated for the
vehicles identified as being gross liquid | eakers. The hourly RTD
results of those test vehicles is given in Appendix D. These
tests indicate that several of the higher emtting vehicles
exhi bited unusually high emssions during the first one or two
hours of the test (relative to their em ssions for the next few
hours). One possible explanation is that during the first two
hours of the RTD test, the analyzer was neasuring gasoline vapors
that resulted fromleaks that occurred prior to the start of the
test. These additional evaporative emssions (if they existed as
hypot hesi zed) woul d have resulted in a higher RTD result than this
vehi cl e woul d actual ly have produced in a 24 hour period. 1In the
| ast colum of Appendix D, we attenpt to conpensate for what
appears to be sinply an artifact of the test procedure. The
nmodi fi ed RTD evaporative em ssions were then converted to diurnals
by assum ng that the hourly resting | oss for these vehicles is
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conpl etely i ndependent of anbient tenperature, subtracting that
amount (8.52 grans per hour) fromeach hour's nodified RTD

em ssions, and then dividing by the total diurnal to yield the
hourly percentages in Table 5-1.

Table 5-1

Di stribution of Hourly Diurnal Em ssions
of Gross Liquid Leakers
(Hourly Em ssions as Percent of 24-Hour Diurnal)

Hour Time of Day Emissions Hour Time of Day Emissions
1 6 -7 AM 1.82% 13 6 -7 PM 4.53%
2 7-8AM 3.64% 14 7 -8 PM 2.99%
3 8 -9 AM 7.27% 15 8 -9 PM 1.95%
4 9 -10 AM 8.63% 16 9 - 10 PM 1.73%
5 10 - 11 AM 9.19% 17 10 - 11 PM 1.48%
6 11 AM - Noon 9.80% 18| 11 PM - Midnight 1.28%
7 Noon - 1 PM 9.64% 19 | Midnight - 1 AM 0%
8 1-2PM 9.61% 20 1-2AM 0%
9 2 -3 PM 7.95% 21 2-3AM 0%

10 3-4PM 7.50% 22 3-4AM 0%
11 4 -5 PM 5.89% 23 4 -5 AM 0%
12 5-6PM 5.09% 24 5-6 AM 0%

A conmparison of the values in Table 5-1 with the
corresponding values in Table 4-2 (or Figure 5-1 with Figure 4-1)
indicates that the distribution of emssions for the gross liquid
| eakers is flatter than for the other vehicles, achieving nost of
the peak value by the third hour (i.e., after a tenperature rise
of approximately ei ght degrees Fahrenheit), and then mnaintains
that high level of emi ssions until the anbient drops to within 15
to 20 degrees of the initial tenperature. This tends to confirm
t he hypothesis that the diurnal em ssions fromvehicles with
significant leaks of liquid gasoline are | ess sensitive to changes
in anbi ent tenperature than the diurnal em ssions from vehicles
that do not have significant |eaks of |iquid gasoline.

W cal cul ated (from Appendi x A) both the hourly change in
tenperature as well as the total change in tenperature for each of
the first 18 hours of the RTD test, and then regressed the diurnal
em ssions from Tabl e 5-1 agai nst those two variables. Fromthis
enpirical (i.e., data driven) approach, we obtain the regression
analysis in Table 5-2.
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Table 5-2

Regression of Diurnal Em ssions
(Gross Liquid Leakers)

Dependent variable is: Percent of 24-Hour Diurnal
No Selector

R squared = 98.0% R squared (adjusted) = 97.8%
s = 0.0048 with 18 - 3 = 15 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 0.017169 2 0.008584 371
Residual 0.000347 15 0.000023
Variable Coefficient s.e. of Coeff t-ratio prob
Constant 0.008958 0.0025 3.62 0.0025
Hourly
Temperature 0.007383 0.0004 17.9 0.0001
Change
Total
Temperature 0.003053 0.0002 20.3 0.0001
Change

Thi s regression anal ysis produces the foll owi ng equation that
predicts hourly diurnal em ssions fromthe sub-fleet of gross
[iquid | eakers:

Hourly Diurnal Emissions (grams of HC)

= 100.29 * [ 0.008958
+ (0.007383 * Hourly_Temperature_Change )
+ ( 0.003053 * Total_Temperature_Change ) ]

If the equation produces a negative value, then zero will be used.

Where 100.29 i s the average 24-hour diurnal for gross liquid

| eakers (from Section 10.2 of M. EVP.001). Omtting the 100.29
produces the estimate of percent of daily diurnal (instead of
actual grans). Gaphing that Iinear equation as a solid line with
a bar chart of data from Table 5-1 yields Figure 5-1.
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Fi gure 5-1

Distribution of Hourly Diurnal En ssions
from Gross Liquid Leakers
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Because the regression fits the data well, EPA proposes to
use that linear equation to estimate for gross liquid | eakers:

* hourly diurnal em ssions,
e interrupted diurnal em ssions, and
o full day's diurnal over different tenperature cycles.

An interrupted diurnal is any diurnal for which the soak
period has been interrupted by a period of vehicle operation.
Using the regression equation that follows Table 5-2 to estinate
the diurnal emssions in that situation is discussed in Section
6. 3.

Al three tenperature cycles in Appendix A are parallel
(i.e., corresponding hourly changes in tenperatures are
identical). Gdven a different tenperature cycle in which all of
the hourly changes in tenperatures are proportional (rather than
identical) to the cycles in Appendi x A then applying the
regression equation that follows Table 5-2 to that cycle yields:

1998
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Total 24-Hour Diurnal Emissions (grams)
= 100.29 * ( 0.2 + ( 0.03333 * Diurnal_Temperature_Range ) )

Where 100.29 is the average 24-hour diurnal for gross liquid
| eakers (from Section 10.2 of M. EVP.001), and where the
Diurnal_Temperature_Range i s the difference of the daily high
tenperature mnus the daily | ow tenperature.

