United States November
Environmental Protection 1992
Agency

Air

&
-
AL
=

|/M Costs, Benefits, and | mpacts



NOTE!
There may be minor differences in page numbers and formatting between this version of the document and the original printed version.

Also, this electronic version does not include any of the appendices from the original document.



Tabl e of Contents

Page
Li st of Tables Vi
1.0 | NTRODUCTI ON 1
2.0 QA.CSSARY OF KEY TERM NOLOGY 3
3.0 |/ M PERFCRVANCE STANDARDS 6
3.1 Enhanced I/ M Performance Standard 6
3.2 Recommended Enhanced I/ M Program Desi gn 7
3.3 Basic I/MPerformance Standard 7
4.0 EM SSI ON REDUCTI ONS FROM | / M PROGRANS 8
4.1 Recent |I/MTest Prograns 8
4.2 FTP HOJ QO Correl ati on Conpari son Between the | M40 and
t he Second-chance 2500 rpm 1dl e Test 12
4.2. 1 | /M Test Assessnment (riteria Overview 15
4.2.2 Detailed D scussion of Correlation and Test
Assessment 18
4.2.3 Two-Ways-To-Pass Oite ria 20
4.3 Evaporative Test Errors of Comm ssion 23
4.4 Approval of Alternative Tests 26
4.5 Transient Testing Fast-Pass/Fast-Fail Strategies 26
4.6 Estimating |/MTesting Oedits for MBI LE4. 1 28
4.6.1 Tech4.1 Background and Assunptions 29
4.6.2 Evaporative and Runni ng Loss Mddel ing, and the
Ef f ecti veness of Purge/ Pressure Testing 31
4.6.3 Benefits of I M240 NOX | nspections 34
5.0 REGLATCRY |IMPACT ANALYSIS - ESTIMATING COST AND CCsT
EFFECTI VENESS 41
5.1 Cost of Conventional I/M Testing 41

5.1.1 Inspection and Admnistration Costs 42



5.2 Estimated Cost of H gh-Tech I/ M Testing

5.2.1
5.2.2
5.2.3
5.2. 4

Ceneral Met hodol ogy

Equi prrent Needs and Costs

Cost to Upgrade Centralized Networks
Cost to Upgrade Decentralized Prograns

5.3 Costs of Four-Mde, Purge and Pressure Testing

5.3.1
5.3.2
5.3.3

Equi prrent and Expendabl es
Centralized Prograns
Decentral i zed Prograns

5.4 Repair Costs

5.4.1
5.4.2
5.4.3

5.5 Fuel
5.5.1

5.5.2
5.5.3

HC and QO Exhaust Repair Costs and Met hodol ogy

NOX Repair Costs and Met hodol ogy

Evaporative System Repair Costs and Met hodol ogy

Econony Benefits

Fuel Econony Benefits of Evaporative System

Repairs
Fuel Econony Benefits of | M40 Repairs

Fuel Econony Benefit for the 2500 rpnildl e Test

5.6 Recurring Failure and Repair Rates

5.7 Method for Estimating Cost Effectiveness of

5.7.1
5.7.2
5.7.3

6.0 REGQULATCRY | MPACT ANALYSI S -

/M 77

| nspecti on Costs
Repair Costs
Fuel Econony Cost Benefits

6.1 Emssion Reduction Benefits

6.2 Cost
6.2.1
6.2.3
6.2.4

Ef f ecti veness Esti nates
Assunptions and | nputs
Cost - Ef fecti veness Cal cul ati ons
National Cost of Choosing Less Stringent

6.3 MNational Costs and Benefits

6.3.1
6.3.2

Em ssi on Reducti ons
Economc Costs to Motorists

I /M Prograns

CCSTS AND BENEFI TS OF ENHANCED

I/ M

67
68
69

71

73
74
75
75

77

79
79
79
81

82
82
83



7.0

8.0

9.0

6.4 Mtorist |Inconveni ence Costs
REGULATCRY FLEXI BI LI TY ANALYSI S

7.1 Regulatory Flexibility Act Requirenents
7.1.1 The Universe of Affected Entities

7.2 Types of Econom c Inpacts of Concern

7.3 (Changes i n Repair Activity
7.3.2 Repair Activity in Future |I/M Prograns

7.4 (Changes in Emssion Testing Activity in I/M Areas

7.4.1 The Existing Market in Centralized and
Decentral i zed Prograns

7.4.2 Future Market in Enhanced |/ M Prograns

7.4.3 Centralized Prograns

7.4.4 Decentralized Prograns

7.4.5 Inpact on Jobs in Decentralized Prograns

7.4.6 National |npact on Jobs

7.5 Mtigating the Inpact of Enhanced I/Mon Existing
Stations

7.6 Public Comrent
ONBQARD DI AGNCSTI CS AND ON - RQAD TESTI NG
8.1 Onboard D agnostics, InterimProvisions
8.2 On-road Testing, InterimProvisions
ALTERNATI VE TESTS
9.1 Status of Alternative Exhaust Tests
9.2 CQurrent Analysis of Available Data on ASM Tests
9.3 Aternative Purge Tests
9.4 Aternative NOXX Testing

9.5 Repair Grade | M40 Testing

85
86

86
87

88

88
90

91

91
97
97
98
102
105

106
107
110
110
110
113
113
114
117
122
127



Appendi x
A

I O ™

Evapor ati ve Em ssions and Runni ng Loss Em ssi on Fact or
Derivation

Purge and Pressure Test Effectiveness Figures and
Spr eadsheet

Exhaust Shor t Test Accuracy

MBI LE4. 1 Technol ogy D stribution and Em ssion G oup
Rates and Em ssi on Level s

Regressi on Anal yses and Scatter Plots for Fuel Injected
1983 and Later Vehicles

| M40 Cut point Tabl e Anal ysis

Evapor ati ve System Purge and Pressure D agrans
Evaporative System Failures and Repairs

MBI LE4. 1 Perfornmance Standard Anal yses, By ption

I dentifying Excess Emtters with a Renote Sensing
Devi ce

Model Year Failure Rates by Test Type

Conpar ati ve Purge Fl ow Data


NOTE!
This electronic version does not include any of these appendices.



oo
~NO O~ WNE

T
NP~ OO

POoO~NO OLA w

o

1 1
el

T A A A A A A A A S S A S S S A
NFRPOOO~NO U1~ WN P

o

~NOO OO Ul olol 0101 0101 o1 O1 O gro1 0101010101 a1 aobh b A bhADBADAD

PR OO~NOURAWNRNNNRRRERR

Li st of Tabl es

Page

| M40 Sel ection Standards for Stratified FTP Recruit nment 9
Wi ghting Factors for Correcting Recruitnent Biases 10
Evaporative Test Results 23
| M40 Bag-1 Fast- Pass/Fast-Fail Analysis 27
Short Test Identification Rates 32
Short Test Repair Effectiveness 33
Lane | M40 Based Em ssion Factor Levels with | M40 NOX
Qut poi nt's 36
Side Effects of I/Mon NOx Em ssions 38
Lane | M40 Based Em ssion Factors with | M40 Qut points 40
I /M Pr ogram | nspecti on Fees 43
Qual ity Assurance Functions and Costs in Decentralized
Pr ogr ans 46
Quality Assurance Functions and Costs in Centralized
Pr ogr ans a7
Equi prent Costs for New Tests 49
Expendabl es for New Tests 50
Peak Period Throughput Rates in Centralized I/M Prograns 50
CQurrent Program Costs 53
Costs to Add Proposed Tests to Centralized Prograns 55
| nspection Vol unes in Licensed | nspection Stations 56
Costs to Conduct H gh-Tech Testing in Decentralized Prograns

59
Equi prrent and Costs for the ASM Test 60
Costs to Add Proposed Tests to Centralized Prograns 61
Costs to Conduct Four-Mde Testing in Decentralized Prograns

61
Average Cost of Repairing Em ssion Control Conponents 63
NOX Repair Costs 65
Aver age Repair Costs and Fuel Econony Benefits 66
Zero | nprovenent Vehicle Sanple Size Adjustnents 69
Adj usted Zero FE Benefit Vehicle Sanple Size 70
Exhaust Test Failure Rates 71
Default Inspection Costs in CEMI. 1 74
Default Repair Cost in CEMI. 1 75
Fuel Econony Benefits in CEML. 1 76
MBI LE4. 1 Inputs for the H gh-Tech Enhanced Mdel Program 78
Benefits of I/ MPrograns Qpti ons 78
Total Annual Program Cost 79
Cost per Ton Allocating All Costs to VOC 80
VOC Cost per Ton Accounting for NOx and CO Benefit 81
Total Cost and Benefits of I/M Qotions 81
Excess Cost of Choosing Low Qption |/ M 82
National Benefits of I/ M 83
Program Costs and Econom c Benefits 85

Costs of the Biennial H gh Qoption including I nconveni ence 86
Af f ect ed Busi nesses 88



1 1 1 1 1 1 1 1 1 1 1 1 1 1
A WNEFO

©OONNNNN~NNNN~N~NNN
WNRRPRPRPRPPOONOUAWN

Repai r Expenses in Enhanced |/ M Prograns

Nunber of Inspection Stations by State

| nspection Stations by Category

| nspection Station Vol unes and | ncomnes

Average I nspection Stati on Revenues, Costs, and Profits
| nspection Volumes in California

Station Revenues and Profits by Vol unme

Assuned Station D stributions

Revenues and Profits for Low and Medi um Vol une Stations
Nunbers of I n spectors per Station by State

Estimated I nspection FTE

Summary of FTE Gains and Losses

| npact on Jobs of 1/ M Proposal

Purge Vehicl e Descriptions

NOx Vehi cl e Description*

Estimated Costs for Repair-Gade | M40 Em ssion System

90
92
93
94
95
96
97
99
100
102
103
104
105
118
124
128



1.0 | NTRCDUCTI ON

Despi te having the best vehicle control programin the world,
many areas in the United States continue to neasure unhealthful
levels of air pollution, approximately half of which can be
attributed to nmotor vehicles. As aresult, in addition to tighter
standards on new vehicles and their fuels, the Qdean Ar Act
Anendnents of 1990 (Act) require the inplenentation of vehicle
| nspection and Maintenance (I/M prograns in areas that have been
desi gnated as nonattai nment for ozone or carbon nonoxide (CO. A
total of 181 such areas currently exist in the United States, 56
of which do not presently operate |/M prograns. Dependi ng upon
the severity of the nonattai nnment problem these areas wll have
to inplement either a basic I/M program (required in areas wth
noder ate ozone nonattainnent, and in nmarginal areas with existing
I/M prograns) or an enhanced |/M program (required in nost
serious, severe, and extrene ozone areas, as well as nost QO areas
registering levels greater than 12.7 parts per mllion (ppn)).
Eighty-three of the 181 nonattai nnent areas currently designated
wll require the inplenentati on of an enhanced I/ M program

The Environmental Protection Agency (EPA) has had overs

and policy devel opnent responsibility for I/M prograns since the
passage of the Oean Air Act in 1970, which included I/M as an
option for inproving air quality. The first such I/M programin
the United States was begun in New Jersey in 1974, and the program
el ements which nmade up this programis design (i.e., a centralized,

annual, idle test of all light-duty gasoline vehicles, with no
wai vers or tanpering checks) still ~constitute those design
features upon which the basic |/M performance standard is based.

However, nany advances have been nade in vehicle technol ogy since
the time of that first I/Mprogram and while the idle test in use
in many current prograns works well enough when it conmes to
detecting emssion problens in older, lowtech vehicles, its
effectiveness as a testing strategy rapidly drops off as we begin
testing newer, nore sophisticated, conputer-controlled vehicles.

H gh-tech vehicles need high-tech testing which nore closely
simulates real-world driving conditions and the sort of test to
which vehicles are originally certified - a |oaded, transient
test, which requires driving the vehicle through a prescribed
pattern of accel erations and decel erati ons on a dynanoneter.

Mich has also been |earned since 1974 about the many ways
vehicles contribute to the problemof air pollution. Previously,
it was thought that the majority of the air pollution problem
attributable to nobile sources was the result of exhaust
emssions; it is now understood that emssions in the form of
evaporative and running |osses are also major contributors. The
gasoline evaporating in the tank of a vehicle and escaping into
the environment is as much a source of volatile organic conpound
(VOO emssions as are the exhaust gases emtted from the
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tail pipe. Vapor recovery and recircul ation mechani sns have been
installed on vehicles since 1971, but these systens can
deteriorate with time and are often rendered useless as a result

of wear, tanpering, and design defects. Cost effective tests have
been devel oped to detect evaporative systemfailures of this sort,

including the evaporative system purge test and the evaporative
system pressure test.

Under the terns of the Aean Ar Act Anendnents of 1990, EPA
is required to establish mnimm perfornmance standards for 1/M
pr ogr ans. The Act further specifies that the standard for
enhanced I/ M shall be based upon a program that enploys an annual
cycle of automated em ssions analysis, performed at a centralized
test-only site, and enforced through the denial of registration.
EPA has devel oped these standards and has fornalized them as part
of the I/ M rul emaki ng.

In the past, the nodel program used to establish the
performance standard assuned a nodel program along the |ines of
the original New Jersey program - a standard which renains
essentially unchanged for basic I/M prograns. For the enhanced
I/M performance standard, however, EPA has developed a nodel
program based on |oaded, transient testing, in conjunction wth
evaporative system purge and pressure tests. Using EPA' s
MBI LE4.1 conputer nodel, a high-tech 1/M program such as that
included in the enhanced 1I/M performance standard is expected to
achi eve emssion reductions from nobile sources on the order of
approxi mately 31% for ozone-formng hydrocarbons (HC) and 34% f or
GO (conpared to 5% HC and 16% OGO emssion reductions from the
basi c |/ M perfornmance standard program desi gn).

Adven the potentially significant economc inpact of this
decision, it is necessary to assess the costs and benefits of
enhanced |/M perfornmance standards. This report provides the
t echni cal background information supporting EPA's cost and benefit
proj ecti ons.

In assessing the costs and benefits of enhanced I/M we will
detail the findings of recent research and devel opnment on test
procedures and vehicle emssions, the basis for the conputer
nodels used to establish emssion benefits and program cost-
ef fecti veness, the differences in cost-effectiveness anong
prograns based upon network and test types, as well as projections
of the average per vehicle cost for inspection and repairs, and
the cost offset of the fuel econony benefit achieved by naking
such repairs. G aphic and tabular support data are attached to
this report as appendi ces.

It should be noted that in finalizing this docunent, EPA
continues to base its estinmates on the MBILE4.1 em ssion factor
nodel, primarily because the latest nodel - MBILES - is still in
the process of devel opnent and revision and is not ready for final
rel ease.
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2.0 G.GCSSARY OF KEY TERM NOLOGY

Throughout this report several key terns will be used wth
whi ch the reader may not be imediately famliar. To facilitate a
better understanding of the issues involved, the followng
gl ossary is provided.

“Concentration” Versus “Mass Em ssions” Tests : Mass em ssi ons
tests provide a nuch better indication of vehicle emssion |evels
than concentration tests. A concentration reading of 200 ppm HC
from a subconpact car and the same 200 ppm reading from a |arge
truck (which is entirely possible) suggest that the two vehicles
pollute equally. However, this is incorrect. The truck wll have
a much hi gher volune of exhaust. So, over a given one-mle drive,
the subconpact car may only emt 50 cubic feet of exhaust gases,
whereas the truck may emt 500 cubic feet. Wth both vehicles
emtting 200 ppm HC over the mle, the total amount of HC emtted
by the truck will be 10 tines greater than the amount emtted by
the small car. A nmass emssions test allows the total em ssions
per mle to be nmeasured; a concentration test does not. Al
currently approved I/Mtests are concentration tests. The Federa
Test Procedure and the IM40 test, however, are nass em ssions
tests.

Decentralized Test-Only Network A program design in which
multiple participants are contracted to perform I/M testing (as
opposed to a single contractor). To establish equivalency wth

traditional centralized prograns and to avoid the decentralized
di scount incorporated in EPA's MX>BILE nodel, participants nust
operate test-only facilities and are barred from naki ng repairs,
selling repl acenent parts, naking referrals, or otherw se engagi ng
in activities that would violate the intention of the test-only
requirenent (i.e., the avoidance of conflict-of-interest).

Error-of-Commssion (Ec) : On the basis of an emssions test, the
false failure of a vehicle as "dirty" (i.e., emtting high enough
that repair and a retest are required) when the vehicle, in fact,
meet s EPA new car standards, based upon the Federal Test Procedure
(see definition below. Wsually, HC and QGO Ec's are defined
without regard to NO x em ssions, and vice versa.

Error-of-Onssion : To falsely pass as clean a vehicle which, in
fact, exceeds EPA new car standards, based upon the results of the
Federal Test Procedure.

Federal Test Procedure : The Federal Test Procedure (FTP) is a
mass emssions test created to determne whether prototype
vehicles conply with EPA standards, thus allow ng production
vehicles to be certified for sale in the United States. The FTP
has becone the “gold standard” for determning vehicle emssion
levels, so it is also used to determne the emssion |evels of
“in-use” vehicles. The FTP is too costly to use for |/M because
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vehicles nust be maintained in a closely controlled environment
for over 13 hours. The FTP is based on a 20 mnute trip, driven
once when the engine is cold, and again when it is hot.