Thi s equation predicts a 24-hour total diurnal em ssion of
20.06 grans for a day during which the tenperatures do not change.
This is not reasonable since diurnal em ssions result fromthe
daily rise in anbient tenperatures. Therefore, EPA proposes to set
the 24-hour diurnal equal to zero for a diurnal tenperature range
of zero degrees Fahrenheit. For diurnal tenperature ranges between
zero and ten degrees Fahrenheit, EPA proposes to cal cul ate the 24-
hour diurnal as increasing linearly fromzero to 53.48 grans (i.e.
the value predicted by the equation for a diurnal tenperature range
of 10 degrees).

6.0 Interrupted Diurnal

Many vehicles do not actually experience a full (i.e., 24-

hour) diurnal. That is, their soak is interrupted by a trip of
sone duration. This results in what this report refers to as an
"interrupted diurnal.” The following exanple illustrates such an

i nterrupted diurnal
6.1 Exanple of an Interrupted Di urnal

For the purpose of this exanple, we will use the type of
vehicle and conditions in Figure 3-1 (i.e., a 1986-95 nodel year
FI vehicle that passes both the purge and pressure tests, that
uses a 6.8 RVP fuel, and where the daily tenperature profile is
the standard 72° to 96° F cycle from Appendi x A). For those
conditions, we will assunme the follow ng vehicle activity:

1. The vehicl e soaks over night.

2. Shortly after 9 AM (corresponding to the fourth hour of
the RTD test), the vehicle is driven (for 15 to 50
m nutes). The vehicle reaches its destination and is
parked by 10 AM (That is, the entire drive takes pl ace
during RTD test hour 4.)

3. The vehicle remai ns parked until the follow ng norning.
The resting | oss em ssions woul d continue throughout the entire

24-hour period of this exanple. However, the other types of
evaporative em ssions would occur for only limted periods.
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1. The first segnment of this exanple (from6 AMthrough 9
AM corresponds to the first three hours of the RTD
test. Therefore, the diurnal em ssions are represented
by the first three hours in Figure 3-1.

2. The evaporati ve em ssions associated with the norning
drive are the "running |oss" em ssions (for that vehicle
stratum fuel RVP, and tenperature cycle) and the
continuing resting | oss em ssions. Thus, the running
| oss em ssions replace the diurnal em ssions for the
fourth hour (from9 AMthrough 10 AM. Due to the
limtations of the activity data (see M. FLT. 006), we
will allocate the entire hour interval (rather than
fractional intervals) to running | oss em ssions even if
the actual drive is much shorter than one hour. (Since
running | oss emssions are calculated as a function of
di stance, rather than of time, this approach will not
change the total running | oss em ssions. Al so, since
MBI LE6 will not report emssions for intervals smaller
t han one hour, this approach will not change the
cal cul ated em ssions.)

3. Wil e the vehicle was being driven, the tenperature in
its fuel tank was gradually rising by about 10 to 30
degrees Fahrenheit®. After the vehicle stops and until
this elevated fuel tenperature drops to becone equa
with the anbient air tenperature, the vehicle will be
experiencing what is referred to as "hot soak"
em ssi ons.

In MOBILES5 (and MOBI LE4.1), EPA determ ned the tine
required to stabilize the tenperatures was two hours.
Therefore, the hot soak em ssions replace the diurna
emssions for the fifth and sixth hours (from 10 AM

t hrough noon). For cal cul ati on purposes, the entire hot
soak em ssions will be credited to the first hour

4. At noon, the hourly diurnal emssion will resunme but in
a nodified formdue to the heating of the fuel that is

*

I n SAE Paper Number 931991 (referenced in Appendi x B), the authors discuss
the increase in tank tenperatures as a function of trip duration. The
data presented in that report (in Table 4) suggest that for trips of over
five minutes in length, fuel tank tenperature increases as a function of
the trip length. A 15 mnute trip would be associated (on average) with
an increase in tank tenperature of about 12 to 13 degrees Fahrenheit. A
30 minute trip would be associated with an increase in tank tenperature of
about 20 degrees Fahrenheit, while a one hour trip would be associated
with an increase in tank tenperature of about 30 degrees Fahrenheit.
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associ ated with the drive. To nodify the hourly diurnal
em ssions, we wll nake the foll ow ng assunptions:

* At the beginning of the driving cycle, the anbient
tenmperature was 80.3° F (from Appendix A), and the
effect of the drive was to increase the fuel tank
tenperature to 95° F (what woul d be expected froma
trip just under 20 mnutes in length). By the end
of the hot soak period (noon), we are assum ng that
the falling fuel tank tenperature will have reached
equilibriumw th the rising anbient tenperature
(whi ch woul d have clinbed to 93.1° F by noon).

e The pressure that is driving these interrupted
diurnal em ssions (starting at noon) results from
the fuel being heated to above the tenperature which
occurred at the end of the hot soak (in this
exanple, 93.1° F). Therefore, had the anbi ent
tenperature not risen above 93.1° F, there would
have been no further diurnal em ssions for the
remai nder of that day, only resting | oss em ssions.

5. Cal cul ati ng em ssions of an interrupted diurnal:

e This suggests that the interrupted diurnal em ssions
will end once the anbient tenperature returns to its
starting point (i.e., 93.1° F). Since the anbient
tenperature will return to 93.1° at 5:25 PM we w ||
assune the after 5:25 PM there are only resting
| oss em ssions. Therefore, we need to nodify the
hourly diurnal em ssions so that the nodified val ues
are zero after 6 PM(i.e., fromtest hour 13 through
24) .

* One such nethod of nodifying the hourly diurnal
values is to create a function that closely
approxi mates the hourly em ssions (in a fashion
simlar to what was done in Table 5-2).