H gh- Tech Vehicles : Vehicles with conputerized control of the
engine and emssion control system especially 1983 or newer
vehicles enploying fuel injection (either port fuel injection
(PFI') or throttle-body injection (TBlI)) as opposed to carburetion
as a fuel netering nethodol ogy.

Idle Test : A concentration-type emssion test to neasure the
percentage of GO and ppm HC in the exhaust stream of a gasoline-
powered vehicle operating at idle. The nondi spersive infrared

detector (NDIR) equipnent nornally used gives a less accurate
nmeasure of HC than does the flane ionization detector (FID
equi prrent used in the FTP and | M240 tests.

| M40 Exhaust Test 1 A nmass emssions (as opposed to
concentration), transient short test run on an inertial and power-
absor bi ng dynanoneter using a 240 second driving cycle |oosely
based upon the LA4 cycle used in the FTP. EPA originally divided
the driving cycle into 2 parts or "bags" with separate em ssions
determnations, but recently has begun integrated analysis of
em ssions on a second-by-second basis. Unlike the idle test which
is conducted at a single speed and expresses emssions in terns of
percentages and ppm the IM40 is conducted at a range of
accel erations and decel erati ons and provi des em ssi ons
measurenents in terns of grans per mle (gpn). The | M40 has
proved particularly effective in accurately identifying high
emtting, newer technol ogy vehi cles.

Preconditioning : Qperation of a vehicle at a specific speed, |oad
(including no load), and tine to ensure that a vehicle is properly
warmed up prior to testing. For the purpose of transient testing,
a period of operation prior to testing to avoid errors of
commssion as a result of evaporative system purging into the
sanpl e. Under the two-ways-to-pass criteria (see section 4.2.3
for a nore detailed discussion) this goal 1is achieved by
establishing two sets of cutpoints, a set of cutpoints for the
conposite results, as well as cutpoints for Bag-2 results (wth
the first 93 seconds - o Bag-1 - being wused as the
precondi tioni ng node).

Pressure Test : A test whereby inert gas is injected into a
vehicle's evaporative systemto establish the systems integrity
by indicating the presence of a leak or by confirmng the systems
ability to hold pressure.

1 Pi dgeon, W and Dobie, N, “The IM240 Transient |1/M Dynanoneter Driving
Schedul e and The Conposite |1/M Test Procedure,” U S. EPA Technical Report
Nunmber EPA- AA-TSS-91-1, January 1991.



Purge Test : A test to determne whether a vehicle' s evaporative
em ssions system recycles the gasoline vapors adsorbed on the
charcoal in the evaporative canister (i.e., whether or not the
cani ster purges vapors to the engine to be conbusted). To provide
representative operation and opportunity for the purge control

systemto denonstrate its proper working order, the purge test is
conducted on a dynanoneter using the sane 240-second transient

driving cycle as the IM40 exhaust gas test. The test is
conduct ed sinultaneously with the tail pi pe emssion test.

2500 rpnildle Test : A two-speed, steady-state, concentration-type
test in which emssions are sanpled at both idle and 2500 rpm To

be considered a pass, a vehicle nust pass at both speeds. The

two-speed test has a better identification rate for high emtting

vehi cl es than does the standard idle test.




3.0 |/ M PERFORVANCE STANDARDS

3.1 Enhanced I/ M Perfornmance Standard

Under the Act, EPA is required to establish a perfornance
standard for enhanced I/M prograns including, at a mninmm
centralized, annual, automated emssion testing of |ight-duty
vehicles and trucks, including a tanpering check for emssion
control devices, a msfueling check, and provisions for including
on-road emssion testing and inspection of onboard diagnostic
devices ((BD). The performance standard is defined by conpletely
speci fying the design of a nodel or benchmark I/M program Wile
enhanced |/M prograns need not match the performance standard's
nmodel program el ement by el enent, such prograns nust be designed
and inplenmented to nmeet or exceed the m ni num em ssion reductions
achieved by the performance standard. Any deviations from the
performance standard's program design that may lead to em ssion
reduction | osses nust be nmade up by strengtheni ng other aspects of
the program For exanple, while the Act constrains the
performance standard for enhanced |/M prograns to be based on an
annual program it is clear that a biennial programis nore cost-
effective and results in relatively snmall emssion reduction
| osses over those achieved by an annual program The em ssion
reduction losses resulting from a decision to test vehicles
biennially as opposed to annually can be nmade up, for exanple, by
extending transient exhaust testing and purge testing to cover
earlier nodel vyears than those specified in the perfornmance
standard. This specific exanple will be discussed in nore detail
in Section 3.2 bel ow

EPA's enhanced |/M performance standard is based on
centralized, annual testing of Ilight-duty vehicles (LDvs) and
[ight-duty trucks (LDIs) rated to 8,500 pounds Goss Vehicle
Wight Rating (GWR) using the transient |M40 exhaust test
incorporating NO x cutpoints, and purge testing of the evaporative
control systemof 1986 and | ater vehicles (using cutpoints of 0.8
to 0.7 gpm HC, 20 gom GO, and 1.4 to 3.0 gpom NO x, dependi ng upon
the age and weight rating of the vehicle). Two-speed testing is
to be performed on 1981-1985 nodel year vehicles (using cutpoints
of 1.2% GO 6% CO 2, and 220 ppm HC) while idle testing is to be

used on pre-1981 vehicles. |Idle test cutpoints for ol der vehicles
must yield a 20% failure rate. The performance standard al so
includes visual inspection of the catalyst and fuel inlet

restrictor on all 1984 and |ater vehicles and evaporative system
integrity (pressure) testing of 1983 and |ater vehicles. Usi ng
EPA's nobile source emssion nodel, MXBILE4.1l, this perfornmance
standard is estimated to yield a 28% reduction in VOCs, a 31%
reduction in GO and a 9% reduction in NO x by the year 2000 over a

non-1/M scenari o.



3.2 Recommended Enhanced |/ M Program Desi gn

The Act requires EPA to establish a performance standard
based on an annual test program States, however, are free to
inplement alternative program designs, including a biennial
program provided the em ssion reductions achieved neet or exceed
t hose achieved by the nodel program This denonstration is made
using EPA's nobile source em ssion nodel which includes biennial
and annual programcredits. @ ven the added conveni ence and cost -
effectiveness of a biennial program EPA recommends that states
adopt a biennial program that can neet the performnmance standard,
t hrough, for exanple, increased vehicle coverage.

3.3 Basic I/MPerformance Standard

The basic |I/M performance standard is based upon the program
design of the original New Jersey program and renains essentially
unchanged as a result of EPA s proposed action. The basic /M
performance standard is estinated to yield a 5% reduction in
nmobile source VOC emssions and a 16% reduction in QO The
perfornmance standard includes annual, centralized idle testing of
nodel year 1968 and later Ilight-duty vehicles. The pre-1981
failure rate is assumed to be 20% wth 0% waivers and 100%
conpliance. The basic |I/M perfornmance standard does not i nclude
testing of light-duty trucks; neither does it include visual
i nspections of any em ssion control conponents.



4.0 EM SSI ON REDUCTI ONS FROM | / M PROGRANG

4.1 Recent |I/M Test Prograns

The data used by EPA to assess the benefits of high-tech I/ M
testing concepts, including the IM40 , and evaporative system
purge and pressure testing, have been obtained as a result of two
special testing prograns perforned under contract to EPA The
first testing program- an IM40 transient test pilot study - was
conducted as part of a cooperative project with the State of
Maryl and in 1989, and utilized one of the state's I/Mstations for
testing and recruiting vehicles. This was the first attenpt to
perform transient emssions tests on consuner vehicles in a high
t hr oughput system More extensive prograns are currently being
run in Indiana and Arizona, although data from Arizona is stil
too new for incorporation in this report. The Maryland pil ot
study began testing in August 1989, and continued through Decenber
of that year, testing a total of approximately 600 vehicles for an
average of approxi mately 120 vehicles per nonth. The |arger-scale
| ndi ana program began testing in February 1990. As of Novenber 1,
1991, approximately 8,300 vehicles had been tested as part of the
| ndi ana program wi th an average of approximately 120 vehi cl es per
week. As such, the database produced by this test programis the
largest of its kind ever assenbled to assess |I/M testing. The
Arizona program began testing vehicles on June 8, 1992 and has
tested over 1,500 vehicles so far. EPA has not had tinme to
quality assure the Arizona data, however, and it therefore has not
been used in conpiling the figures in this report.

The Indiana testing contracts include two test facilities, a
| aboratory in New Carlisle (a few mles west of South Bend), and
an |/Mstation in Hacmmond. The | aboratory is owned by Autonotive
Testing Laboratories, Inc. (ATL), a contractor to EPA, and the I/M
station is owned by the Indiana Vocational-Technical College,
whi ch operates the I/Mprogramfor the State of Indiana. The |/ M
station includes four |anes, with ATL running one of the four.

EPA has three separate testing contracts in Indiana that
utilize the two facilities: Emssion factor (EF), I/M and running
loss testing. Refornulated fuels testing is being perforned under
the EF contract. The three contracts use vehicles that are
selected at the I/Mstation. The selection criteria for follow up
| aboratory testing include nodel year, fuel netering type, and
results fromthe follow ng tests: The | M40, canister purge flow
nmeasur enent, and evaporative control systempressure tests.

The goal at the I/Mstation originally was to test a random
sanple of 1976 and newer light-duty vehicles. On My 15, 1991,
the recruitment goal changed to randomy sanple 1983 and newer
vehicles, to increase the nunber of fuel-injected vehicles
represented in the database. This change was nade to reflect the

-0-



fact that fuel injection is rapidly replacing carburetion as the
preferred fuel-nmetering method for new vehicles, and the
percentage of carbureted vehicles in the in-use fleet will becone
insignificant in the future.

Choosing cars for further |laboratory testing is driven by the
overriding inportance of testing and assessing emssions from -
and the inpact of repair on - dirty in-use vehicles. A random
sanple of vehicles visiting the I/M station would result in the
contractor recruiting nostly clean vehicles, given that the
majority of excess emssions conmes from a relatively snall
per cent age of vehicles known as high to super emtters. To avoid
the problem and cost of evaluating a majority of vehicles that
will ultimately be assessed as clean, a stratified recruitnment
plan is enployed to deliberately over-recruit dirty cars, based on
the results of |1M40, purge and pressure tests. Actually, two

recruitnment and lab testing prograns operate simultaneously. In
one, a nomnally 50/50 mx of |M40-clean and | M40-dirty vehicles
is recruited for FTP exhaust testing. In actual practice, nore

clean cars than dirty have been recruited rather than allow |ab
testing slots to be idle while waiting for a dirty car to be
recruited. The Hammond /M lane vehicles were categorized as
clean or dirty using the 1 M40 standards listed in Table 4-1. In
the other lab-testing recruitnent effort, a sanple even nore
heavily weighted toward purge and pressure test failures is
recruited for evaporative and running | oss em ssions testing.

Table 4-1

| M40 Sel ection Standards for Stratified FTP Recruitnent

Sel ecti on Standards
(grans per mle)

Model Years HC GO
1986+ * >1. 10 >15.0
1983- 85 >1. 20 >16.0

* The 1986+ standards were set to be nore stringent than 1983-
1985 standards to inprove recruitnent of high emtters and to
bal ance the failure rates between nodel year groups.

The FTP database that results from EPA' s recruitnent targets
must be corrected to represent the clean/dirty vehicle ratio in
the in-use fleet to correctly determne excess emssion
identification rates (IDR), error-of-commssion rates (Ec) and
failure rates (all inportant criteria for assessing the overall
effectiveness of |/M testing strategies). The database was
corrected using the weighting factors presented in Table 4-2.
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Tabl e 4-2

Wi ghting Factors for Correcting Recruitnent Biases

Fuel Lane Lab # Lab Veh # Nornal s
Met eri ng I M40 Lane Sanpl e Vi ghti ng Passi ng Fai l'i ng
System Resul ts Count Count Fact or FTP FTP
PFI d ean 1505 55 27.36 23 24
Drty 97 19 5.11 1 2
Tot al 1602 74 24 26
TBI d ean 1555 73 21.30 25 32
Drty 166 35 4.74 4 6
Tot al 1721 108 29 38
Wighting factors are used as follows: If the 19 dirty

vehicles that received FTP tests in the PFI vehicle sanple had
excess HC em ssions which totaled 100 gpm the database woul d be
corrected in this case by multiplying 100 by the 5.11 weighting
factor, resulting in a corrected excess emssion rate of 511 gpm
for the dirty vehicles (excess emssions are those FTP-neasured
em ssions that exceed the certification em ssion standards for the
vehi cl e under consideration; an I/Mtest's identification rate for
excess emssions represents one of the inportant criteria for
assessing an I/Mtest's effectiveness, as detailed in Section 4.2
of this report). |In conparison, the excess em ssions of the | M40
cl ean vehicles have to be multiplied by 27.36 to nmake their excess
em ssions representative. The total sinulated excess em ssions
are the sum of the sinulated excess emssions fromthe clean and
dirty vehicles in the I/M |ane sanple. The nunber of vehicles
tested was simlarly adjusted with the factors for the purpose of
calculating failure rates. The large sanple of 55 clean cars in
this sanple provides confidence in conclusions about a test's
relative tendency to avoid failing clean cars.

Appendi x F provides additional information on adjustments to
make the FTP database representative of the Hanmmond |ane fleet's
ratio of clean and dirty vehicles. Appendi x F also includes
tables that allow a conparison of cutpoint effects on IDR |/M
failure rates, Ec rates, and I/M failure rates for FTP-passing
vehi cl es.

At the Hammond |I/M station, in addition to the M40,
technicians performthe official Indiana I/Mtest (2500 rpmildle)
and an additional second-chance 2500 rpmildle test for those that
fail the first chance test. Vehicles that require a second-chance
test first receive 3 mnutes of preconditioning. The conbination
of this “enhanced” steady-state testing, along with the I M40 and
purge/ pressure tests allow for direct conparison of these
alternative I/Mprocedures. Section 4.2 of this report provides a
nore detailed discussion of the results of conparing the degree to
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whi ch the 1 M40 and the second-chance 2500 rpnmilidle test correl ate
with the FTP

In addition to assessing the 1M240 for correlation with the
FTP, several other issues are addressed as part of the Hamond
study. Since dirty vehicles are repaired at the lab, the repair
effectiveness can be evaluated. The running |loss tests all ow EPA
to characterize the air quality inpact of vehicles failing
pressure and purge tests and the effectiveness of repairing these
vehi cl es. The transient short test developed by the Colorado
Department of Health (CDH226) as well as a variety of steady-
state tests are perforned at the lab and can be evaluated as
potential I/Mtests. Additionally, one of the | M40s perforned at
the lab was restricted to inertia weight settings of 2,500 pounds
or 3,500 pounds. This restriction allowed EPA to eval uate the FTP
correlation effect of a nore economcal dynanoneter (with fewer
inertia weight settings). W found that an inertia weight range
of 2,000 to 5,500 pounds using four inertia wheels (500, 1,000,
and 2,000 pounds with a fixed wheel of 2,000 pounds) is worth the
noder at e addi ti onal cost.

The evidence displayed in Section 4.2 (see below and
Appendices C and E of this report graphically and quantitatively
shows the advantage of the high-tech M40 test for the sanple of
vehicles tested in Indiana in 1990 and 1991. The actua
calculations of the exhaust emssion reductions of the several
short tests are nore detailed in order to best reflect the actua
characteristics of the fleet as it ages and changes in technol ogy
m X. A conputer nodel called Tech4.1 is used to calculate
t echnol ogy- and age-specific adjustnent factors that represent the
effect of I/M prograns of different types (the so-called "I/M
credit"), and these factors are built into the nobile source
em ssions nodel MBILE4. 1. Section 4.6.1 of this docunent
contains details on the Tech4.1 nodel .

Finally, the Indiana testing program has revealed the true
seriousness of evaporative emssion control system mal functions
that develop during real world operation. Previous EPA testing
prograns (i.e., those conducted during the last 10 years or so)
that did not nake use of an operating I/M lane to screen and
recruit vehicles for nore thorough | aboratory testing have focused
nmostly on vehicles that were about 5 years old or younger, in
order to nost quickly obtain information on the |atest generation
of new technol ogy vehicles. When special efforts were nade to
recruit high mleage vehicles, they tended to be vehicles that had
accunul ated unusually high mleage for their age, for exanple
vehicles fromowners with [ ong commutes or who used their vehicles
for business during the day. EPA staff have been concerned for
sonme time that testing such vehicles was not giving a true picture
of evaporative emssion problens, which nay develop nore as a
function of passing tine than of mles driven; for exanple,
deterioration of rubber and plastic conponents would be nore tine-
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than m| eage-based. A so, the recruitnent practices in the test

prograns prior to the Indiana I/M lane program relied on owner
response to letters and phone calls. There has been concern that

this resulted in a different sanple of vehicles, probably a sanple
bi ased towards better nai ntenance condition than would be found if

owners could be solicited face-to-face, as they are in the Hamond
study (where the level of notorist participation has been
sufficiently high to aneliorate these concerns). These
differences in study design explain why the Indiana program has
produced results very different from previous estimates of in-use
evaporative em ssions. EPA's interest in the high-tech
evaporative purge and pressure tests has been in response to these
findi ngs.

Because of the extensive detail of the evaporative em ssions
findings fromlndiana, the results of the testing are presented in

Appendi x A rather than illustrated with figures and tables here.
Briefly stated, the Indiana program showed that by 13 years of
age, nearly one-half of all vehicles wll experience an

evaporative system failure that renders the control system
virtually ineffective, causing evaporative and running |oss
emssions to increase by factors of up to 10 tines. Nearly all of
these failures can be detected by the conbination of the pressure
and purge tests. Use of only one of these tests finds at |east
sone of the problem vehicles. The problens can be repaired, and
vehicles will then pass a re-inspection using the pressure and/ or
purge test. Appropriate repairs reduce emssions back to normnal
levels. O course, the purge and pressure tests cannot overcone
the limted control capacity designed into vehicles by their
manuf acturers, so under certain conditions of tenperature and fuel
volatility, both passing and repaired vehicles will fail to neet
the certification emssion standard.

4.2 FIP HJ Q) Correlation Conparison Between the IM40 and the

Second- chance 2500 rpnildl e Test

This section focuses on the conparison of the IM 240 transient
test (using cutpoints of 0.8 gom HC and 15 gom QO for the results
over the full 240 seconds, with a provision that a vehicle also
may pass by having emssions during the last 147 seconds of the
test less than or equal to 0.5 gpm HC and 12 gpm QO - see Section
4.2.3 for a nore detailed explanation of the two-ways-to-pass
criteria) to EPA's currently recomended second-chance 2500
rpmildle test procedure 2, and details the evaluation criteria upon
whi ch the conparison is based. This conparison shows how an |/ M
program based on one of the better currently used (non-
dynanoneter) |I/M tests (second-chance 2500 rpmildle) can be

2 Tierney, E, Herzog, E and Snapp, L. “Recommrended |/M Short Test
Procedures For the 1990s: Six Aternatives”, US. FEPA Technical Report
Nunmber EPA- AA-TSS-90- 3, January 1991.
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i mproved upon by changing to the 1M40 test, which has a much
better classical correlation with the FTP than the idle or 2500
rpmid e test for matched pollutants (see the regression anal yses
including R-squared val ues and scatter plots in Appendix E for an
illustration of this better correlation).

For the sake of the correlation analysis illustrated in
Appendix E only 1983 and newer vehicles equipped wth fuel
injection were considered 8. The vehicles in this sanple received
both the second-chance 2500 rpnildle test and the IM240 at the
Hammond test site. At this time, nost |I/M prograns have not
adopt ed second-chance testing and the test al gorithns recomrended
in EPA's Aternative Test Procedure report, which calls for an
i mredi at e second-chance test for vehicles that initially fail the
em ssi on standards. Under the recomrended procedures, vehicles
are preconditioned in a non-loaded state for three mnutes at 2500
rpm prior to the second test. Second-chance testing was devised
to reduce, to the extent possible, the problemof falsely failing
vehi cl es. For the purposes of this conparison and to enable
anal yses of the effectiveness of nore stringent standards, second-
chance tests were performed on 1983 and newer fuel-injected
vehicles if their emssions exceeded 100 ppm HC or 0.5% GO on
their initial 2500 rpnildle tests. Note that these standards are
substantially tighter than the standards of 220 ppm HC and 1. 2% CO
used in nearly all I/Mprograns on 1981 and | ater vehicl es.

Ohe of the central concerns in developing a new I/M short
test was to devise a test that woul d pass vehicles that woul d pass
the FTP and fail those that would fail the FTP. Wth that in
m nd, the | M40 was devi sed by truncating, splicing, and otherw se
augnenting the first two hills of the FTP driving cycle. One of
the goals of the pilot program was to assess how well the |M40
correlates with the FTP. Since performng the FTP in the Indiana
lane was not a practical alternative, both |1M40s and FTPs were
conducted in the lab after the vehicles were recruited in the I/M
lane. The lab results of the 1M240 and the FTP showed excell ent
correl ation. (the can conclude that the M40 is an excellent
measurenent of the true emssions of the vehicle at the tine and
place it is performed, given the fuel being used at the tine.

Conparing lab FTP and lane I M40 results is problematic for
several reasons, but still shows good correlation. Since the |ab
tests are performed at a different tine from the |ane |M40s,
intervening factors, such as intermttent problens or changes in
the vehicle, nay affect the results. For exanple, exhaust systens
are often repaired, when needed, prior to the lab tests. Another
maj or problem nmaking lab and |ane conparisons difficult is the

3 The emission reduction benefits presented in Section 6, however, do reflect
the application of the M40 to carbureted vehicles as well as fuel-injected
vehicl es; the conparisons of IDR Ec rate, and failure rate for the various
I/Mtests presented in Appendices G and H al so address carbureted vehi cl es.
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fact that FTP tests are all done on Indolene fuel 4 while |ane
tests are done on the fuel in the tank of the vehicle as received.
Aso, the equipnent used in the |lanes neasured a |ower mnaxi num
emssion value than the lab equipnent; for exanple, a car would
have pegged the lane instrunent for hydrocarbons at 13 gpm while
in the lab it actually neasured 25 gpm Tenperature and
preconditioning at the lane were also often different than at the
|ab. For these reasons, |ab/lane conparisons say |ess about the
actual performance of the test and nore about the influence rea
worl d differences nmake on vehicle em ssions. Nevert hel ess, both
sets of conparisons are presented in Appendix E of this report.

(ne of the conclusions evident from the data collected as
part of the Hammond study is that for fuel injected vehicles in
particular, the high-tech M40 test has a better correlation with
the FTP than the conventional idle or 2500 rpnildle test. This
section and Appendi x E present sone illustrations of this better
correl ation.

For exanple, one indication of better correlation 1is
denonstrated by higher R-squared values from |east-squares
regressions wth FTP em ssions as the dependent variable and short
test emssions as the independent variable. Statistics for these
regressions are given in the regression analyses tables in
Appendi x E

The better correlation of the I1M40 test also can be seen
visually in the scatter plots of emssions results from vehicles
whi ch received all four tests (Appendix E). Separate plots of FTP
versus short test results are included for each type of fuel
injection (whether PFl or TBl), pollutant (HC, GO and NO x), and
each short test type (except for idle and 2500 rpnmildle for NO X
since representative in-use NO x emssions cannot be neasured on
these tests). Because of the wide range of the data, the graphs
showing all the data contain a lunp of points near the origin. To
all ow exam nation of the correlation for vehicles emtting in this
range, an enlargenent of the data in this range is also provided
for each of the graphs in Appendi x E

The above two indications (Rsquared values and scatter
plots) of better correlation do not directly enter the cal cul ation
of the emssion reduction advantages of the |MA40. In an |/ M
program predicting the absolute level of a vehicle's FTP
emssions is not as inportant as identifying a large majority of
t he vehicl es whose emssions are likely to be high enough to nerit
repair (which are, thenselves, a mnority of the overall in-use

4 Indolene is a special test fuel whose properties are held constant. This is
necessary because the normal changes in fuel properties of commrercial fuel
can change a car's emssions results even if all of the other test procedure
vari abl es and vehicle variables did not change between tests.
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fleet). A so, the short test should pass vehicles that are not
mal functioning, in order to avoid inpacting owners of vehicles
whi ch have em ssions | ow enough to not nerit repair. The figures
in Appendix C which are discussed in the follow ng sections,
graphically denonstrate the differences between the second-chance
2500 rpnildle test and IM40 in regard to these objectives.

The |1/M test nust also do a good job of ensuring that
vehicles that have shown em ssion reductions from repairs |arge
enough to pass re-inspection on the short test have al so achieved
si zeabl e FTP reductions. Better performance of one short test
versus another in identifying vehicles as generally clean or dirty
wi Il also ensure that fewer vehicles can pass reinspection w thout
achieving real FTP reductions. Therefore, it is clear that the
| M40 test will be the better enforcer of good repairs. Analysis
of data from vehicles in Indiana that were repaired at the
| aboratory and retested on both the FTP and |M40 shows that
reductions neasured by the two tests are highly correlated, even

better than the correlation discussed above. Figures and
statistics toillustrate this are also included in Appendi x E
4.2.1 |/ M Test Assessnment Oiteria Overview

In assessing the overall effectiveness of an |/M testing
procedure, it is inportant to determne the test's effectiveness
in neasuring and determning a variety of factors, including the
IDR the failure rate, the error-of-coonmssion rate, the failure
rate anong vehicles that pass FTP standards, and the failure rate
for so-called "normal emtters,” which may fail an FTP standard
but are clean enough to nmake it an issue whether they wll benefit
much from nornmal repair procedures. Each of these is discussed,
inturn, below Section 4.2.2 provides a nore detail ed di scussion
of the sane topics.

4.2.1.1 Excess Emssion Identification Rate (1 DR

EPA comonly uses the rate of excess emssions identified
during an I/Mtest to objectively and quantitatively conpare |/ M
test procedures. As nentioned earlier, excess emssions are those
FTP-measured emssions that exceed the certification emssion
standards for the vehicle under consideration. For exanple, a
vehicle certified to the 0.41 gpm HC standard that failed the
second-chance 2500 rpmildle I/Mtest with an FTP result of 2.00
gpm woul d have excess emssions equalling 1.59 gpm (i.e., 2.00 -
0.41 = 1.59).

The excess emssions identification rate (IDR) equals the sum
of the excess emssions for the vehicles failing the I/M test
divided by the total excess emssions (because of inperfect
correlation between 1/M tests and the FTP, sone |/M passing
vehi cl es al so have excess em ssions which are used for cal cul ating
the total excess em ssions). Thus, assumng an |/M area that
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tests 1000 vehicles, 100 of which are emtting 1.59 gpm excess
emssions each, while the I/Mtest fails (identifies) 80 of the
excess emtting vehicles, the excess emssion identification rate
can be cal cul ated as foll ows:

80 failing vehicles * 1.59 gpm excess per vehicle
100 vehicles * 1.59 gpm excess per vehicle

* 100 = 80% I DR

As can be seen in Figures 1 and 4 in Appendix C the | M40 using
two-node criteria has been shown to identify nore excess em ssions
anong the cars tested at the Indiana |ane than the second-chance
2500 rpnildle test wth current 1/M program cut poi nts.

4.2.1.2 Failure Rate

As the IDR increases, the opportunity to identify vehicles
for emssion repairs also increases. However, this measure i s not
sufficient for determning which is the nore efficient and cost-
effective I/Mtest. Qher criteria nust also be addressed before
such an assessnent can be nmade. One such criterionis the failure
rate, which is calculated by dividing the nunber of failing
vehi cl es by the nunber of vehicles tested. For exanple:

50 vehicles failed I/M
1000 vehicles tested

* 100 = 5% I /Mfailure rate

The ideal |/Mtest is one that fails all of the dirtiest
vehicles while passing those below the FTP standard or close to

it, but still above it. The potential em ssion reduction benefit
decreases as emssion | evels froma vehicle approach the standard,
because the prospect for effective repair dimnishes. Thus,

achieving a high IDRin conjunction with a low failure rate (as a
result of identifying fewer vehicles passing or close to the
standard) efficiently utilizes resources. As the figures in
Appendi x C show, tightening the cutpoints on the idle test to
achieve IDRs conparable to the IM40's results in increasing the
failure rate well beyond that of the 1 M240. For exanple, for 1983

and newer, PFI vehicles, the failure rate rose from 12% to 38%
when second-chance, two-speed cutpoints were tightened to 100 ppm
for HC and 0.5% for GO even though the two-speed test's IDRs for

HC and QO were only 77% and 82% respectively (conpared to the
| 240" s 82% and 85% 1 DRs for HC and GO and its 14%failure rate).

The remaining figures in Appendix C illustrate a simlar
relationship between IDR and failure rate for tighter two-speed
cutpoints for both TBI and carbureted vehicles. For a nore

speci fic, nodel year breakdown of failure rates anong the vehicles
in the Hammond | ane sanple, by test type, see Appendi x K ."Mdel
Year Failure Rates by Test Type."
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4.2.1.3 Error-of -Comm ssion (Ec) Rate

Properly functioning vehicles which pass FTP standards
sonetines fail the 2500 rpmiidle test; these are referred to as
false failures or errors of commssion (Ecs). Wien error-of -
comm ssion vehicles are sent to repair shops, no emssion control
system nal functions exist. Cten, the repair shop finds that the
vehicle now passes the test wthout any changes. These fal se
failures waste resources, annoy vehicle owners, and nay lead to
emssions increases as a result of unnecessary and possibly

detrinental "repairs.” Mtor vehicle nmanufacturers see this as a
significant problem since it can contribute to custoner
di ssatisfaction and increased warranty costs. An 1I/M program

seeking | arger em ssion reductions through nore stringent em ssion
test standards may actually increase the nunber of false failures.
The error-of-commssion rate is, therefore, an inportant neasure
for evaluating the accuracy of |I/Mtests.

To see how an error-of-commssion rate is cal cul ated, assune
an |/M area which tests 1000 vehicles, of which 100 fail the |/M
test, although only 50 of those 100 failing vehicles also exceed
their FTP standard for HC or QO The error-of-conmssion rate
equal s the nunber of vehicles that fail the I/Mtest while passing
the FTP for HC and CO divided by the total nunber of vehicles
which were |/ Mtested:

50 vehicles failed I/M but passed FTP HC and CO _ *
1000 vehicles tested * 100 = S%Ec  rate

*Error - of - conm ssi on

As the error-of-conmssion rate decreases, vehicle owner
satisfaction and acceptance of the |I/M program increases. Thus,
while it is relatively easy to inprove the IDR by making the I/M
test standards nore stringent, this “inprovenent” cones at the
cost of potential increases in the error-of-commssion rate.

4.2.1. 4 Fai |l ure Rate Anmong FTP- Passi ng Vehi cl es

The risk of failing an I/Mtest with a clean vehicle is not
expressed very clearly, however, by stating fleet error-of-
commssion rates. Fleet rates tend to be very |low, but the inpact
on any individual notorist can be very significant. A nore
informative statistic than error-of-conmmssion rate is the failure

rate anong all inspected vehicles which still pass their FTP
standard. This indicates the risk to the ower of having a clean
vehicle failed. For the [IM40 wusing the two-ways-to-pass

criteria, only one vehicle out of 274 (i.e., 0.4% failed the
| M40 while passing the FTP (see Appendix C as well as the
di scussion under Section 4.2.3 "Errors of Comm ssion Under the
Two- Vays- To-Pass Oriteria”). Wile the false failure rate for the
second-chance two-speed test is initially conparable to the | M40
using the two-speed cutpoints in current use, tightening these

-18-



cutpoints to inprove IDR has the effect of increasing the false
failure rate for the steady-state test. For exanple, as
illustrated in Figures 1 through 3 of Appendix C for 1983 and
newer PFl vehicles, tightening the steady-state cutpoints from 220
ppm HC and 1.2% QGO (the cutpoints nost commonly used in current
/M prograns) to 100 ppm HC and 0.5% QGO has the effect of
increasing the test's false failure rate from 0% to 13% - this,
even though the two-speed test's IDRs for both HC and CO still
fall appreciably bel ow that of the 1 M240. For 1983 and newer TBI
vehicles, the sane tightening of cutpoints achieves HC and CO | DRs
for the steady-state test that actually exceed those of the | M40
by a percentage point or two, but this at the cost of a false
failure rate of 20% conpared to one, debatably "false" failure for
the IM240 (Figures 4 - 6, Appendix C.

Even when the two-ways-to-pass criteria are not used for the
| M40, the false failure rate for the vehicles in EPA s sanpl e was

only 0.8% representing a total of 5 Ec vehicles - still nuch
lower than the false failure rate for the steady-state test wth
conparable |DRs. Since any nunber of false failures is

unexpected, given the IM40's simlarity to the FITP and the
| ooseness of the 0.8/ 15 cutpoints conpared to the 0.41/3.4 new car
standards, Section 4.2.3 is included to discuss this false failure
i n depth.

4.2.1.5 "Nornmal Emtter" Failure Rate

The IM40 failure rate for normal emtters wll also be
lower. For the purposes of this discussion, “Normal” emtters are
defined as those vehicles that emt less than twice the FTP HC
standard and less than three times the FTP GO standard. Nor mral
emtters include those vehicles that pass the FTP. Repairs on
such vehicl es usually do not produce |arge em ssion reductions (at
| east short of catal yst replacenent, which EPA generally avoids in
its emssion repair evaluations due to cost and because testing
after a new catalyst is installed would not necessarily indicate

what emssions wll be after the catalyst "wears in"), their
emssions are sonetines increased by inept repairs, and they
account for little of the total excess emssions. Ther ef or e,

normal emtters are not the nost cost-effective to identify for
repairs. These vehicles often lack overt defects. Those t hat
fall above one of the FTP standards obviously have sone problem
but may only have suffered catalyst deterioration (which is
difficult to diagnose) or may have been either poorly designed or
built inthe first place. Thus, the nmarginal costs of identifying
and effectively repairing these vehicles nay not always be worth
the margi nal benefits that coul d be expected.