For the anal ysis that produced Table 5-2, we only needed to
consi der the tenperature change within the given hour and the
total change (above the initial tenperature) to closely estimate
the hourly diurnal em ssions from vehicles having significant
| eaks of liquid gasoline. It is likely that the reason such a
sinpl e nodel was so successful was that the primary nmechani sm of
the diurnal em ssions of such vehicles (i.e., the | eakage of
liquid gasoline) is a fairly sinple process. Attenpting to nodel
the diurnal em ssions fromvehicles that were not gross |iquid
| eakers required a nore conplicated set of (independent) variabl es
and produced hourly estimates that were not as close to the val ues
in Table 4-2. The regression analysis that required the |east
conplexity in the nunber and type of its independent variables and
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yet produced one of the best fits (of predicted versus actual) is
given in Table 6-1.

Table 6-1

Regression of Percent of Total Diurnal Em ssions
(Non-Gross Liquid Leakers)

Dependent variable is: Percent of 24-Hour Diurnal
No Selector

R squared = 95.8% R squared (adjusted) = 95.3%
s = 0.0110 with 18 - 3 = 15 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 0.041867 2 0.020933 172
Residual 0.00183 15 0.000122
Variable Coefficient s.e. of Coeff t-ratio prob
Constant 0.01102 0.0042 2.6 0.0201
Hourly

Temperature

Change 0.000819 0 12.1 0.0001

Times Total
Temperature
Change
Square of Tota
Temperature 0.000152 0 12.4 0.0001
Change

From Table 6-1, we obtain the follow ng equation predicting hourly
di urnal em ssions:

Percent Hourly Diurnal Emissions (as percent of 24-hour diurnal)

= 0.01102
+ 0.07383 * Hourly_Temperature_Change * Total_Temperature_Change
+ 0.000152 * Square of Total_Temperature_Change

If the preceding equation produces a negative value, then zero will be used.



-19- DRAFT
May 20, 1998

In this exanple, in which the interrupted diurnal begins at
noon (at 93.1° F), we woul d use:

* the difference of each hour's tenperature (as given in
Appendix A) minus the initial tenperature of 93.1°F as the
Total_Temperature_Change and

 the Hourly_ Temperature_Change al so as given in Appendix A

The results of applying this equation to an interrupted di urnal
that begins at noon are given in Appendi x E.

G aphing that linear equation as a solid line with the bars
fromFigure 4-1 yields Figure 6-1.

Figure 6-1

Di stribution of Hourly Diurnal En ssions
from Non-Gross Liquid Leakers
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Because the regression equation does not fit the data as well
as we would |ike, EPA proposes to use the values in Table 4-2 to
estimate the hourly diurnal em ssions of the full 24-hour diurnal
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for the non-|eakers. However, because data are not avail able for
interrupted diurnals, EPA proposes to use this equation to
estimate the hourly diurnal em ssions of the interrupted diurnal
of the non-leakers. (For the vehicles classified as gross liquid
| eakers, EPA proposed in Section 5.0 to use the correspondi ng
equation for both situations.)

Returning to the exanple at the beginning of Section 6.1, we
make the foll ow ng observati ons:

. Requiring the estimated hourly em ssions of the
interrupted diurnal to drop to zero once the anbient
tenperature drops to the starting tenperature results in
a shortened period of em ssions for the interrupted
di ur nal

. Si nce diurnal em ssions are dependent upon rising
anbi ent tenperatures to induce the pressure-driven
evaporative em ssions, the diurnal nust begin while the
air tenperature is increasing (i.e., prior to 3 PM.

As corollaries to this observation

oo There can be no interrupted diurnal em ssions
followng a drive that ends after 1 PM

oo A daily activity consisting of several trips, with
each period of inactivity between the trips no
nore than two hours and the final trip ending
after 1 PM will produce no diurnal evaporative
em ssions. (However, there will be running | oss
and hot soak em ssions associated with each trip.)

6.2 Calculating Em ssions of an Interrupted Diurnal

In the precedi ng paragraphs, we anal yzed one situation in
whi ch the hot soak (followi ng a period of vehicle operation) ended
during the fifth hour (i.e., between 10 and 11 AM). EPA then
proposed a nethod for calculating the hourly em ssions that would
have resulted fromthe abbreviated diurnal cycle that began at 11
AM  Repeating this procedure for (interrupted) diurnals beginning
at each hour of the day produces seven interrupted diurnals plus
the full-day diurnal. The values for each of the interrupted
diurnals are given in Appendix E. (The values for the full 24-
hour diurnal were sinply copied fromTable 4-2.) To estimte the
grans of evaporative em ssions emtted in any given hour, MOBILE6
will multiply the appropriate percentage from Appendi x E tines the
full 24-hour diurnal's em ssion (calculated in Appendix C for each
vehicle stratumand for each conbination of anbient tenperature
cycle and fuel RVP).



-21- DRAFT
May 20, 1998

6.3 Interrupted Diurnals of Goss Liquid Leakers

In Section 5.0, we estimated the hourly diurnal em ssions
fromvehicles with gross |eaks of liquid gasoline as a |linear
function of both the tenperature change during that hour and the
total tenperature change up through that hour

The basic prem se in the preceding section was that the base
tenmperature for calculating interrupted diurnals is the anbient
tenperature at the beginning of the diurnal period, which is also
the end of the hot soak period. For each hour of the interrupted
diurnal, we calculate both the tenperature change during that hour
and the total tenperature change fromthe begi nning of the
interrupted diurnal through that hour. The regression equation
followng Table 5-2 will then produce the hourly em ssions of the
interrupted diurnal of gross liquid |eakers.

7.0 Assunptions Related to Hourly Enm ssions

Two basic assunptions related to estimating hourly em ssions
were made in this anal ysis:

* the distribution of hourly diurnal em ssions being
i ndependent of vehicle and test paraneters (except for
| eaker status)

and

e the approach used in Section 6 on estimating diurnals
followng an interruption (i.e., atrip).

7.1 Distribution of Hourly Diurnal Em ssions

In Section 4, we assumed that the distribution of hourly
diurnal em ssions (as a percentage of the full day's diurnal
em ssion) for non-leakers is independent of all of the vehicle and
test paraneters. Thus, all that is necessary to obtain the hourly
diurnal emissions is to nultiply percentages in Table 4-2 by the
full day's diurnal (calculated in Appendix C for non-I|eakers.
For gross liquid | eakers, the equation following Table 5-2 will
generate the hourly diurnal em ssions.

7.2 Assumptions for Interrupted Diurnals

The di scussion of interrupted diurnals (in Section 6)
requires a nunber of assunptions.

First, interrupting the diurnal with a trip will result in an
increase in fuel tank tenperature. However, the anount of that
tenperature rise i s dependent not only upon the duration of the
trip (see footnote on page 14) but al so on other paraneters (e.g.,
fuel delivery system fuel tank design, fuel tank materials, air
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flow, etc.). Simlarly, the time necessary for the elevated fuel
tenmperature to decrease to equal the rising anbient tenperature is
dependent on factors such as the actual tenperature cycle (see the
di scussion on tenperature cycles in Section 6.2), fuel tank
design, fuel tank materials, and air flow. EPA proposes to

conti nue the approach used since MBI LE4.1 of assum ng that
exactly two hours is necessary to stabilize the tenperatures.

(Al so, this approach of rounding off the vehicle activity periods
to whole hours is also consistent with the vehicle activity data
that will be used in MBI LE6.)

8.0 Oher Assunptions

In this report, EPA proposes using the total 24-hour diurnal
em ssions as a basis for calculating the diurnal em ssion from
each individual hour. Another set of assunptions indirectly
affected the cal culation of hourly em ssions by directly affecting
the cal culation of the full (24-hor) diurnal em ssion

8.1 Tenperature Ranges

Al of the tests used in this analysis were perforned using
one of the three tenperature cycles in Appendix A This results
inall of the resting | oss data being neasured at only three
tenperatures (i.e., 60, 72, and 82 °F). In Appendix F, we
present ed regression equations (devel oped in M. EVP.001) to
estimate hourly resting | oss em ssions at theoretically any
tenmperature. W will limt that potentially infinite tenperature
range as we did in the previous version of MOBILE, specifically:

1) We will assune, for vehicles other than gross liquid |eakers,
there are no resting | oss em ssions when the tenperatures are
bel ow or equal to 40°F. (This assunption was used
consistently for all evaporative emssions in MOBILES.)

For tenperatures between 40°F and 50°F, EPA proposes to
i nterpolate between an hourly resting | oss of zero and the
val ue predicted in Appendix F for 50°F.

2) W will assune, for vehicles other than gross liquid | eakers,
that when the anbient tenperatures are above 105°F that the
resting loss emssions are the sane as those cal cul ated at
105°F.

Since vehicles classified as gross |iquid | eakers were not handl ed
separately in MBILE5, we will now nake a new assunption
concerning the resting | oss em ssions of those vehicles as rel ates
to tenperatures. Specifically:

3) For the vehicles classified as gross liquid | eakers, we wll
assune the resting | oss em ssions are conpl etely independent
of tenperature, averagi ng 8.84 grans per hour.



- 23- DRAFT
May 20, 1998

In a simlar fashion, the equations developed in this report
to estimate hourly diurnal em ssions theoretically could al so be
applied to any tenperature cycle. EPA proposes to limt those
functions by making the foll ow ng assunpti ons:

1) Regardless of the increase in anbient tenperatures, there are
no diurnal emssions until the tenperature exceeds 40°F.
(This assunption was used consistently for all evaporative
em ssions in MXBILE5.)

For a tenperature cycle in which the daily |ow tenperature is
bel ow 40°F, EPA proposes to cal cul ate the diurnal em ssions
for that day as an interrupted diurnal that begins when the
anbi ent tenperature reaches 40 °F.

2) The 24-hour diurnal emssions will be zero for any
tenperature cycle in which the difference between the daily
hi gh and | ow tenperatures (i.e., the "diurnal tenperature
range") is no nore than zero degrees Fahrenheit. For
tenperature cycles in which the diurnal tenperature range is
bet ween zero and ten degrees Fahrenheit, the 24-hour diurnal
em ssions will be linear interpolation of the predicted val ue
for the ten-degree cycle and zero.

8.2 Estimating Vapor Pressure

EPA is proposing to use the fuel's RVP and the d ausi us-
Cl apeyron relationship to calculate the fuel's vapor pressure at
each anbient tenperature (see Figure B-1). This approach is the
equi val ent of attenpting to draw a straight |ine based on only a
single point since R/P is the vapor pressure calculated at a
single tenperature (100° F). Since two different fuels could have
t he sane vapor pressure at a single tenperature, it is possible
for two fuels to have the same RVP but different vapor pressure to
tenperature curves. However, the two vapor pressure curves would
yield simlar results near the point where they coincide (i.e., at
100° F). Thus, at tenperatures where ozone exceedences are likely
to occur, this assunption should produce reasonabl e estimates of
di urnal em ssions.

8.3 Heavy- Duty Vehicles (HDGVs)

The analyses in this report were based only on RTD tests of
i ght-duty gasoline-powered vehicles (LDGY/s) and |ight-duty
gasol i ne- powered trucks (LDGIs). Since the data did not indicate
a significant difference between the RTD em ssions from LDGVYs and
LDGTIs, they were conbined in a single group of anal yses.

Since no RTD testing was performed on any HDGVs, we wi |l use
t he sane approach that was used in the earlier version of MOBILE
That is, the ratio of diurnal em ssions of the HDG/s to those of
the LDGIs is a sal es wei ghted average of the correspondi ng
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evaporative em ssion standards. Translating that sentence into an
equation yi el ds:

DlLpgT *[ (15 * 0.875 ) + ( 2.0 * 0.125 ) ]
= 1.5625 * D||_ DGT

Dlnhpav

Where, Dlypgy IS the full day's diurnal
em ssions fromthe HDGVs.

Dhipet IS the full day's diurnal
em ssions fromthe correspondi ng
LDGTs.

EPA proposes to use this equation to estimate the nean of the
24- hour diurnal em ssions fromHDGVs. EPA al so proposes to
calculate the hourly diurnal em ssions by multiplying that
estimated 24-hour diurnal em ssion value by the percentages in
Table 4-2 to predict the hourly diurnal em ssions from HDGVs.