4.2.2 Detail ed D scussion of Correl ati on and Test Assessment

The foll owing analysis shows that the 1 M40 test using the
t wo-ways-to-pass criteria is considerably nore powerful as an I/ M
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test than the second-chance 2500 rpnmilidle test for all technol ogy
type vehicles, but especially newer technology, fuel-injected
vehicles. The analysis presunmes that the IM240 is inplenented to
achieve higher IDRs. dven that rationale, |IM40 standards of 0.8
gpm HC and 15 gpm QO for the full test and 0.5 gpm HC and 12 gpm
CO for the last 147 seconds were selected for this analysis.
These | M40 standards achieve IDRs that are significantly higher
than for the present second-chance 2500 rpnildle standards, while
maintaining a false failure rate of zero.

This discussion is limted to PFl vehicles, as this is the
nmost commonl y used fuel netering systemon new vehicles. Throttle
body injection, which is | ess sophisticated, nmay al so be used on a
significant proportion of the future fleet, though less than for
PFI . Therefore, although analogous figures and tables are
included in Appendices C and F for both TBlI and carbureted
vehicles, they are not formally di scussed.

Figure 1 in Appendix C provides a conparison of the present
second-chance 2500 rpmiidle test using current standards (220 ppm
HC and 1.2% GO to the nore effective, high-tech |1 M40 test using
the two-ways-to-pass criteria. Note the follow ng:

* The FTP excess emssions identification rates are 19% hi gher
for HC and 13% higher for GO with the 1 M40 as conpared to
t he second-chance 2500 rpmildle test using the 1.2% 220 ppm
st andar ds.

* Neither test failed FTP-passi ng vehicl es.

e The IM40 increases the failure rate to 13%from 10% for the
precondi tioned, second-chance 2500 rpnildle test.

Figure 2 in Appendix C illustrates the power of the |M40
test conpared to the 2500 rpmilidle test using the nore stringent
idle standards currently in use in California. |/Mprograns m ght
consider California idle standards because the em ssion reduction
from the program can be increased and the cost of inplenentation
isrelatively small.

Califor nia uses standards of 1.0% CO and 100 ppm HC for the
idle node, while using 1.2% CO and 220 ppm HC for the 2500 node.
In Figure 2, only the stringency of the 2500 rpmildlie test is
increased, while the I M40 standards are the same as those used in
Figure 1 (see Appendix C for both figures). Note the follow ng:

e The IDRs are still 8% higher for HC and 5% higher for CO
with the I1M40 as conpared to the second-chance 2500
rpmildle test with nore stringent standards.

« The second-chance 2500 rpnildle test fai lure rate using
California standards is 29% conpared to only 13% for the
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| M40. So even with the 1M40's higher IDRs, significantly
fewer vehicles will need to be repaired.

« Twelve percent of the FTP-passing vehicles fail the second-
chance 2500 rpnildle test, while none fail the |M40.
Sending this many cars for unnecessary repairs, while also
identifying | ess excess em ssions, wastes resources.

e The nornmal emtter failure rate is only 2.5% for the |M40
versus 22% for the second-chance 2500 rpmiidlie test. This
nmeans that the vehicles identified for repairs by the |IM40
are nore likely to achieve significant em ssion reductions.

In Appendix C Figure 3 conpares the sane | M40 standard to
the nore stringent standards of 0.5% CO and 100 ppm HC for both
nodes of the second-chance 2500 rpnmildle test for PFl vehicles,
while Figures 4, 5 and 6 present data analogous to the first
three figures, but this time for TBl vehicles, and Figures 7 - 9
present this information for 1981 and newer carbureted vehicles.
Second-chance testing was only performed on 1983 and newer
vehicles, however, so Figures 7, 8 and 9 only include second-
chance results for 1983 and newer vehicles, not for 1981 and 1982
vehi cl es.

4.2. 3 Two- VAys- To- Pass Oriteri a

The theory behind the two-ways-to-pass criteria is as
foll ows. Assumng that the test was correctly perfornmed in the
first place, the nost likely reason that a properly functioning
vehicle would fail an IM240 is that the evaporative canister was
highly loaded with fuel vapors and that the vapors were being
purged into the engine during the test. This has been a
significant cause of false failures in existing |I/M prograns and
it has been shown that highly | oaded cani sters can cause both high
HC and QO em ssi ons, even though the feedback fuel netering system
is functioning properly.

Since the canister is being purged during the 1 M40, the fuel
vapor concentration fromthe canister continually decreases during
| M40 operation. The decreasing fuel vapor concentration results
in decreasing HC and GO emssions. So, Bag-2 results should be
|ower than the conposite results, on a gram per mle basis.
the other hand, if the vehicle is actually nalfunctioning, Bag-2
em ssions should remain high. For this reason, second chance
tests after preconditioning, as shown for the current 2500
rpmldl e test, should be | ess influenced by cani ster purge.

Catal yst tenperature can al so effect test outcone. Em ssions
are generally highest after a cold start, before the catal yst has
had a chance to warmup. |If a vehicle is standing in line for a
prol onged period of tinme, or was not sufficiently warnmed up before
arriving at the test lane, this can cause the vehicle to register
as a failure, when, in fact, it should be passed. It is this
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problem of catalyst cool down that has lead EPA to recomend
preconditioning as a nmeans for avoiding false failures. Under the
two-ways-to-pass criteria, Bag-1 acts as a preconditioning node,
thus providing insurance against this particular variety of false
failure.

4.2.3.1 Errors of Conm ssion Under the Two-Ways-To-Pass (riteria

I/M test procedures and standards that cause low emtting
vehicles to fail an I/Mtest are obviously undesirable. Because
the emssions of properly functioning vehicles are known to vary
in a predictable manner with changing test conditions, the FTP
controls variables such as test tenperature, vehicle tenperature,
humdity, vehicle prior operation, and fuel characteristics (by
using a special test fuel), as well as other variables to help
achi eve repeatable results on a given vehicle. Since many of the
variables known to affect vehicle emssions cannot be controlled
in an I/M program EPA is forced to relax the stringency of its
pass/fail standards to allow properly functioning vehicles to
pass, even when such variables "stack up" or otherw se conspire to
produce seemngly high emssions readings. EPA is also
constrained by cost-effectiveness disbenefits that attend rel axed
standards. As the standards are | oosened, the percentage of high
emtting malfunctioning vehicles not identified for repairs
increases. On the other hand, forcing properly functioning cars
to be diagnosed by a mechanic also hurts cost-effectiveness al ong
wi th other obvious undesirable effects.

The nodel program uses | M40 two-ways-to-pass standards of
0.8/15.0/2.0 conposite results and 0.5/15.0 for Bag-2. The
Appendi x F cutpoint tables show that the error-of-commssion rate
is zero for PFlI and carbureted vehicles, but is 1.2% for TBHI
vehicles. The purpose of this section is to discuss whether the
error-of-commssion rate of 1.2% indicates that the |M40
standards are too stringent.

A false failure resulted on only one 5 of the 274 1983 and

newer vehicles that received FTP tests. It is surprising that any
FTP-passing cars failed the |1M40 two-ways-to-pass standards,
however, since the 1 M40 driving schedule is taken from the FTP
and is a hot start test at the Indiana |ane.

5 This vehicle was actually tested at the |aboratory. As explained in Section
4 1, the database was corrected to accurately represent the in-use fleet
distribution, so the error of commssion vehicles discussed in previous
sections were fromthe corrected database. This section only discusses the
vehicles that were actually tested, so the single error of comm ssion PFI
vehi cl e becomes 4 vehicles after the weighting factor discussed in Section
4.1 is used. Simlarly, the three actually-tested TBI error of comm ssion
vehicles beconme 17 vehicles in the corrected database. This section is
uni que in discussing only the actually-tested vehicl es.
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Vehicle nunber 1724 failed the I1M40 HC stan dard in its
Hamond |lane test, with a score of 0.96 gpm but passed the FTP
with a score of 0.31 gom Vehicles that pass the FTP are nornally
considered properly functioning vehicles, but the nechanic’'s
inspection identified the fol |l owi ng probl ens:

Checkl i st Comment s

Idle Mxture: R ch

Fuel Injection Conponents: Meters excessive fuel

D stributor Assenbly: Cap and rotor dirty

Initial Timng: Specification =8 ° BIDC, actual = 3°

Ret ar ded
. Spark Plugs and Wres: Plugs worn, wires arcing
. Cat al yst: Poor perfornance

Narrati ve Comment s

I njection meters excessive fuel.

Cap & Rotor dirty.

Wres Arcing

Pl ugs worn

Timng -5° [Slight disagreement wth checklist which
i ndicated -3°.]

These are hardly results that woul d be expected of a properly
functioning vehicle, so the question is not: “Wiy did this vehicle
fail the IM240?” The nore appropriate question is: “Wy did this
car, considering these problens, pass the FTP?” The answer seens
to be that the car passed the FTP due to several interactive
vari abl es. Hgh HC emssions are frequently caused by ignition
system probl ens which cause a vehicle to msfire. If msfiringis
only an intermttent problem it is possible that a vehicle that
fails one test, will register as a pass when tested |l ater.

The worn spark plugs, arcing spark plug wires, and dirty cap
and rotor all can contribute to intermttent msfire. If bad
enough, any of these problens can lead to steady msfiring, but
since the vehicle passed the FTP, the presunption is that the
engine was msfiring nore during the I1M40 at the inspection
station than during its FTP test at the lab. Additionally, the
dynanoneter inertia weight setting at the |lane was 3,000 pounds,
whereas it was only 2,875 pounds for the FTP. Wile not a |arge
difference, the voltage required to fire the spark plugs increases
with increasing |Ioad. Wth a narginal ignition system the
voltage available at the spark plug may be less than the voltage
required to fire the spark plug, so logically, nmore msfire shoul d
be expected with the higher loading this vehicle was subjected to
during the | MA40. Al so, the vehicle received its I1M40 test on
July 30, 1991, but ATL did not receive the vehicle fromthe owner
until August 12, 1991 and it did not receive its FTP test unti
August 15, 1991. The fact that the owner retai ned possession of
the vehicle for nearly two weeks between the [ane | M40 test, and

-23-



the FTP test is inportant because spark plugs that are msfiring
one day, wusually due to carbon deposits, can clean thenselves
under high tenperature operation, and have |less or no apparent
msfire on a different day. Al so, given the proverbial problem of
mal functions that do not exhibit thensel ves when the nechanic is
in the car, only to reappear during the trip honme, nost people can
easily relate to such intermttent problens. This vehicle's
passing FTP score is probably because the intermttent msfire
that occurred during the I M40, occurred to a | esser degree during
the FTP. This brings us back to the question; “Should the |IM40
standards be relaxed to avoid false failures?” The evidence
suggests that this car was correctly identified as needing repairs
by the 0.8/15.0/2.0 and 0.5/15.0 two-ways-to-pass standard, and
only passed the FTP by a fl uke. Therefore, EPA s judgenent is
that the debatably "false" failure of this vehicle is insufficient
justification for relaxing the standard.

4.3 Evaporative Test Errors of Conm ssion

In its submssion to the I/M docket, Toy ota comented that
sone vehicles that failed the purge or pressure test appeared to
be passing the current certification evaporative SHED test wth
conbi ned diurnal and hot soak emssions of less than 2 grans.
Toyota expressed concern that the existence of false evaporative
failures would make them responsible for a nore stringent, post-
certification regulatory requirenent that denies them "due
process. " EPA is also concerned about the possibility of
evaporative test false failures, and has identified five vehicles
which were potential evaporative test false failures froma |ist
of 20 failing vehicles. The test results fromthese five vehicles
are shown in Table 4-3.

The nmajority of the apparent false failures had serious
mechani cal problens, or evaporative system | eaks. In addition
t hese apparent evaporative false failures can be categorized into
those that nmay have occurred due to errors in performng the test,
and those that were due to an intermttent nalfunction of the
vehi cl e.
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Tabl e 4-3

Evaporati ve Test Results

As Recv Aft Rep
Runni ng  Runni ng
D ur nal Hot Soak Losses* Losses*

Veh Pre Pur Ml function (g/tst) (g/tst) (g/tst) (g/tst)
s g
1506 @ F P Loose Gas Cap 0.10 0.39  ----- -----
1689 P F  Purge TVS 0.74 0. 68 78. 6 4.4
1704 F P Gas Cap Seal 0. 96 0.73  -----  -----
1712 F P Vent Line 0.53 0. 45 190. 9 175.0
Leak
1714 F P Gas Cap Seal 1.09 0.46  -----  -----
*Running 1 oss em ssions are based on the Mdified LAA Running Loss Test at 95 0

F. The test consists of three consecutive LA4 driving schedul es conducted in
an encl osed SHED.

4.3.1 Vehi cl e 1689

This vehicle, a 1985 Mercury Marquis, was the only apparent
false purge failure. It received two purge tests. The first test
was at the lane, and a second confirnmatory test was done at the
contractor's lab. As Table 4-3 notes, the vehicle was shown to
have zero purge during the purge test. D agnosis of the vehicle
identified a stuck thermal vacuum switch controlling the
evaporative purge. Six subsequent running |loss tests showed this
vehicle to be a gross emtter. However, during two of the six
running loss tests (each test was three consecutive LA4 cycles),
the vehicle' s purge systemoperated intermttently, and provided a
total purge of 38 liters during one test, and 28 liters during the
other test (these are low levels of purge for a running |oss
test). During the renmaining four running loss tests the purge
flow was zero. Therefore, this vehicle denonstrated that it could
purge occasionally, but that in general it was not operating as
designed and should be considered a failure. In addition, after
repair of the thermal vacuum switch which controls purge flow,
this vehicle showed a dramatic reduction in running | oss em ssi ons
from78.6 grans HCOtest to 4.4 grans HJtest while its purge flow
was increased to a relatively consistent 85 liters per running
| oss test.

Because the failure node of this vehicle was of an
intermttent nature, it is possible that sufficient purge occurred
randomy on this vehicle. Thus, adequate purge nmay have occurred
prior to the hot soak and diurnal enabling the vehicle to pass
these tests. In any case, the data supports the fact that a
critical emssion control conponent mal functioned on this vehicle.

4.3.2 Vehi cl es 1596, 1714 and 1704

Vehi cl e 1596, a 1990 Chevrolet, was initially found to be a
pressure failure at the |lane when the system would not hold any
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pressure. This type of failure requires a substantial |eak which
is usually readily apparent. Nevertheless, the technician could
not identify the source of the leak even after attenpting two
pressure retests, both of which the vehicle passed. As a result

of the lane pressure initial test failure, the vehicle was
recruited to the lab for running loss testing and repair. Here,

it was again retested and found to clearly pass the pressure test.

Al though, the actual reason for the initial failure is unknown, it

is believed to be the result of inproper testing technique or
equi prent mal function which was apparently recognized by the
inspector (thus explaining why the vehicle was retested at the
| ane) . Thus, based on the retest results in the lane, this
vehi cl e shoul d never have been recorded as a failure.

Vehicle 1714, a 1986 Chevrolet, was also diagnosed as a
pressure failure at the |ane. The lane inspector identified a
leak near the gas cap or filler neck. This vehicle was then
retested at the contractor's |ab, and passed. However, the final
passing pressure was just over the standard of 8 inches of water
after two mnutes (below 8 inches of water is a failure). Thus, a
very smal|l | eak mght have been present depending on the tightness
of the gas cap, and the quality of the seal between the gas cap
and filler neck. At the tine, the |lane pressure test procedure
did not call for tightening the gas cap prior to the test.
However, the lane procedure did call for renoving the gas cap at
the end of the test to check for pressure in the tank. Follow ng
renoval , the inspector would then reinstate and properly tighten
the gas cap

At the |aboratory, gas caps have al ways been tightened prior
to conducting the pressure test. In addition, the |ane procedure
has been changed so that gas caps are tightened prior to the
pressure test.

Vehicle 1704, a 1983 Toyota, was al so di agnosed as a pressure
failure at the lane due to a leak identified near the gas cap.
However, after recruitnent to the lab, the vehicle marginally
passed two pressure tests, and was not recruited for running |oss
testing. Like vehicle 1714, it is probable that this vehicle had
a very snall leak due to the condition of the gas-cap/filler-neck
seal . The test procedure changes are expected to elimnate
failures such as these.

4.3.3 Vehicle 1712

Vehicle 1712, a 1987 Chevrolet, was found to have a leak in
the vent line at the connection between the rubber hose and the
steel line between the canister and the fuel tank. This |eak was
found after several pressure test failures at the lane and the
| ab. Mdified LA running loss tests (three consecutive LA4
cycles at 95 9 F) produced evaporative emssion |evels of nore than
190 grans over the 22 mle test. Li kewi se, nodified high
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tenperature (95 © F) diurnals produced emssion |evels of 44 grans
(hot soak) and 10 grans (diurnal). An after-repair running |oss
test was al so conducted resulting in running | oss emssions of 175
granms per test.

EPA views |/Mfalse failures as a significant problem and is
commtted to investigating and inplenenting strategies to prevent
their occurrence. For the evaporative system tests, such
strategies include tightening gas caps prior to the pressure test,
autonation and conputerized control of the test, test algorithns
that insure all sequence are properly performed, and refined
procedures to elimnate the possibility of technician testing

errors. It is not advantageous to falsely fail, and attenpt
repairs on vehicles which are passing the certification standards
and operating as designed. However, EPA also feels that

mal functions that cause excessive evaporative emssions from
vehicles in-use such as leaking gas caps, |eaking fuel tanks,

broken fuel tank vent l|ines, and nal functioning purge controllers

should be identified and repaired. It has been shown that both
the pressure and purge tests are effective at identifying vehicles

with these problens, while mnimzing the identification of the
vehi cl es wi thout such probl ens.