EPA proposes to use the corresponding formula for resting
| osses (obviously changing DI to "hourly resting | osses").

8.4 High Altitude Evaporative ENM ssions

EPA proposes to continue to use the nultiplicative adjustnment
factor of 130 (from previous version of MOBILE) to adjust both
the hourly resting | oss and 24-hour (and hourly) diurnal em ssions
for high altitude.

8.5 Mot orcycl es (MC)

RTD evaporative em ssion tests were not performed on
notorcycles (MJ). In MOBILE5S, the resting |oss and diurna
em ssions from notorcycles were nodel ed usi ng carbureted vehicles
equi pped with open-bottom cani sters. EPA proposes to continue
t hat approach to continue in MBI LE6.

W first identified the 109 RTD tests of carbureted vehicles
equi pped with open-bottom canisters (all 1988 or earlier nodel
years), and cal cul ated both the hourly resting | oss (associated
with the test's |ow tenperature) and the full-day's diurnal for
each of those 109 tests. The diurnal em ssions were then
regressed agai nst both the vapor pressure product term (from
Section 4.2) and the age of each test vehicle. As illustrated in
Table 8-1, each of those variables is statistically significant.
MBI LE6 will use the linear regression equation generated by that
analysis to calculate the full day's diurnal em ssions.
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Table 8-1

Regression of Diurnal Em ssions
(Sinmul ated Motorcycle Fleet)

Dependent variable is: Diurnal
No Selector

R squared = 59.0% R squared (adjusted) = 58.3%
s = 10.20 with 109 - 3 = 106 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 15892.9 2 7946.46 76.4
Residual 11024.5 106 104.005

Variable Coefficient s.e. of Coeff t-ratio prob
Constant -36.7971 4.5620 -8.07 0.0001
age 0.855491 0.1894 4.52 0.0001
VP_Product 0.058251 0.0051 11.5 0.0001

Transl ating that regression analysis into an equation vyields:

24-Hour Diurnal Emissions (grams) for Motorcycles
= -36.7971 + ( 0.855491 * Vehicle_Age )
+ ( 0.058251 * VP_Product_Term )

EPA proposes to use this equation to estimate the nean of the 24-
hour diurnal em ssions from notorcycl es.

For MOBI LE6, EPA proposes to multiply the estimated 24-hour
di urnal em ssions fromthose vehicles (calculated fromthe
precedi ng equation) by the percentages in Table 4-2 to predict the
hourly diurnal em ssions from notorcycl es.

Simlarly, the hourly resting | oss em ssions were regressed
agai nst both the tenperature at which those val ues were cal cul at ed
(i.e., the daily | ow tenperature) and the age of each test
vehicle. As illustrated in Table 8-2, only the vehicle age is
statistically significant. It is possible that tenperature was
not found to be statistically significant sinply due to the fact
that nost of the resting | oss em ssions were calculated at a
single tenperature (72 °F). Since tenperature should be an
i mportant factor in determ ning resting |oss em ssions, EPA
proposes to use for MOBILE6 the |inear regression equation
generated by the analysis (in Table 8-2) that uses both vari abl es.
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Table 8-2

Regression of Hourly Resting Loss Eni ssions
(Sinmul ated Motorcycle Fleet)

Dependent variable is: Hourly Resting Loss
No Selector

R squared = 5.6% R squared (adjusted) = 3.8%
s = 0.1346 with 109 - 3 = 106 degrees of freedom

Source Sum of Squares df Mean Square F-ratio
Regression 0.114078 2 0.057039 3.15
Residual 1.92123 106 0.018125

Variable Coefficient s.e. of Coeff t-ratio prob
Constant 0.044345 0.1572 0.282 0.7784
age 0.006134 0.0025 2.45 0.0159
Temperature 0.000859 0.0022 0.399 0.6909

Transl ating that regression analysis into an equation vyields:

Hourly Resting Loss Emissions (grams) for Motorcycles
= 0.044345 + ( 0.006134 * Vehicle_Age )
+ ( 0.000859 * Temperature )

EPA proposes to use this equation to estimate the hourly resting
| oss em ssions from notorcycl es.

8.6 Pre-Control Vehicles

Non-Cal i fornia vehicles prior to the 1972 nodel year were not
required to nmeet an evaporative em ssion standard. These
uncontrol |l ed vehicles would sinply vent vapors to the atnosphere
as pressure built up. Since that situation is simlar to that of
a controlled vehicle with a vapor |eak, we hypothesized that the
resting | oss and diurnal evaporative em ssions of the pre-1972
vehi cl es woul d be conparable to the em ssions of the pre-1980
vehicles that had failed the pressure test.

To characterize the hourly resting | oss em ssions fromthese
pre-control vehicles, we proceeded in a simlar fashion to the
approach in Section 8 of Ms. EVP.001. W first identified the two



-27- DRAFT
May 20, 1998

pre-1980 vehicles in our study that both had failed the pressure
test and were tested over the full range of fuels and tenperature
cycles. Possibly due to that srmall sanple size, a regression of

t hose data produced a slope of resting | oss versus tenperature
that was not statistically different fromzero. Since nost of the
RTD tests (i.e., 37 of 47) that were perfornmed on the 34 candi date
vehicles were run over the same tenperature cycle (i.e., 72 to 96
degrees), the variable "tenperature” would not nmake a useful

i ndependent variable to anal yze those 47 resting |oss results.

W, therefore, decided to use the sane slope (0.002812) that was
devel oped in that earlier report. However, the variable "age" was
found to be statistically significant. Conbining the results of
regressing the data agai nst age with the previously cal cul ated
tenperature slope yields the followi ng equation:

Hourly Resting Loss (grams) = -0.768438
+ ( 0.002812 * Temperature )
+ ( 0.040528 * Vehicle Age in Years )

EPA proposes to use this equation to estimate the hourly resting
| oss em ssions from pre-control vehicles.