4.4 Approval of Aternative Tests

Al t hough the 1 M40, purge, and pressure test S represent EPA's
current trio of recommended high-tech tests, we do not rule out
the possibility of future, valid alternatives to these tests,
including fast-pass and fast-fail transient testing strategies
(see Section 4.5, "Tr ansi ent Testing Fast - Pass/ Fast - Fai |
Strategies"). States nmay seek approval of such strategies,
contingent upon the state's denonstrating to EPA' s satisfaction
that such strategies are at least as effective as EPA's
recommended tests at identifying excess emssions while
mai ntaining a conparably |low error-of-commssion rate. As the
sheer nunber of analyses contained in this report can attest, EPA
does not promulgate new testing strategies capriciously. Before
proposing the |1M40, purge, and pressure tests, EPA anassed a
conpelling body of data on each through pilot prograns conducted
in Maryland and Indiana (see Section 4.1) for further discussion
of these pilot studies). R gorous evaluations of each were
conducted to determne their effectiveness at identifying excess
emssions while mintaining low error-of-commssion rates.
Economc analyses were also conducted to assess the cost-
effectiveness of the tests, as no degree of technical excellence
will justify a testing strategy that is exorbitant in its overal
cost . For exanple, the FTP is the hallnmark against which I/M
testing strategies are neasured, but cannot itself be used as an
I/Mtest, given its cost.
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A nore detailed discussion of several currently proposed
hi gh-tech testing alternatives is included in Section 9.0 of this
report.

4.5 Transient Testing Fast-Pass/Fast-Fail Strategies

Anong the alternative testing strategies that make
environnental and econom c sense, the potential for fast-pass and
fast-fail transient testing ranks the highest. EPA is in the
process of | ooking at potenti al fast-pass and fast-fail
strategies, and prelimnary results suggest that roughly 33% of
the vehicles tested could be fast passed or failed based upon
anal ysis of data gathered during the first 93 seconds of the | M40
(i.e., Bag-1) using separate fast-pass and fast-fail cutpoints.

In evaluating potential fast-fail criteria, EPA |looked at a
sanple of 4,158 1983 and newer vehicles tested at the Hamond
| M40 | ane described in Section 4.1, 1,033 (or 24.8% of which
failed the |M40. 298 (or 28.8% of the 1,033 vehicles that
failed would have failed within the first 93 seconds of the test
if Bag-1 cutpoints of 2.5 gom HC, 50 gpm GO and 5.0 gpm NO X were
used; there were no errors-of-commssion. A though stricter Bag-1
cutpoints could be used to increase the percentage of fast-failed
vehicles, the error-of-conmmssion (Ec) rate would also rise. In
turn, when fast-pass Bag-1 cutpoints of 0.41/3.4/1.0 were used,
1,074 (or 34.4% of the 3,125 vehicles that passed overall passed
within the first 93 seconds of the test. Seven additional false
passes were al so recorded, resulting in an error-of-omssion rate
of 0.7% Tightening the fast-pass cutpoints to 0.25/1.5/1.0
elimnates the fal se passes but al so reduces the fast-pass rate to
13.2% Table 4-4 provides further details on the Bag-1 cutpoints
|looked at in this analysis. Wile nore devel opnent of fast-pass
and fast-fail criteria is needed, it is reasonable to conclude
that criteria can be developed to accurately pass and fail about
one third of all vehicles tested after only 93 seconds rather than
the full 240 seconds. Furthernore, EPA has begun collecting
second- by-second I M40 data. This will allow the devel opnent of
algorithns that will permt especially clean cars to pass well
bef ore 93 seconds, and others to pass after 93 seconds, but well
before 240 seconds. Ohce the algorithns are devel oped, only
vehicles that are close to the cutpoints are expected to continue
for the full 240 seconds to ensure that they are not falsely
fail ed.
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Tabl e 4-4

| M40 Bag- 1 Fast - Pass/Fast-Fail Anal ysis

Fai | Fai | Fai | Fast -
| M240 Fast - Fai | Fai | Fast - Fai | Fai |
Fast Fai | Tot al Tot al Bot h Only IDrate Ec Rate
0.8/ 15/ 2.5 1033 1297 902 395 87.3% 30.5%
2.0/40/4.0 1033 450 445 5 43. 1% 1.1%
2.5/50/5.0 1033 298 298 0 28. 8% 0. 0%
Pass Pass Pass Fast - Fal se-
I M240 Fast - Pass Pass Fast - Pass Pass Pass
Fast Pass Tot al Tot al Bot h Only ID Rate Rat e
0.8/ 15/ 2.5 3125 2861 2730 131 87.4% 12. 7%
0.41/3.4/1.0 3152 1081 1074 7 34. 4% 0. 7%
0.25/1.5/1.0 3125 413 413 0 13. 2% 0. 0%

Another area that EPA is investigating is the possibility
that the overall test tinme may be reduced. The IM40 is itself an
FTP-1ike short test based upon a nodified and condensed driving
cycle that takes as its reference the LA4 cycle used in the FTP.
EPA is currently investigating the possibility of further
abbreviating the test by conparing how well data from either of
the two hills of the I1M40 driving cycle (i.e., Bag-1 and Bag-2)
taken separately correlate with the current two-node | M40.
Prelimnary results based upon a sanple of 188 1983 and newer
fuel -injected vehicles which were recruited at the Indiana |/M
lane and subsequently retested wunder lab conditions (which
i ncluded each vehicle receiving an FTP) suggest that analysis of
Bag-2 (i.e., emssions sanpled during the second hill of the | M40
driving cycle) may be about as good as the full [IM40 when it
cones to identifying vehicles that would pass or fail on the basis
of the full test. Using Bag-2 cutpoints of 0.60/12 for HC and CO
respectively, and | ooking at Bag-2 results only, 90% of the excess
HC em ssions and 84% of the excess CO emssions were identified,
with an Ec rate of 0.7% as conpared to the full 1M40 using the
0.8/15 cutpoints only (i.e., no Bag-2 cutpoints), which identified
82% and 85% of the excess HC and CO em ssions, respectively, wth
an Ec rate of 0.8% These findings come with the caveat that they
are based upon a Bag-2 sanple which followed the Bag-1 portion of
the driving cycle, neaning that Bag-2's high degree of correlation
wth the M40 nmay be the result of preconditioning occuring
during the Bag-1 phase. Even if such is, in fact, the case, the
prospect of a shorter overall test time still seens good since
adequate preconditioning for Bag-2 could probably be obtained in
| ess than 93 seconds by nodifying Bag-1 to use a hi gher speed over
| ess tine.

To determ ne whether or not preconditioning is a factor, EPA

has begun testing a sanple of vehicles using what is, in effect, a
three bag test, beginning with the second hill of the |1M40
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driving cycle wup front (hence no possibility for "Bag-1"
preconditioning) followed by a regular 1M240. Once this data is
anal yzed, it should help EPA determne (1) whether or not
preconditioning is a factor in Bag-2's high degree of correlation
with the full test and (2) whether preconditioning would inprove

the correlation between Bag-1 and the full test. |In addition, as
nmentioned above, EPA has al so begun collecting second-by-second
data, which will allow us to determne whether or not there is

some point in the testing cycle by which tine if vehicle X is
emtting at arate Y, it will clearly pass or fail.

4.6 Estimating I/MTesting Oedits for MBI LE4. 1

As stated earlier, the data from the Indiana program were
anal yzed and re-assenbled in a manner which allows a conparison of
I/M program designs over a wde range of tine franes and
conditions, rather than just for the particul ar sanple of vehicles
tested in Indiana. This nethod for estimating the effect of 1/ M
program options on exhaust emssions (i.e., the I/M credit) is
fairly sinple. Using the emssion factor database, the fraction
of total vehicle FTP emssions which is identified by a particul ar
short test is determned for each of four strata of vehicles based
on FTP emssion level. Using a subsanple of vehicles which have
been repaired, the emssion reductions attributable to these I/M
triggered repairs is estinated for each strata. The Tech4.1 nodel
is used to calculate the emssions inpact of a given short test by
reducing the total FTP emssions identified at each age by the
estinmated emssion reductions resulting from I/M repairs. When
the fleet average emssion rates are recal cul ated by considering
the strata, the difference between the I/M and non-1/M case is
stored as an I/Mcredit for use in MBI LEA4. 1.

4.6.1 Tech4. 1 Background and Assunpti ons

The Tech4.1 nodel divides the 1981 and newer |ight-duty
gasoline vehicle (LDGY) sanple into several groups. The 1981 and
1982 nodel years are kept separate fromthe 1983+ nodel years. In
each nodel year group, the vehicles are divided by technol ogy type
into closed-1oop port fuel injection (PFl), closed-loop throttle-
body fuel injection (TBI), closed-loop carbureted (Carb) and all
(carbureted and fuel injected) open-loop (ol p). Further, each of
these groups are divided into emssion levels for Normal, H gh,
Very Hgh and Super emtters. Table D1 in Appendix D provides
details on national fleet averages for passenger vehicle
di stributions by nodel year and technol ogy type; Tables D2 and D
3 provide data on emtter groups by nodel year group, technol ogy
type, emssion |levels and rates, and m| eage accunul ati on.

The nodel allows a separate IDR and repair effectiveness
estimate for each of these divisions of the data by I/Mtest type,
as illustrated in Table 4-5. It should be noted that the |IDRs
listed in Table 4-5 for the traditional I/Mtests (i.e., the idle
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and 2500 rpnildle tests) are based upon historical emssion factor
data gathered at EPA's National Vehicle and Fuel Em ssions Lab
(NVFEL) in Ann Arbor, Mchigan, as well as el sewhere, and not at
the Harmond, Indiana test lane. The IDRs nentioned el sewhere in
this report (Appendices C and F, for exanple) were derived as part
of the Hammond study, and are not divided by emtter group, as is
the case in Table 4-5.

In practice, because of snall sanple sizes, several of the
divisions represented in Table 4-5 share information. In
particular, the small anount of steady-state Loaded/ldle testing
required that all vehicles wthout Loaded/ldle testing be assuned
to have the same short test result for Loaded/ldle testing as they
had for the 2500 rpnildle test for the purpose of determning the
IDR for the Loaded/1dle test.

For Super emtters (vehicles over 10 gpm HC or 150 gpm QO ,
the IDR is the sane for all technologies, but is separate for
1981-82 and 1983+ vehicles. Mst 1981-82 vehicles are carbureted.
Most 1983+ vehicles are fuel injected. There are no Super open-
| oop vehicles in the sanple.

The two fuel injection groups in the 1981-82 grouping use the
samre IDRs for Very Hgh emtters (vehicles over 1.64 gpm HC or
13.6 gpm GO, Hgh emtters (vehicles over 0.82 gpmHC or 10.2 gpm
GO and Nornals. In some cases, such as the Hgh emtters, the
1983+ open-1 oop and carbureted technol ogi es were conbi ned.

Repair effectiveness (Table 4-6) was determned by dividing
the repaired sanple by technology into PFl, TBI and Carb. Mbde
year grouping was not used. To be eligible for the repair
effectiveness analysis, a repaired vehicle nmust first fail the
short test of interest before repairs, and then after repairs,
must pass the sane short test. Thus, different sanples of
repaired vehicles were used for each short test. The sanple was
then ranked by before repair emssion |evel and divided into four
equal -si zed subgroups of increasingly nore severe emssions
failure. The before and after repair emssion |levels of each
subgroup were then determ ned.

Wen plotted, before repair emssion |evel versus after r epair
emssion level, these four emssion failure points represent a
t echnol ogy specific function used to det er m ne repair
ef f ecti veness. CGenerally, the vehicles with higher before repair
emssion levels get larger absolute emssion reductions from
repairs, but do not reach as clean a level after repairs as
vehicles which began with a mlder degree of emssion failure.
Before repair emssion levels of Hgh, Very Hgh and Super emtters
in many cases wll fall between the calculated points, and so had
their after repair emssion levels determned by interpolation.
Before repair emssion levels lower than the lowest point were
interpolated between the low point and zero. Before repair
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em ssion | evel s above the highest point were assuned to be the sane
as the hi ghest point.

Since few of the repaired vehicles had Loaded/ldl e or |M40
testing data, it was assuned that vehicles repaired using a
Loaded/Idle test and the IM240 test would use the sane before and
after repair curve as the 2500 rpnildle testing. EPA is being
conservative in assumng that vehicles failing the Loaded/|ldl e test
or the IM40 test, after repair, will have the same after repair
emssion level as we estimate for the 2500 rpnmildle test vehicles.
However, since the failure rates of vehicles in the high emtter
groups are larger for the Loaded/ldle test and the | M40 transient
test than for the 2500 rpnildlie test, the total em ssion reduction
due to repairs will be larger.

As an exanple, the zero mle HC emssion level of Very H gh
emtters for 1983+ PFI vehicles is 2.019 gpm and their slope is
taken to be the same slope as the Normals (i.e., 0.0115 gpm 10, 000
mles) (see Table D 2). At 5 years old, the average mleage of
these vehicles will be 60,829 mles. The non-1/Memssion level is
t her ef or e:

2.019 + .0115*6. 0829 = 2.089 gpm

Assumng a 2500 rpnmildlie test is done, the HC IDR (see Table
4-5) for this group is 0.6187, or nearly 62% of the total em ssions
from these vehicles is identified by failing vehicles using the
2500 rpmidie test. Table 4-6 shows the results of a data anal ysis
indicating the predicted average after repair levels given the
before repair emssion |evel. The series of points in the table
are used to predict the after repair emssion levels for all
emtter groupings, only dependent on the average before repair
emssion level for that group. The before repair emssion |evel
falls between the two emssion |levels 1.9846 and 3.9314. The after
repair levels for these emssions are 0.59231 and 1.0271
respectively. Interpolating, the after repair level for the 2.089
gpm before repair emssion |level is:

0. 59231+( (2. 089- 1. 9846) / (3. 9314- 1. 9846) ) * (1. 0271- 0. 59231) =0. 6153

Therefore the after repair HC emssion level for 5 year old,
1983+ PFI vehicles tested on the 2500 rpnildle test is:

0.6187*0. 6153 + (1-0.6187)*2.089 = 1.1772 gpm

Conparing the I/M and non-I/M cases indicates the "I/M
benefit" anmong Very H gh emtters.

(2.089-1.1772)/2.089 = 43.6%

In the Tech4.1 nodel, the technologies and emssion
categories are conbined before an average |/M benefit for the
nodel year is cal cul at ed.
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4.6.2 Evaporative and Runni ng Loss Mbdel i ng, and t he

Ef f ecti veness of Purge/ Pressure Testing

A large part of the additional emssion reduction avail able
through the use of high-tech I/M tests is the result of the
evaporative and running | oss em ssion reductions achieved by the
repair of vehicles which fail the new evaporative system pressure
and purge tests. The effectiveness of evaporative system pressure
and purge checks in reducing the rate of pressure and purge
probl ens was cal cul ated assumng that prograns with these checks
woul d detect 100% of all problens detected by the EPA checks run
in the Haomond |1/M program  This assunes that the program wl |
use nethods simlar to the procedures used in Indiana. Al though
all of the pressure and purge problens are assuned to be detected,
since sone problens will re-occur with tinme, the average rate of
probl ens over the inspection cycle will not be zero.

For purposes of determnation of program effectiveness, the
conbi ned evaporative system pressure and purge failure rates from
over 2,400 vehicles tested in Indiana were used. The resulting
effecti veness estinmates were then used for application of pressure
checks, purge checks and conbi ned pressure and purge checks in the
MBI LE4. 1 nodel .