To characterize the full day's diurnal emssions fromthese
pre-control vehicles, we proceeded in a simlar fashion to the
approach in the previous report. |In the precedi ng paragraph we
noted that only two of the candidate vehicles (i.e., pre-1980
vehicles that failed the pressure test) were tested over the ful
range of fuels and tenperature cycles. Attenpting to analyze the
resting | oss emssions of those two vehicles as a function of
tenperature did not produce usable results. However, the
correspondi ng analysis for diurnal emssions as a function of the
vapor pressure product term produced satisfactory results, as shown
in Table 8-3.
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Regression of Diurnal Em ssions
(Simul ated Pre-Control Fleet)
(Based on Two Vehicles)

Dependent variable is: Diurnal
No Selector
R squared = 92.3% R squared (adjusted) = 90.4%
s = 5503 with 6 -2 =4 degrees of freedom
Source Sum of Squares df Mean Square F-ratio
Regression 1456.41 1 1456.41 48.1
Residual 121.136 4 30.284
Variable Coefficient s.e. of Coeff t-ratio prob
Constant -6.52265 6.175 -1.06 0.3504
VP_Product 0.05115 0.0074 6.93 0.0023

As previously stated, the diurnal em ssions fromthese tests
are al nost exclusively fromtests perforned over a single
tenperature cycle using a single fuel RVWP (i.e., 6.8 psi RVP fue
over the 72 to 96 degree cycle). Thus, using a variable for vapo
pressure with the full set of 47 tests would not be productive.
However, as with the resting | oss em ssions, we used the precedin
coefficient (0.05115) to estimate diurnal em ssions (based on the
vapor pressures) and then regressed the cal cul ated residual s
agai nst vehicle age. These two regression anal yses yield the
foll ow ng equati on:

24-Hour Diurnal (grams) = -40.67512
+ ( 0.05115 * VP_Product_Term )
+ ( 1.41114 * Vehicle_Age_in_Years )

EPA proposes to use this equation to estimate the 24-hour diurna
em ssions from pre-control vehicles.

For MOBI LE6, EPA proposes to multiply the estinmated 24-hour
di urnal em ssions fromthose vehicles (calculated fromthe above
equation) by the percentages in Table 4-2 to predict the hourly
di urnal em ssions fromthose pre-control vehicles.

1998

r

g
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8.7 Duration of Diurnal Soak Period

The anal yses in this report were based on diurnals of 24
hours or less in length. In the real-world, the soak period could
run for longer periods of tine. Estimating diurnal em ssions when
the soak period is a nultiple of 24 hours will be analyzed in
report nunmber M. EVP. 003.

EPA' s proposal on howto classify a diurnal that follows an
interrupted diurnal is based on EPA' s hypothesis of why a single-
day diurnal is different froma multiple-day diurnal. EPA
bel i eves that as the days progress (during a nmultiple day
diurnal), the vehicle's evaporative cani ster becones nore heavily
| oaded (with a possible back purge occurring during the night
hours). Therefore, if the first day's less than full diurnal is
al nost equivalent to a 24-hour diurnal, EPA proposes to treat the
subsequent days as if the first day's diurnal were a conplete
diurnal. From Appendi x E, the regression equation predicts that
(interrupted) diurnals that begin no earlier than 9 AM produce
| ess than one-half the em ssions of the corresponding full day's
diurnal. Therefore, If a vehicle's first day's inconplete diurnal
begins no later than 8 AM EPA proposes to treat the subsequent
days as if the first day's diurnal were a conpl ete diurnal

8.8 1996 and Newer Moddel Year Vehicles

Starting with the 1996 nodel year, EPA began certifying sone
of the new LDGVs and LDGIs using the RTD test. Estimating the
resting |loss and diurnal em ssions fromthese vehicles will be
anal yzed in report nunber M. EVP. 005.

For MOBI LE6, EPA proposes to multiply the estimated 24-hour
di urnal em ssions fromthose vehicles (to be calculated in
M. EVP. 005) by the percentages in Table 4-2 to predict the hourly
diurnal em ssions fromthose vehicles.
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Appendi x A
Tenperature Cycles (°F)
---Temperatures Cycling Between --- | Change in
Hour 60°-84°F | 72°-96°F* | 82°-106°F |Temperature
0 60.0 72.0 82.0 - - -
1 60.5 72.5 82.5 0.5
2 63.5 75.5 85.5 3.0
3 68.3 80.3 90.3 4.8
4 73.2 85.2 95.2 4.9
5 77.4 89.4 99.4 4.2
6 81.1 93.1 103.1 3.7
7 83.1 95.1 105.1 2.0
8 83.8 95.8 105.8 0.7
9 84.0 96.0 106.0 0.2
10 83.5 95.5 105.5 -0.5
11 82.1 94.1 104.1 -1.4
12 79.7 91.7 101.7 -2.4
13 76.6 88.6 98.6 -3.1
14 73.5 85.5 95.5 -3.1
15 70.8 82.8 92.8 -2.7
16 68.9 80.9 90.9 -1.9
17 67.0 79.0 89.0 -1.9
18 65.2 77.2 87.2 -1.8
19 63.8 75.8 85.8 -1.4
20 62.7 74.7 84.7 -1.1
21 61.9 73.9 83.9 -0.8
22 61.3 73.3 83.3 -0.6
23 60.6 72.6 82.6 -0.7
24 60.0 72.0 82.0 -0.6
* The tenperature versus time values for the 72-t0-96 cycle are
reproduced from Table 1 of Appendix Il of 40CFR86.
These three tenperature cycles are parallel (i.e., identica

hourly increases/decreases). The tenperatures peak at hour nine.
The nost rapid increase in tenperatures occurs during the fourth
hour (i.e., a 4.9° Frise).

For cycles in excess of 24 hours, the pattern is repeated.

1998
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Appendi x B
Vapor Pressure

Using the C ausius-Cl apeyron Rel ationship

The d ausi us-C apeyron relationship is a reasonabl e estinmate
of vapor pressure over the noderate tenperature range (i.e., 60°
to 106°F)* bei ng considered for adjusting the diurnal emni ssions.
This rel ationship assunes that the | ogarithmof the vapor pressure
is a linear function of the reciprocal (absolute) tenperature.

In a previous EPA work assignnent, simlar RVP fuels were
tested, and their vapor pressures (in kilo Pascals) at three
tenperatures were neasured. The results of those tests are given
inthe follow ng tabl e:

Nominal Measured Vapor Pressure (kPa)
RVP RVP 75° F 100° F** 130° F
7.0 7.1 30.7 49.3 80.3
9.0 8.7 38.2 60.1 96.5

** The VPs at 100° F are the fuels' RVPs (in kilo Pascals).
Plotting these six vapor pressures (using a logarithmscale for

t he vapor pressure) yields the graph (Figure B-1) on the foll ow ng
page.

For each of those two RVP fuels, the d ausius-d apeyron
relationship estimates that, for tenperature in degrees Kelvin,
t he vapor pressure (VP) in kPa wll be:

Ln(VP) = A+ (B / Absolute Tenperature), where:
RVP A B
8.7 13.5791 -2950.47
7.1 13.7338 -3060.95

C. Lindhjem and D. Korotney, "Running Loss Em ssions from Gasol i ne-Fuel ed
Mot or Vehi cl es”, SAE Paper 931991, 1993.



- 32- DRAFT
May 20, 1998

Fiqure B-1

Compari son of Vapor Pressure to Tenperature
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Reciprocal of Temp (1/°K)

W will assune that the specific fuels used in the vehicles that
were tested in this analysis had vapor pressure versus tenperature
curves simlar to the curves for these to two test fuels.
Extrapolating the trends in either the "A" or "B" values to fuels
with nomnal RVPs of 6.3, 7.0, and 9.0 psi; and then requiring the
lines (in |og-space) to pass through the appropriate pressures at
100°F, yields the Iinear equations with coefficients:

RVP A B

6.3 13.810 -3121.05
6.8 13.773 -3085.79
9.0 13.554 -2930.67

W will use the above to estinmate vapor pressures for the 6.3,
6.8, and 9.0 psi RVP fuels.

In general, given the fuel RVP, we can approxinmate A and B with
t hese equati ons:

B

-3565.2707 + ( 70.5114 * RVWP)
and

A =Ln( 6.89286 * RWP ) - ( B / 310.9)
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Appendi x C
Model i ng 24-Hour Diurnal Em ssions
As Functions of Vapor Pressure (kPa)
In each of the followng 18 strata, 24-hour diurnal em ssions

nodel ed using a triple of nunbers:

A
B
C. Wer e,
24-Hour Diurnal (grams) = A + B * [(Mean VP) * (Change in VP)]
+ C * [(Mean VP) * (Change in VP)]3 / 1,000,000
Fail Pass Both
Model Year Pressure Fail Only Purge and
Fuel Delivery Range Test Purge Test Pressure
Car bur et ed Pre- 1980 11.4367 8.8657 4.63506
0 0 0
0.026810 0.026810 0.026810
1980-1985 | -4.6034 6.9618 3.0719
0.0374 0 0
0 0.018974 0.014217
1986- 1995*| 9.9392 10.0559 4.5033
0 0 0
0.009876 0.005993 0.002850
Fuel Injected|Pre-1980** 11.4367 8.8657 4.63506
0 0 0
0.026810 0.026810 0.026810
1980- 1985 0.2134 4.3700 3.9001
0.0326 0 0
0 0.006868 0.004744
1986- 1995 4.7661 5.7386 2.0690
0 0 0
0.009876 0.005993 0.002850
* "C" value based on 1986-95 Fl vehicles.

** The untested stratum of Pre-1980 FI

vehi cl es was represented
using the Pre-1980 nodel

year carbureted vehicles.
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Appendi x D

Hourly RTD Em ssions (in grans) of Gross Liquid Leakers

-------- Vehicle Number  --------

Hour{ 5002 |5082|9049|9054(9087|9111 | Mean [Modified*
1 4.56 2.23(11.88 | 10.99 | 27.67 | 55.95| 18.88 10.48
2 4.71 2.41 8.79 | 11.24 | 28.50 | 46.77 | 17.07 12.45
3 6.12 3.18 | 10.24 9.78 | 24.65 | 44.26 | 16.37 16.37
4 7.93 4.00| 11.74 | 13.05 | 25.98 | 44.32 | 17.84 17.84
5 9.55 4.63 | 11.62 | 14.28 | 25.06 | 45.49 | 18.44 18.44
6 | 11.29 5.14 ( 11.19 | 14.69 | 24.61 | 47.67 | 19.10 19.10
7 9.41 5.39 1 10.99 | 14.00 | 25.70 | 48.07 | 18.93 18.93
8 9.78 5.11 9.74 1 16.08 | 25.22 | 47.46 | 18.90 18.90
9 7.14 4.73 9.04 | 15.05 | 24.21 | 42.41 | 17.10 17.10

10 6.06 4.36 8.02 | 14.06 | 23.36 | 43.84 | 16.62 16.62
11 5.35 4.30 7.42 | 14.85| 20.95 | 36.43 | 14.88 14.88
12 4.18 4.10 6.91 | 15.53 | 19.67 | 33.72 | 14.02 14.02
13 3.66 3.51 6.91 | 14.93 | 18.50 | 32.96 | 13.41 13.41
14 3.08 2.76 6.25 | 15.03 | 17.58 | 25.79 | 11.75 11.75
15 2.89 2.55 5.63 ]| 14.60 | 16.57 [ 21.55 | 10.63 10.63
16 2.83 2.23 5.78 1 13.93| 16.31 | 21.24 | 10.39 10.39
17 2.97 2.22 5.09 | 16.37 | 13.59 | 20.46 | 10.12 10.12
18 2.76 2.20 4.91]| 14.65| 15.29 | 19.64 9.91 9.91
19 2.91 2.18 4.93 | 11.54 | 13.86| 17.60 8.84 8.84
20 2.82 2.09 4.89 ] 11.30| 13.46 | 16.85 8.57 8.57
21 3.01 2.06 4,701 11.12 | 13.69 | 16.52 8.52 8.52
22 3.06 2.09 5.02 9.89 | 13.62 | 15.89 8.26 8.26
23 3.01 1.97 4.78 | 10.36 | 13.04 | 15.82 8.16 8.16
24 2.96 2.13 4.88 9.28 | 17.05 | 16.40 8.78 8.78