The average reduction in the rate of failure is calcul ated by
determning the rate of failure at the mdpoint between two
vehi cl e ages. The effect of inspection can be visualized by
plotting the non-programrate over age with the cal cul ated before
and after repairs failure rate estimates assumng inspection (see
figure in Appendix B). At each age, vehicles due for inspection
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4-5

Short Test ldentification Rates *

Super Emtters

Test Model PFI PFI TBI TBI Carb Carb Ol p Ol p
Type ~ Years  HC @ HC @ HC @ He @
I dl e Test 81-82 0.6048 0.6968 0.6048 0.6968 0.6048 0.6968 0.0000 0.0000
I dl e Test 83+ 0.8978 0.9656 0.8978 0.9656 0.8978 0.9656 0.0000 O0.0000
2500/ 1 dl e 81-82 0.6523 0.8577 0.6523 0.8577 0.6523 0.8577 0.0000 0.0000
2500/ 1 dl e 83+ 0.8978 0.9656 0.8978 0.9656 0.8978 0.9656 0.0000 O0.0000
Load/ I dl e 81-82 0.6523 0.8577 0.6523 0.8577 0.6523 0.8577 0.0000 0.0000
Load/ I dl e 83+ 0.8978 0.9656 0.8978 0.9656 0.8978 0.9656 0.0000 0.0000
| M240 81-82 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.0000 O.0000
| M240 83+ 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 O.0000 O0.0000
Very Hgh Emtters
I dl e Test 81-82 0.2736 0.3231 0.2736 0.3231 0.3858 0.4108 0.4568 0.5194
I dl e Test 83+ 0.5676 0.6129 0.2651 0.2695 0.3640 0.3180 0.3640 0.3180
2500/ 1 dl e 81-82 0.2736 0.3231 0.2736 0.3231 0.4789 0.5331 0.6197 0.6162
2500/ 1 dl e 83+ 0.6187 0.7465 0.3616 0.4206 0.5684 0.6832 0.5684 0.6832
Load/ I dl e 81-82 0.2736 0.3231 0.2736 0.3231 0.5476 0.6037 0.6197 0.6162
Load/ I dl e 83+ 0.6187 0.7465 0.3904 0.4337 0.5684 0.6832 0.5684 0.6832
| M240 81-82 0.8920 0.9460 0.8770 0.8750 0.8760 0.8680 0.8760 0.8680
| M240 83+ 0.8800 0.9400 0.8600 0.8600 0.9400 0.8300 0.9400 0.8300
Hgh Emtters
Idl e Test 81-82 0.0506 0.1135 0.0506 0.1135 0.0563 0.0492 0.2274 0.1522
I dl e Test 83+ 0.2507 0.2208 0.0336 0.0613 0.0694 0.0415 0.0694 0.0415
2500/ 1 dl e 81-82 0.0506 0.1135 0.0506 0.1135 0.0898 0.0834 0.2274 0.1522
2500/ 1 dl e 83+ 0.3436 0.3501 0.1924 0.1532 0.0694 0.0415 0.0694 0.0415
Load/ I dl e 81-82 0.0506 0.1135 0.0506 0.1135 0.0910 0.0896 0.2274 0.1522
Load/ I dl e 83+ 0.3866 0.3937 0.1924 0.1532 0.0694 0.0415 0.0694 0.0415
| M240 81-82 0.0930 0.0600 0.5080 0.4190 0.1820 0.2060 0.1820 0.2060
| M240 83+ 0.1300 0.0800 0.5100 0.4200 0.1800 0.2200 0.1800 0.2200
Normal Emtters
I dl e Test 81-82 0.0556 0.0774 0.0139 0.0139 0.0188 0.0204 0.0093 0.0131
Idl e Test 83+ 0.0360 0.0414 0.0425 0.0436 0.0023 0.0078 0.0023 0.0078
2500/ 1 dl e 81-82 0.0556 0.0774 0.0139 0.0139 0.0371 0.0427 0.0201 0.0317
2500/ 1 dl e 83+ 0.0575 0.0694 0.0476 0.0514 0.0140 0.0156 0.0065 0.0208
Load/ I dl e 81-82 0.0556 0.0774 0.0139 0.0139 0.0371 0.0427 0.0201 0.0317
Load/ I dl e 83+ 0.0907 0.1023 0.0712 0.0739 0.0140 0.0156 0.0231 0.0403
| M240 81-82 0.0450 0.0560 0.0970 0.0750 0.1340 0.1200 0.1340 0.1200
| M240 83+ 0.0500 0.0600 0.1000 0.0800 0.2400 0.2100 0.2400 0.2100

* ldentification Rate (IDR) is the fraction of the total sanple em ssions
fromvehicles failing the short test.
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Tabl e 4-6

Short Test Repair Effectiveness

| e Test
| e Test
| e Test
| e Test

| e Test
| e Test
dl e Test
| dl e Test

2500 rpm 1 dl e*
2500 rpm 1 dl e*
2500 rpm 1 dl e*
2500 rpm 1 dl e*

2500 rpm 1 dl e*
2500 rpm 1 dl e*
2500 rpm 1 dl e*
2500 rpm 1 dl e*

* Also used for Loaded/ldle and | M40 repair effects.

are checked and necessary repairs nade.
I ncr eases
The sl ope of

rate of failures
i nspection again.

8888 &&&55 8888 #6558

PFI / TBI Car b/ Qol p

Bef or e After Bef or e After
Repai r Repai r Repai r Repai r
0. 7400 0. 4108 0. 9677 0. 6224
1.9223 0. 6062 2.0226 1.1894
3.9023 1.0769 3. 1063 1. 3254
14. 2820 1. 3808 8. 5543 1. 5286
9. 2708 4.9900 10. 4870 9. 8624
28. 0310 9. 4669 29. 5500 12. 9690
90. 0380 12. 1480 53. 5200 17. 4340
190. 6600 20.6200 134. 7500 18. 2810
0. 8267 0. 4075 0. 9303 0. 5764
1. 9846 0. 5923 1.9431 1. 0349
3.9314 1.0271 2.9862 1.1413
14. 2820 1. 3808 8. 2523 1.4141
10. 3340 4. 8950 10. 6220 9. 2808
35. 5180 9. 8631 29. 0530 12. 4890
104. 5000 11. 9250 54. 2820 13. 1900
190. 6600 20.6200 136.9700 13. 5960

inspections is assumed to be equal

line for that

t he non- program case.

Wth an inspection program at
year,
t heref ore,
at
Ther ef or e,
25%to reflect repairs on the vehicles due for inspection.
vehicles are inspected each year
The failure rate after
is 100%

year equal s the node
due for inspection;
an annual inspection,
year old or ol der.

second year, all
repair
al ways zero,

vehi cl e age.
pattern of rates resenbling a saw bl ade.
rates is then the average value of the "saw teeth"

rate is always zero
since the detection

age one,

until

25% of

rate

age ze

ro,
no vehicles are yet one year
no reductions are nade.
t he nodel
the rate at one year is reduced by

Bet ween i nspecti ons,
the vehicles
this failure

rate

year

Ther ef or e,

t he

are due for
['ine between
to the sl ope of the non-program
This creates a rising and falling
The average reduction in
conpared with

when the cal endar
old and
Assum ng

is one

By the

and the after
a check is

t he

mdpoint failure rate is half the nunber of failures that occur in
that year, once inspections begin. 1In the biennial case, vehicles
are inspected every other year and the rate of failures
accunul ates in the years between inspections.
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This method was used in a conputer spreadsheet to calculate
the reduction in failures from evaporative system pressure and
purge checks used in the M®BILE4.1 nodel. The spreadsheet is
shown in Appendix B with and without formulas. The spreadsheet
originally contained errors which caused the benefits used in the
MBI LE4.1 nodel to be snaller than the estimates reported in this

docurment (which are based upon the corrected spreadsheet). The
version of MOBILE4.1 released to the public does not yet reflect
t hese changes, although they wll be incorporated into the next

MCBI LE r el ease.

4.6.3 Benefits of |1 M240 NOX | nspections

None of the existing I/M program nodels or the M®BILE4. 1
nodel itself are designed to estimate the effect of NO X €em ssion
inspection as part of an I/Mprogram Therefore, to estimate the
effect of an [IM40-based NO x inspection, a sinple nodel was
devel oped.

A sanple of over 3,200 1983 and newer nodel year vehicles,
tested in Hamond, Indiana using the |IM40 test procedure, was
anal yzed. The sanple was divided into three technol ogy groups:
mul ti-point fuel injection vehicles, throttle-body fuel injection
vehi cl es and carbureted vehicles. Two NO x cutpoint cases were
exam ned for each technology, one with a 10% failure rate and one
with a 20%failure rate.

Using an emssion correlation mapping between |1M40 NO X
measurenents and NO x neasured on the FTP, an FTP NO x em ssion

level was estinmated for each vehicle in the sanple. A linear

| east-square regression was run for estimated FTP NO x emssions
versus m | eage for each technology for two nodel year groups: 1983
through 1985 nodel year vehicles and 1986 and newer nodel vyear
vehicles. The regressions were then run agai n excludi ng vehicles
which fail the M40 NO x inspection first using the 10% failure
rate cutpoints and then the 20% failure rate cutpoints. The
exclusion of the higher NO x emtters was intended to represent
their deletion fromthe fleet through repairs.

Using the technology mx used in MXBILE4.1, the regressions
were wei ghted together to produce emssion factor zero mle |levels
and deterioration rates for each nodel year from 1983 through
1992. The difference in the emssion |levels between the cases
with and without NO x failures renoved is assuned to be the benefit

from the M40 NO x emssion test with only NO x-related repairs
perfornmed. Results are shown in Table 4-7.

Since it is expected that nmost NO x emssion testing wll be

done along with testing for HC and GO em ssions, the side effect
of HC and QO repairs on NO x emssions should also be accounted
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for. This effect is ignored in the standard MXBILE4.1 nodel.
Typically, NOx emssions wll increase, on average, when HC and QO

emssion repairs are perforned. The extent of this NO X €em ssion
di sbenefit was determned by calculating average NO x em ssion

| evel s corresponding to the Normal, Hgh, Very Hgh and Super
HZ QO emtter categories used in the MBI LE4.1 Tech4 nodel .

Using the post-repair emssion |levels of the same vehicles
used to calculate the after repair emssion levels for HC and QO
emssions, the NO x emssion |evels of these vehicles after repairs

were determned. These NO x emssion levels are not the result of
NOx-related repairs, but a by-product of HC and CO em ssion

repairs. Using the standard HCZ QO 2500 rpmiidlie test IDRs al ong
with the repair effects on NO x and the NOyx emssion rates by

emtter group in the Techd4 nodel, the effect of NO x disbenefits
was determned for each age of each nodel year (see Table 4-8).

The NOx disbenefits, as a percent change, are applied to the

emssion levels estimated from the regression equations at each
age. The resulting NO x emssion levels by age are regressed

versus mleage for each nodel year to give the final emssion
factor equation for NO x. Conparing the emssion factor results of

the baseline case with the cases with 10% or 20% NO X €em ssion

testing failure rates was done to estimate the benefits, in tons,
of the I1M240 NO x emssion test. Results are shown in Table 4-9.

For exanple, at age 5 and nean mleage of 60,829 mles, the “20%
fail” IM40 NO x cutpoints wll reduce 1992 nodel year NO x from

0.887 to 0.710 gpm a reduction of 20%

The final emssion factors were used as alternate input to
the MBILE4.1 nodel and, in conbination with the CEMi. 1 nodel,
used to calculate the tons of NO x emssion benefit from use of

| M40 NOyx cutpoints. These benefits were used in applying the

cost credit. It should be noted that since both the cases with
and without the 1 M40 NO x inspection cutpoints should include the

di sbenefits of HZJ QO repairs, the disbenefits do not effect the
calculation of increnental NO x reduction from |IM40 cutpoints.

For sinplicity and consistency, therefore, the disbenefits were
not applied to the I/Mscenarios involving only HZ QO cut poi nts.
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Tabl e 4-7

Lane | M40 Based Em ssion Factor Levels with | M40 NO x Qutpoints
Age 0 1 2 3 4 5 6 7 8 9 10 11 12
Miles 0 1.3118 2.6058 3.8298 4.9876 6.0829 7.119 8.0991 9.0262 9.9031 10.7326 11.5172 12.2594
Y ear Base
1983 1146 1197 1248 1296 1341 1.384 1425 1463 1499 1533 1566 1597  1.626
1984 1048 1115 1181 1243 1303 1.359 1412 1462 1509 1554 159 1636  1.674
1985 0983 1049 1114 1175 1233 1288 1340 1.389 1436 1480 1521 1561  1.598
1986 0.608 0.683 0.758 0.828 0.895 0958 1.017 1074 1127 1177 1225 1270 1313
1987 0593 0669 0744 0815 0.882 0946 1006 1.063 1117 1168 1216 1262  1.305
1988 0561 0.633 0705 0773 0.837 0.897 0954 1009 1.060 1108 1.154 1198  1.239
1989 0570 0639 0707 0772 0.833 0.890 0945 0997 1046 1.092 1136 1177 1216
1990 0550 0.614 0677 0737 0794 0847 0.898 0946 0991 1034 1075 1113  1.149
1991 0547 0610 0672 0731 0787 0840 0.889 0936 0981 1.023 1063 1101  1.136
1992 0547 0610 0671 0729 0784 0837 0.886 0932 0977 1018 1058 1.095  1.130
10% Fail
1983 1078 1092 1106 1120 1.132 1144 1155 1166 1176 1185 1194 1203 1211
1984 1036 1051 1066 1080 1.093 1.105 1.117 1128 1139 1149 1158 1167 1176
1985 0970 0984 0998 1011 1023 1034 1045 1056 1.065 1.074 1.083 1.091  1.099
1986 0.600 0.650 0.699 0746 0790 0.831 0.871 0908 0943 0977 1008 1.038  1.067
1987 0591 0.640 0.688 0734 0777 0817 0.856 0893 0927 0960 0991 1.020  1.047
1988 0559 0.603 0.647 0.688 0727 0764 0.800 0.833 0864 0894 0922 0948 0973
1989 0556 0.600 0.643 0684 0723 0759 0794 0827 0858 0887 0914 0941  0.965
1990 0529 0569 0.608 0645 0681 0714 0745 0775 0803 0830 0855 0.879  0.901
1991 0525 0564 0.602 0639 0673 0706 0737 0766 0793 0820 0844 0.868  0.890
1992 0523 0562 0.600 0636 0670 0703 0733 0762 0790 0816 0840 0.864  0.885
20% Fail
1983 0985 0.992 0999 1006 1012 1018 1.023 1.028 1033 1038 1042 1046  1.050
1984 0955 0962 0.968 0974 0979 0984 0989 0994 0999 1.003 1.007 1011  1.014
1985 0911 0917 0922 0927 0932 0937 0941 0945 0949 0953 0956 0.959  0.962
1986 0591 0629 0.666 0702 0735 0766 0796 0.825 0851 0877 0901 0923 0945
1987 0582 0619 0656 0691 0724 0755 0785 0.813 0.839 0864 0888 0910 0932
1988 0551 0586 0.621 0654 0685 0715 0743 0769 0794 0818 0840 0.861  0.881
1989 0550 0585 0.619 0652 0683 0712 0739 0765 0790 0813 0835 0.856  0.875
1990 0525 0558 0590 0.621 0.650 0677 0703 0728 0751 0773 0793 0.813  0.832
1991 0521 0553 0585 0616 0644 0671 0697 0721 0744 0766 0786 0.805  0.824
1992 0520 0552 0584 0614 0642 0669 0695 0719 0741 0763 0783 0.803  0.821
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13