* Mean emi ssions for the first two hours have been
"MODIFIED" to fit the pattern specified in Section 7.3.
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Appendi x E
Estimating Hourly Interrupted Di urnal Em ssions
Diurnal Beqins
Time: |6 AM*| 7AM [ 8 AM | 9 AM | 10 AM |11 AM | Noon 1PM | 2PM
Temperature: | 72.0° | 72.5° | 75.5° | 80.3° | 85.2° | 89.4° | 93.1° | 95.1° | 95.8°
Diurnal Ends
Time: |[6:00AM|5:10AM|1:16 AM|10:18PM[8:06PM [6:44PM |5:25PM |4:17PM |3:24PM
Duration (hr): |24.000|22.167|17.273]10.111]10.111| 7.742 | 5.417 | 3.286 | 1.400
Time od Day Proportion of Full Day's Diurnal Allocated to Each Hour
1 6-7AM 1.89% 0% 0% 0% 0% 0% 0% 0% 0%
2 7-8AM 2.45% | 1.98% 0% 0% 0% 0% 0% 0% 0%
3 8-9AM 5.13% | 5.09% | 3.34% 0% 0% 0% 0% 0% 0%
4 9-10AM 8.36% | 8.65% | 6.42% | 3.43% 0% 0% 0% 0% 0%
5 10-11AM 11.24% |11.26% | 8.82% | 5.49% | 2.81% 0% 0% 0% 0%
6 | 11AM - Noon |13.78% [13.79% [11.14% | 7.47% | 4.44% | 2.43% 0% 0% 0%
7 | Noon - 1PM [14.93% [12.57% [10.15% | 6.86% | 4.21% | 2.53% | 1.49% 0% 0%
8 1-2PM 13.08% |10.69% | 8.53% | 5.64% | 3.42% | 2.09% | 1.37% | 1.15% 0%
9 2-3PM 9.85% | 9.88% | 7.83% | 5.11% | 3.05% | 1.87% | 1.28% | 1.13% | 1.11%
10 3-4PM 6.69% | 8.20% | 6.36% | 3.99% | 2.29% | 1.42% | 1.09% | 1.09% 0%
11 4-5PM 4.31% | 5.72% | 4.23% | 2.41% | 1.29% | 0.90% | 1.00% 0% 0%
12 5.6PM 297% | 2.93% | 1.91% | 0.84% | 0.47% | 0.73% | 1.41% 0% 0%
13 6-7PM 2.09% | 0.95% | 0.38% | 0.04% | 0.41% | 1.31% 0% 0% 0%
14 7-8PM 1.32% | 0.37% | 0.08% | 0.19% | 1.03% 0% 0% 0% 0%
15 8-9PM 0.75% | 0.44% | 0.30% | 0.64% 0% 0% 0% 0% 0%
16 9-10PM 0.53% | 0.87% | 0.70% | 1.01% 0% 0% 0% 0% 0%
17 10-11PM 0.35% | 0.73% | 0.74% 0% 0% 0% 0% 0% 0%
18 [11PM - Midnite|] 0.26% | 0.74% | 0.90% 0% 0% 0% 0% 0% 0%
19 | Midnite-1AM | 0.00% | 0.00% | 0.00% 0% 0% 0% 0% 0% 0%
20 1- 2AM 0.00% | 0.00% | 0.00% 0% 0% 0% 0% 0% 0%
21 2-3AM 0.00% | 0.00% 0% 0% 0% 0% 0% 0% 0%
22 3-4AM 0.00% | 0.00% 0% 0% 0% 0% 0% 0% 0%
23 4-5AM 0.00% | 0.00% 0% 0% 0% 0% 0% 0% 0%
24 5-6AM 0.00% | 0.00% 0% 0% 0% 0% 0% 0% 0%
Percentage of Full Day's Diurnal Emissions:
|1oo.0% | 94.9% | 71.8% | 43.1% | 23.4% | 13.3% 7.6% 3.4% 1.1%
Number of Hours of Positive Diurnal Emissions:
[ 128 | 127 | 16 | 13 [ 10 | 8 | 6 | 3 1|

*

The di urnal

that begins at 6 AMis the full

(24-hour) diurnal.
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Appendi x F

Model ing Hourly Resting Loss Em ssions
As Functions of Tenperature (°F)

In each of the followng 12 strata, resting | oss em ssions (i
per hour) are nodeled using a pair of nunbers (A and B), where

Hourly Resting Loss (grams) = A + (B * Temperature in °F)
B = 0.002812 (for ALL strata) and

"A" is given in the following table:

Model Year | Pass Pressure | Fail Pressure
Fuel Delivery Range Test Test
Car bur et ed Pre-1980 0.05530 0.07454
1980- 1985 -0.05957 -0.02163
1986- 1995 -0.07551 0.05044
Fuel Injected | Pre-1980* 0.05530 0.07454
1980- 1985 -0.09867 0.02565
1986- 1995 -0.14067 -0.10924

* The untested stratum (Pre-1980 FI vehicles) was represented
using the Pre-1980 nodel year carbureted vehicles. (See
report M. EVP.001 for additional details.)

These equations can then be applied (in each stratun) to each of
the hourly tenperatures in Appendix Ato obtain the resting | oss
em ssions released in a 24 hour period. If we use an alternate

tenperature profile in which the hourly change in tenperature is
proportional to the cycles in Appendix A we find that:

24-Hour Resting Loss (grams) = (24 *A)+ (B * C)

Were A and B are given above, and where

C = 0.002632 + (24 * Low Temperature) + (11.3535 * Temperature Change)