12.9615

1.653
1.710
1.633
1.353
1.345
1.278
1.253
1.183
1.170
1.164

1.218
1.184
1.107
1.093
1.074
0.997
0.989
0.923
0.911
0.906

1.054
1.018
0.965
0.965
0.952
0.900
0.894
0.849
0.841
0.838

14

13.6257

1.679
1.744
1.666
1.392
1.384
1.314
1.288
1.216
1.202
1.195

1.226
1191
1114
1.119
1.098
1.020
1.011
0.943
0.931
0.926

1.058
1.021
0.968
0.984
0.971
0.918
0.912
0.866
0.858
0.854

15

14.254

1.704
1.776
1.698
1.428
1.420
1.349
1.321
1.247
1.232
1.225

1.232
1.198
1.120
1.143
1122
1.041
1.032
0.962
0.949
0.944

1.061
1.024
0.971
1.002
0.988
0.935
0.928
0.882
0.873
0.870

16

14.8483

1.727
1.807
1.728
1.462
1.455
1.382
1.353
1.276
1.261
1.254

1.239
1.205
1.126
1.165
1.144
1.061
1.052
0.980
0.967
0.962

1.064
1.027
0.973
1.019
1.005
0.951
0.944
0.896
0.888
0.885

17

15.4104

1.749
1.835
1.756
1.494
1.488
1.413
1.382
1.303
1.288
1.280

1.245
1211
1.132
1.187
1.165
1.080
1.071
0.997
0.984
0.979

1.067
1.029
0.976
1.035
1.021
0.966
0.959
0.910
0.902
0.898

18

15.9421

1.770
1.863
1.782
1.525
1.519
1.442
1.410
1.329
1.313
1.306

1.251
1.218
1.138
1.207
1.185
1.098
1.088
1.013
1.000
0.994

1.070
1.032
0.978
1.051
1.037
0.980
0.973
0.924
0.915
0.911

19

16.4451

1.790
1.888
1.808
1.554
1.548
1.470
1.437
1.354
1.338
1.329

1.256
1.223
1.143
1.226
1.203
1.115
1.105
1.028
1.015
1.009

1.073
1.034
0.980
1.065
1.051
0.994
0.987
0.936
0.927
0.924

Tabl e 4-7

cont i nued

20

16.9209

1.808
1.913
1.831
1.581
1.575
1.497
1.462
1.377
1.360
1.352

1.261
1.229
1.148
1.244
1.221
1131
1121
1.043
1.029
1.023

1.075
1.037
0.982
1.079
1.065
1.006
0.999
0.948
0.939
0.935

21

17.3712

Base

1.826
1.936
1.854
1.607
1.602
1521
1.486
1.399
1.382
1.374

22

17.7969

1.842
1.957
1.875
1.632
1.626
1.545
1.508
1.420
1.402
1.394

10% Fail

1.266
1.234
1.153
1.261
1.238
1.146
1.136
1.056
1.042
1.037

1.271
1.239
1.157
1.277
1.254
1.161
1.150
1.069
1.055
1.049

20% Fail

1.077
1.039
0.984
1.092
1.077
1.019
1.011
0.959
0.950
0.947

-30-

1.080
1.041
0.986
1.104
1.090
1.030
1.022
0.970
0.961
0.957

23

18.1997

1.858
1.978
1.896
1.655
1.650
1.567
1.530
1.439
1.422
1.413

1.275
1.243
1.162
1.293
1.269
1174
1.164
1.081
1.067
1.061

1.082
1.043
0.987
1.116
1.101
1.041
1.033
0.980
0.971
0.967

24

18.5806

1.873
1.998
1.915
1.677
1.672
1.588
1.550
1.458
1.440
1.431

1.279
1.248
1.166
1.307
1.283
1.187
1.176
1.093
1.078
1.072

1.084
1.045
0.989
1.127
1112
1.051
1.043
0.990
0.980
0.976

25

18.941

1.887
2.016
1.933
1.698
1.693
1.608
1.569
1.476
1.457
1.448

1.283
1.252
1.169
1.321
1.296
1.199
1.188
1.104
1.089
1.083

1.086
1.046
0.990
1.137
1122
1.061
1.053
0.999
0.989
0.985

Age

Miles

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

Regression

ZML

1.146
1.048
0.983
0.608
0.593
0.561
0.570
0.550
0.547
0.547

1.078
1.036
0.970
0.600
0.591
0.559
0.556
0.529
0.525
0.523

0.985
0.955
0.911
0.591
0.582
0.551
0.550
0.525
0.521
0.520

DET

0.0391
0.0511
0.0501
0.0575
0.0581
0.0553
0.0527
0.0489
0.0481
0.0476

0.0108
0.0114
0.0105
0.0381
0.0372
0.0338
0.0334
0.0303
0.0298
0.0296

0.0053
0.0048
0.0042
0.0288
0.0285
0.0269
0.0265
0.0250
0.0247
0.0246



Age
Miles
Y ear

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

0

0

0.61
0.63
0.63
0.51
0.50
0.47
0.47
0.46
0.45
0.45

0.61
0.63
0.63
0.51
0.50
0.47
0.47
0.46
0.45
0.45

0.61
0.63
0.63
0.51
0.50
0.47
0.47
0.46
0.45
0.45

1

1.3118

0.67
0.69
0.69
0.56
0.55
0.52
0.52
0.50
0.50
0.50

0.69
0.71
0.70
0.58
0.56
0.53
0.54
0.52
0.52
0.52

0.69
0.71
0.71
0.58
0.57
0.54
0.55
0.53
0.53
0.53

Tabl e 4-8

Side Effects of I/Mon NOXx Em ssi ons

(D sbenefit of HZ QO repairs)

2 3 4 5 6 7 8 9

26058 3.8298 49876 6.0829 7.119 8.0991 9.0262 9.9031

Base

0.74 0.80 0.86 0.91 098 104 110 115
0.75 0.81 0.87 0.92 099 105 111 117
0.74 0.79 0.84 0.89 09 102 1.09 114
0.62 0.67 0.72 0.76 081 085 0.89 0.92
0.60 0.64 0.69 0.73 077 081 084 0.88
0.56 0.60 0.64 0.68 072 075 0.78 0.81
0.57 0.62 0.66 0.70 074 078 081 0.85
0.55 0.59 0.64 0.68 071 075 0.78 0.82
0.55 0.59 0.63 0.67 071 075 0.78 0.81
0.55 0.59 0.63 0.67 071 075 0.78 0.82

Idle

0.76 0.82 0.88 0.93 099 105 110 115
0.77 0.83 0.88 0.93 100 106 112 117
0.76 0.81 0.86 0.90 097 104 1.09 115
0.64 0.69 0.74 0.78 083 087 091 0.95
0.61 0.66 0.71 0.75 080 084 087 0.91
0.58 0.63 0.67 0.71 075 078 0.82 0.85
0.59 0.64 0.69 0.73 077 081 085 0.88
0.57 0.62 0.66 0.70 074 078 0.82 0.85
0.57 0.62 0.66 0.70 074 078 0.82 0.85
0.57 0.62 0.66 0.70 074 078 0.82 0.85

Two Speed

0.76 0.83 0.88 0.93 100 105 110 115
0.78 0.83 0.88 0.93 100 106 112 117
0.76 0.82 0.86 0.91 097 104 110 115
0.64 0.70 0.75 0.79 084 088 0.92 0.96
0.62 0.67 0.72 0.76 081 085 0.89 0.92
0.59 0.63 0.68 0.72 076 080 083 0.87
0.60 0.65 0.70 0.74 078 082 086 0.90
0.58 0.63 0.67 0.72 076 080 084 0.87
0.58 0.63 0.67 0.71 076 080 083 0.87
0.58 0.63 0.67 0.72 076 080 084 0.87
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10

10.7326

1.20
122
1.20
0.96
0.91
0.84
0.88
0.85
0.85
0.85

1.20
122
1.20
0.98
0.94
0.88
0.91
0.88
0.88
0.88

1.20
122
1.20
1.00
0.96
0.90
0.93
0.90
0.90
0.90

11

11.5172

1.25
1.27
1.25
0.99
0.94
0.87
0.91
0.88
0.87
0.88

1.25
1.27
1.25
1.02
0.97
0.90
0.94
0.91
0.91
0.91

1.25
1.27
1.25
1.03
0.99
0.93
0.96
0.93
0.93
0.93

12

12.2594

1.30
1.32
1.30
1.02
0.97
0.89
0.94
0.90
0.90
0.90

1.29
131
1.30
1.05
1.00
0.93
0.97
0.94
0.94
0.94

1.29
131
1.30
1.06
1.02
0.95
0.99
0.96
0.96
0.96



13

12.9615

134
1.36
135
1.05
1.00
0.92
0.96
0.93
0.93
0.93

133
1.36
134
1.07
1.02
0.95
0.99
0.96
0.96
0.96

133
135
134
1.09
1.04
0.98
101
0.98
0.98
0.98

14

13.6257

1.38
1.40
1.39
1.08
1.02
0.94
0.99
0.95
0.95
0.95

1.37
1.39
1.38
1.10
1.05
0.97
1.02
0.99
0.98
0.99

1.36
1.39
1.38
112
1.07
1.00
1.04
101
1.00
101

15

14.254

141
144
141
1.10
1.04
0.96
101
0.98
0.97
0.98

1.40
1.43
141
113
1.07
0.99
1.04
101
101
101

1.39
142
1.40
114
1.09
1.02
1.06
1.03
1.03
1.03

16

14.8483

1.44
1.46
1.44
113
1.07
0.98
1.03
1.00
1.00
1.00

1.42
145
1.42
115
1.09
101
1.06
1.03
1.03
1.03

1.42
145
1.42
117
111
1.04
1.08
1.05
1.05
1.05

17

15.4104

147
1.49
145
115
1.09
1.00
1.05
1.02
1.02
1.02

144
147
144
117
111
1.03
1.08
1.05
1.04
1.05

144
1.46
144
1.19
1.13
1.06
1.10
1.07
1.07
1.07

18

15.9421

1.49
151
147
117
111
1.02
1.07
1.04
1.03
1.04

1.46
1.49
1.46
1.19
1.13
1.05
1.10
1.06
1.06
1.07

1.46
1.48
145
121
115
1.08
112
1.09
1.08
1.09

19

16.4451

151
153
1.48
1.19
113
1.04
1.09
1.05
1.05
1.06

1.48
1.50
147
121
115
1.07
112
1.08
1.08
1.08

147
1.50
1.46
1.23
117
1.09
114
1.10
1.10
1.10

Tabl e 4-8

22

17.7969

1.56
1.58
153
1.25
1.18
1.08
114
1.10
1.10
111

153
155
1.50
1.26
1.20
111
1.16
112
112
113

1.52
154
1.50
1.28
1.22
1.13
1.18
114
114

conti nued -
20 21

16.9209 17.3712
Base
153 1.55
1.54 1.56
1.50 1.51
121 123
1.15 1.16
1.05 1.07
1.11 1.13
1.07 1.09
1.07 1.09
1.07 1.09
Idle
1.50 1.52
1.52 153
1.48 1.49
123 125
1.17 1.18
1.08 1.10
1.13 1.15
1.10 1.11
1.09 1.11
1.10 1.11

Two Speed
1.49 1.51
1.51 153
1.48 1.49
124 1.26
119 1.20
1.11 1.12
1.15 1.17
1.12 1.13
1.11 1.13
1.12 1.13
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115

23

18.1997

1.58
159
1.54
1.26
1.19
1.10
1.16
112
112
112

154
1.56
151
1.28
121
112
117
114
114
114

153
155
151
1.29
1.23
114
1.19
1.16
115
1.16

24

18.5806

1.60
1.60
155
1.28
121
111
117
113
113
113

1.56
157
152
1.29
1.22
113
1.19
115
115
115

155
1.56
1.52
1.30
124
1.16
121
117
117
117

25

18.941

161
1.62
1.56
1.29
1.22
112
1.18
114
114
115

157
1.58
153
1.30
124
114
1.20
1.16
1.16
1.16

1.56
157
153
1.32
1.25
117
1.22
1.18
1.18
1.18

Model

Y ear

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

Regression

ZML

0.601
0.617
0.614
0.511
0.497
0.470
0.475
0.455
0.453
0.452

0.628
0.640
0.637
0.530
0.516
0.491
0.497
0.479
0.477
0.476

0.637
0.645
0.642
0.535
0.521
0.497
0.503
0.487
0.485
0.485

DET

0.0550
0.0549
0.0527
0.0415
0.0383
0.0345
0.0375
0.0364
0.0365
0.0367

0.0519
0.0524
0.0505
0.0414
0.0385
0.0350
0.0377
0.0367
0.0367
0.0369

0.0509
0.0516
0.0499
0.0421
0.0395
0.0362
0.0385
0.0374
0.0374
0.0376



Age
Miles
Y ear

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

Tabl e 4-9

Lane | M40 Based Em ssion Factors with | M40 Qutpoints

0

0

1.146
1.048
0.983
0.608
0.593
0.561
0.570
0.550
0.547
0.547

1.078
1.036
0.970
0.600
0.591
0.559
0.556
0.529
0.525
0.523

0.985
0.955
0.911
0.591
0.582
0.551
0.550
0.525
0.521
0.520

1

1.3118

1.235
1.145
1.081
0.707
0.695
0.662
0.667
0.646
0.642
0.641

1.126
1.080
1.014
0.673
0.664
0.630
0.627
0.599
0.593
0.591

1.023
0.988
0.945
0.651
0.643
0.613
0.611
0.587
0.582
0.580

with D sbenefits of HJ CO Repairs Included

2

2.6058

1.288
1.214
1.147
0.787
0.775
0.740
0.742
0.714
0.710
0.709

1.142
1.095
1.027
0.726
0.717
0.679
0.675
0.642
0.636
0.634

1.032
0.995
0.950
0.692
0.684
0.652
0.650
0.623
0.618
0.617

3

3.8298

1.336
1.271
1.208
0.861
0.851
0.814
0.812
0.781
0.775
0.774

1.154
1.104
1.039
0.776
0.766
0.725
0.720
0.684
0.676
0.675

1.037
0.995
0.953
0.730
0.721
0.689
0.686
0.658
0.652
0.651

4.9876

1.374
1.325
1.260
0.930
0.922
0.884
0.877
0.841
0.835
0.833

1.160
1112
1.045
0.821
0.812
0.768
0.761
0.721
0.715
0.712

1.037
0.996
0.952
0.764
0.757
0.724
0.719
0.689
0.684
0.682

6.0829

1.413
1.378
1.313
0.995
0.989
0.949
0.939
0.899
0.891
0.887

1.168
1121
1.054
0.864
0.854
0.808
0.801
0.757
0.749
0.746

1.039
0.998
0.955
0.797
0.790
0.756
0.750
0.718
0.712
0.710

6 7
7.119  8.0991
Base
1448 1.480
1427 1.473
1361 1.406
1059 1.119
1053 1114
1.013 1.072
0.999 1.054
0.956 1.006
0.947 0.998
0.943 0.993
10% Fail
1174 1.179
1130 1.137
1.062 1.068
0.907 0.947
0.896 0.936
0.849 0.885
0.839 0.874
0.793 0.825
0.784 0.816
0.781 0.812
20% Fail
1.040 1.040
1.001 1.002
0.956 0.956
0.829 0.860
0.822 0.852
0.788 0.817
0.781 0.809
0.749 0.774
0.742 0.768
0.739 0.766
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9.0262

1.509
1.517
1.448
1.175
1172
1.128
1.106
1.056
1.045
1.040

1.183
1.145
1.074
0.984
0.973
0.919
0.907
0.855
0.845
0.841

1.040
1.004
0.957
0.888
0.881
0.845
0.835
0.800
0.792
0.790

9

9.9031

1.536
1.558
1.486
1.227
1.226
1.181
1.155
1.101
1.091
1.084

1.187
1.152
1.079
1.018
1.008
0.952
0.938
0.884
0.874
0.869

1.040
1.005
0.957
0.914
0.908
0.871
0.860
0.823
0.816
0.813

10

10.7326

1.565
1.595
1.526
1.275
1.278
1.230
1.200
1.143
1131
1.125

1.193
1.157
1.087
1.050
1.041
0.982
0.967
0.909
0.898
0.894

1.041
1.006
0.959
0.937
0.933
0.895
0.883
0.844
0.836
0.833

11

11.5172

1.590
1.631
1.561
1.323
1.325
1.275
1.243
1.183
1.170
1.164

1.198
1.164
1.091
1.081
1.071
1.009
0.993
0.934
0.922
0.918

1.042
1.007
0.959
0.961
0.956
0.916
0.904
0.864
0.856
0.853

12

12.2594

1.614
1.666
1.594
1.365
1.368
1.319
1.283
1.219
1.206
1.199

1.202
1.169
1.097
1.108
1.098
1.036
1.018
0.956
0.944
0.939

1.043
1.009
0.960
0.982
0.977
0.938
0.923
0.882
0.874
0.871



13

12.9615

1.637
1.699
1.626
1.405
1.409
1.357
1.320
1.252
1.240
1.231

1.207
1.176
1.102
1.135
1.124
1.059
1.041
0.976
0.965
0.959

1.044
1.011
0.961
1.002
0.997
0.956
0.942
0.899
0.891
0.887

14

13.6257

1.660
1.728
1.655
1.443
1.448
1.395
1.354
1.285
1.269
1.262

1211
1.180
1.106
1.160
1.149
1.082
1.062
0.996
0.982
0.977

1.045
1.011
0.962
1.021
1.015
0.974
0.958
0.915
0.905
0.902

15

14.254

1.680
1.757
1.685
1.478
1.484
1.429
1.387
1.314
1.299
1.290

1.215
1.185
1111
1.183
1172
1.102
1.083
1.014
1.001
0.995

1.046
1.012
0.963
1.038
1.033
0.990
0.974
0.929
0.921
0.916

16

14.8483

1.698
1.783
1711
1.510
1.519
1.462
1417
1.342
1.327
1.318

1.218
1.189
1.115
1.203
1.194
1.122
1.102
1.031
1.017
1.011

1.046
1.013
0.964
1.053
1.050
1.006
0.989
0.943
0.934
0.930

17

15.4104

1.716
1.807
1.735
1.541
1.549
1.493
1.445
1.367
1.351
1.342

1.221
1.193
1.119
1.224
1.213
1141
1.119
1.046
1.032
1.026

1.047
1.014
0.964
1.068
1.064
1.021
1.003
0.955
0.946
0.942

18

15.9421

1.733
1.832
1.761
1571
1.579
1522
1471
1.392
1.376
1.366

1.225
1.197
1.124
1.243
1.232
1.158
1.135
1.061
1.047
1.040

1.048
1.015
0.966
1.082
1.078
1.034
1.015
0.967
0.958
0.954

19

16.4451

1.748
1.854
1.783
1.597
1.607
1.547
1.496
1414
1.396
1.387

1.227
1.201
1.128
1.260
1.249
1.173
1151
1.074
1.059
1.053

1.048
1.015
0.967
1.095
1.091
1.045
1.027
0.978
0.968
0.964

Tabl e 4-9

cont i nued

20 21

16.9209 17.3712

Base

1763 1.779
1.875 1.895
1.803 1.823
1623 1.645
1632 1.655
1570 159
1519 1539
1435 1454
1416 1435
1406 1.425

10% Fail

1230 1234
1.205 1.208
1131 1134
1277 1291
1265 1.279
1187 1.201
1164 1176
1.086 1.098
1.071 1.082
1.064 1.076

20% Fail

1.048 1.050
1017 1.017
0.967 0.967
1107 1.118
1103 1.114
1.056 1.067
1.038 1.047
0.988 0.997
0.978 0.987
0.973 0.982

-43-

22

17.7969

1.791
1.913
1.842
1.667
1.679
1.616
1.560
1.473
1.453
1.444

1.235
1.210
1.137
1.305
1.294
1.214
1.189
1.109
1.093
1.087

1.049
1.017
0.968
1.128
1.125
1.078
1.057
1.006
0.996
0.992

23

18.1997

1.803
1931
1.860
1.689
1.699
1.634
1.578
1.488
1.470
1.460

1.237
1.214
1.140
1.319
1.307
1.225
1.201
1.118
1.103
1.096

1.050
1.018
0.969
1.139
1134
1.085
1.066
1.013
1.004
0.999

24

18.5806

1.816
1.948
1.878
1.707
1.719
1.653
1.596
1.506
1.486
1.475

1.240
1.216
1.143
1.331
1.319
1.235
1211
1.129
1.113
1.106

1.051
1.019
0.970
1.147
1.143
1.094
1.074
1.022
1.011
1.006

25

18.941

1.825
1.962
1.893
1.726
1.738
1671
1.612
1.520
1.501
1.490

1.241
1.218
1.145
1.343
1.331
1.246
1.221
1.137
1121
1114

1.050
1.019
0.970
1.157
1.153
1.102
1.082
1.028
1.018
1.013

Model

Y ear

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

Regression

ZML

1.196
1.087
1.022
0.638
0.623
0.594
0.605
0.589
0.587
0.587

1.118
1.067
1.001
0.628
0.619
0.590
0.588
0.564
0.560
0.558

1.021
0.982
0.939
0.617
0.608
0.581
0.581
0.559
0.555
0.554

DET

0.0338
0.0468
0.0463
0.0584
0.0599
0.0580
0.0543
0.0503
0.0494
0.0488

0.0068
0.0082
0.0077
0.0385
0.0384
0.0355
0.0343
0.0311
0.0305
0.0302

0.0018
0.0021
0.0017
0.0291
0.0294
0.0283
0.0272
0.0256
0.0252
0.0250



5.0 REGULATORY |IMPACT ANALYSIS - ESTINATING QOGOST AND QOOsT

EFFECTI VENESS

5.1 Cost of Conventional |I/M Testing

EPA has collected and anal yzed cost data from all operating
|/Mprograns that could provide the informati on. EPA has anal yzed
per vehicle costs in I/M prograns based upon four basic pieces of
information: The |/M program agency budget, nunber of initial
tests, the fee for each test, and the portion returned to the
state or local governnent. This discussion will deal with three
aspects of I/Mcost: Inspection costs, oversight costs, and repair
costs. Costs are analyzed for three different types of prograns:
conventional centralized and decentralized test-and-repair, and
decentralized test-only.

5.1.1 | nspecti on and Admni stration Costs

I nspection fees are set in one of three ways: By a bid
process for a contract to supply inspection services, by
| egislation or regul ation establishing a maxi numfee, or by narket
forces. ldeally the fee is scaled to cover the cost of providing
the inspection, cover the fee to the state for oversight and
managenent, and to provide a reasonable profit to the operator
(except in government-run prograns).

This ideal is not always net in actual I/Mprograns. |In sone
prograns the inspection fee does not include a share for the
state's oversight costs, so these nust be derived fromthe general
fund, wth the result that oversight efforts are often
significantly underfunded. In many decentralized prograns the
maxi mum fee is set below the actual cost (with profit) for the
test, so providers nust nmake up for that cost by providing other
goods and servi ces.

The economes of scale and efficiency of operation in high
volune test-only inspection networks enable notorists in these
prograns to enjoy | ower average inspection fees than in | ow vol une
decentralized prograns. Based wupon 1989 |I/M audits (which
collected information from all /M prograns), and taking into
account both inspection and oversight costs, decentralized
prograns using conputerized analyzers have the highest costs,
averagi ng about $17.70 per vehicle; centralized contractor-run
prograns average $8.42 per vehicle (recently gathered 1990 data
show slightly different nunbers, although these have not greatly
affected the overall averages). Table 5-1 shows the estimated
cost of the I/M program on a per vehicle basis, including
i nspection and oversi ght costs.
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Table 5-1

| /M Program I nspection Fees

Decentral i zed Prograns Central i zed Prograns
Program Cost Per Vehicle Program Cost Per Vehicle
Anchor age $32. 00 Ari zona $6. 00
Fai r banks $29. 00 Connect i cut $10. 00
California $48. 39 Florida $10. 00
Col or ado $11. 20 [11inois $8. 07
CGeorgi a $10. 68 Louisville $6. 00
Massachusett s $17. 18 Mar yl and $8. 53
M chi gan $10. 87 M nnesot a $8. 00
M ssour i $9. 00 Nashvi | | e $6. 00
North Carolina $15. 40 Washi ngt on $9. 00
New Mexi co $16. 00 W sconsi n $8. 73
Nevada $21. 26
New Yor k $19. 92
Pennsyl vani a $9. 01
Dal | as $17. 25
B Paso $17. 25
Davi s County $9. 00
U ah County $9. 71
Salt Lake Aty $11. 49
Virginia $13. 50

In a centralized contractor-run programthe contractor bears
the cost of acquiring |land, constructing and equi ppi ng inspection
facilities, hiring and training staff, collecting and processing
data, conducting public information canpaigns, as well as doing
the routine testing work. The state's role in this case is to
make sure the contractor neets its obligations and to study the
out cones of the programto nake sure it is neeting the goal

In a decentralized program individual firns and snall
busi nesses are licensed to performthe inspection. 1In this case,
the state takes prinmary responsibility for many of the day to day
functions, such as data collection and processing, public
information, and inspector training, which are perfornmed by the
contractor in a centralized program The fact that inspections
are performed by many business entities instead of one, and that
there are nore inspection sites means that state oversight and
program evaluation activities need to be nore intensive in this
type of program

5.1.2.1 Quality Assurance in Decentralized Prograns

Costs of quality assurance (QA) neasures vary anong prograns
dependi ng upon the conprehensiveness of the QA program and are
not well docunented in nost state prograns. The estimates in this
section are based on EPA' s proposed requirenents for Q@ i.e.,
they are nore representative of costs that would be incurred in a
good QA programthan of QA prograns as they currently exist. Cost
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information was obtained from the sone I/M prograns, principally
California, and fromvarious industry sources.

Performance audits are conducted to ensure that records are
properly kept, that docunent security is adequate, that required
inspection equipnent is present and properly naintained, that
inspectors have followed the rules, and to assess the general
state of operations. There are two types of perfornmance audits:
overt and covert.

EPA' s proposal requires overt audits of all test l|anes or
bays at least twice per year. For those stations where problens
are discovered, either through admnistrative auditing or through
covert auditing or other oversight functions, followup audits are
needed to verify that the problens are resolved. Station visits
woul d al so have to be conducted to perform nonthly record audits
if such audits could not be perforned via electronic |ink. In
this analysis it is assuned, given all these factors, that an
average of six station visits per year will be performned.

Based upon information from California and New York, EPA
estimates that overt audits cost approximately $89 per audit.
Staff tine is estinated at $80.80 per audit based on the
assunptions that an audit takes a total of three hours and that
staff are paid $35, 000 per year with overhead at 60 percent.
Travel costs are estimated at $8.00 per audit based upon an
average round trip distance of 25 mles and operating costs of 32¢
per mle based upon MVNA estinates. Hence, the annual cost per
station is estinmated at $534.

EPA' s proposal requires at |east one covert audit per year
per inspector using vehicles set to fail the inspection. Thi s
requi renent woul d establish a mninumlevel of activity, although
it would not necessarily require that each inspector be covertly
audited. Additionally, in test-and-repair prograns, the proposa
requires that each station receive one covert audit annually that
includes the purchase of repairs. Fol lowup audits would be
perfornmed at stations where problens are di scover ed.

California estinmates that its covert auditing program costs
about $1,000 per audit, on average. A nunber of different types
of costs are incurred in performng covert audits. The vehicle
has to be induced to fail the inspection and the inducenent has to
be docunented so that the inproper testing can be proven in court
if necessary. The staff tine and travel costs to perform and
docunent the audit also contribute to the overall cost. In
addition vehicles have to be acquired and should either be
replaced or have their appearance altered through repainting in
order to avoid recognition. The costs of pursuing a case through
the admnistrative |legal systemin those instances where inproper
testing is discovered are also included in the overall $1,000 per
audit figure. EPA's proposal also requires that repairs be
purchased in at |east one covert audit per station per year.
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In this analysis the overall level of activity is estinated
at three covert audits per station per year with repairs purchased
in one. The estimated annual cost per station is therefore
$3, 250.

As indicated previously, station and inspector records are to
be reviewed or screened at |east once per nonth to assess station
performance and identify problens that may indicate potential
fraud or inconpetence. The preferable way to do this would be for
the state to obtain station records in a conputerized format via a
direct data link (required in enhanced I|/M prograns) to the
inspection station and review and analyze them Failing that,
monthly visits would be nade to any test stations not connected by
the electronic data link and to review any records not recovered
via this [ink. In addition, data analyses would be needed to
track notorist conpliance and to conpile periodic reports.

California reportedly spends $1.8 m Ilion per year for data
analysis staff. |Its staffing level is estimated at about one FTE
per 250 stations. As shown in Table 7-5 California has 8, 752
stations, yielding an annual cost of $205.67 for data analysis
activities. This figure does not include the cost of acquiring
conputer equi pnent for this purpose which sone states nay need to
do.

Ref eree stations are needed to process wai ver requests and to

resol ve consumer conplaints of inproper testing. In California
the referee system costs $36 per vehicle for those vehicle that
use it. (The California referee system is operated by a

contractor, the State estinmates the per vehicle cost would be
roughly the sane if the referee system were operated by the
State.) The referee system is designed to accommodate three
percent of the subject vehicle population. Tighter waiver limts
to be inposed in enhanced I/Mprograns are likely to increase the
pressure on referee stations. The cost estinates used here assune
a five percent utilization rate for the referee stations.

In enhanced |I/M prograns where the regular tailpipe test is
sonmething other than the 1M40, a facility to conduct transient
tests on 0.1 percent of subject vehicles woul d be needed.

There are a nunber of different ways the state could obtain
such a facility. Mst likely a pre-existing garage or warehouse
would be acquired that could be easily converted to a testing
facility with only the addition of the necessary equipnent. The
equi pnent package to perform | M40, purge, and pressure testing
costs an estimated $144, 100. Wiile building acquisition and
operati ng expenses can vary considerably, in this analysis, these
expenses are assuned to total $1 mllion over a five year period.
Testing volune is conservatively estinmated at four vehicles per
day for a total of 1040 per year, and again, the total nunber of
vehicles tested represent 0.1 percent of the subject fleet. Using
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these very general assunptions the cost of the state testing
function is estimated at 22¢ per vehicle.

| nspector trainin g courses have to be continually updated in
order to stay abreast of new devel opnents. | nspect or
certification tests also have to be updated in order to keep them
from becomng too easy. California spends approximately $65 per
station per year on these efforts.

In states where I/Mresponsibilities are divided between the
envi ronnment al agency and the notor vehicle agency there is a cost
associated with transfer of data between the two agencies. Wile
such costs are difficult to estimate, California estimates that it
woul d cost 50¢ per vehicle per year

Thi s anal ysis does not cover all costs that would be incurred
in overseeing a decentralized |[|/M program As nentioned
previously, the cost of acquiring conputer equipnent is not
consi dered here. Some states nay not be able to use existing
equi pnent . This analysis does not cover costs associated wth
enforcenment activities against non-conplying notorists, nor are
estimates for conducting on-road testing provided. The costs of
these functions would have to be priced out and divided by the
nunber of subject vehicles. Table 5-2 details the per vehicle
costs of a quality assurance program consisting of those functions
anal yzed here.

Table 5-2

Quality Assurance Functions and Costs in Decentralized Prograns

Conponent Cost per Station Cost per Vehicle
Adnm ni strative $534. 00 $0. 52
Audits

Covert Audits $3, 250. 00 $3. 17
Ref eree Station $1, 845. 00 $1. 80
Data Staff $205. 67 $0. 20
Tr ai ni ng $65. 00 $0. 06
| nt er - agency Costs $0. 50
State Testing $0. 22
Total wthout State $6. 25
Testing

Tot al with State $6. 47
Testing

Per vehicle costs for nost of these conponents are derived by
dividing the per station costs by 1,025, the average nunber of
vehicles tested per station in decentralized |/M prograns.
Prograns with lower vehicle to station ratios wll incur higher
per vehicle costs. The per vehicle costs can be reduced by
[imting the nunber of stations to maintain a high vehicle to
station ratio.
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5.1.2.2 Quality Assurance in Centralized Basic |/ M Prograns

The sane activities needed in decentralized prograns are
performed to quality assure inspections in centralized prograns
with sone differences. Referee stations nmay be replaced by a
full time state referee at each facility. Audi ting frequencies
are assunmed to be three tines a year per lane for admnistrative
audits and four tines a year per lane for coverts (assumng one

per inspector). Data analysis costs are estinated based on the
assunption that the state's level of effort is tied to the nunber
of vehicles. Hence, the vehicle per station figure used for

decentralized prograns is factored by the increased traffic at a
centralized |l ane. The nunber of vehicles per lane is estinated to
be 39,000 per year, based on a peak capacity of 25 vehicle per
hour, and typical rate of 13 vehicles per hour (the derivation of
these estinates is detailed in the next section).

Tabl e 5-3

Quality Assurance Functions and Costs in Centralized Prograns

Conponent Cost per Lane Cost per Vehicle
Admi ni strative $267. 00 $0. 01

Audi ts

Covert Audits $4, 000. 00 $0. 10

Data Staff $10, 942. 88 $0. 28
State Referee $14, 040 $0. 36

| nt er - agency Costs $0. 50

Tot al $1.25

5.2 Estimated Cost of H gh-Tech I/ M Testing

5.2.1 Ceneral Met hodol ogy

EPA s estimates of the cos ts of high-tech test procedures are
driven by a nunber of assunptions. Costs in conventiona
centralized and decentralized test-and-repair prograns were
derived using current inspection costs in |/Mprograns as they are
reported to EPA as the starting point. For decentralized test-
only networks <costs are nodelled in a mnmanner simlar to
centralized prograns, since all current test-only prograns are
centralized, however, costs are estimated using a range of test
vol umes and a higher |evel of state oversight is assunmed since the
network i s conposed of independent operators and may have a hi gher
nunber of test sites than in centralized prograns.

Anot her key assunption is that adding the new tests wll
increase inspection costs in prograns that are now efficiently
designed and operat ed. In prograns that are not now well
designed, current costs are likely to be higher than necessary and
the cost increase less if efficiency inprovenents are nade
si mul t aneousl y. In order to perform the high-tech tests new
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equi prment will have to be acquired and additional inspector tine
wll be required for sone test procedures. The amount of the cost

increase will be determned to a large degree by the costs of
acquiring new equipnent and the inpact of the longer test on
throughput in a high volunme operation. Average test volunme in
decentralized prograns is low enough to weasily absorb the
additional test tine involved (although at a cost in labor tine).

Equi pnrent costs are analyzed in terns of the additional cost to
equip each inspection site (i.e., each inspection lane in
centralized inspection networks, and each licensed inspection
station in decentralized networks).

By focusing on the inspection lane or station as the basic
unit of analysis, the resulting cost estimates are equally
applicable in large prograns, wth nmany subject vehicles and
i nspection sites, or small prograns, w th few subject vehicles and
i nspection sites. Previous EPA anal yses of costs in |I/M prograns
have found that the major determnants of inspection costs are
test volume and the level of sophistication of the inspection
equi pnent . Costs of operating prograns were not found to be
nmeasurably affected by the size of the program (for further
information the reader may refer to EPA's report entitled, "I/M
Network  Type: Effects on Emssion Reductions, Cost, and
Conveni ence"). Figures on inspection volunes at inspection
stations and |anes are available from I/ M program operating dat a.
This information enables the equipnent cost per vehicle and the
additional staff cost per vehicle to be calculated for each test
pr ocedur e.

The equi prrent cost figures presented in this paper are based
on the costs of the equipnent EPA believes is best suited for
hi gh-tech testing. They are current prices quoted by
manuf acturers, and do not reflect what the per unit prices mght
be if this equiprment were purchased in volune. Staff costs are
based on prevailing wage rates for inspectors in both types of
prograns as reported in conversations with state 1/M program
personnel. Construction costs in centralized prograns are based
on estimates supplied by centralized contractors. CGher site
costs and managenent overhead in centralized prograns are back
calculated from current inspection costs. For decentralized
networks, it is assuned that |onger test tines could be absorbed
wth no increase in sites. The current average volume in
decentralized stations is 1,025 vehicles per year (between 3 and 4
vehi cl es per day, dependi ng upon the nunber of days per year the
station is open). Consequently, increasing the length of the
test, to the degree that the new procedures would, is not expected
to inpact the nunber of inspections that can be perforned.

5.2.2 Equi prrent Needs and Costs

A pressure netering system conposed of a cylinder of
nitrogen gas with a regulator, and hoses connecting the tank to a
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pressure neter, and to the vehicle' s evaporative systemis needed
to perform evaporative system pressure testing. Hardware to
interface the netering systemw th a conputerized anal yzer is al so
needed and is included in the cost estimate. Purge testing can be
performed by adding a flow sensor with a conputer interface, a
dynanoneter, and a Video Driver's Ald. Wth the further addition
of a Constant Vol une Sanpler (CVS) and a flame ionization detector
(FID for HC analysis, two nondispersive infrared (NDIR) anal yzers
for CO and carbon nonoxide (CO ), and a chemlumnescent (Q)

anal yzer for NOx, transient testing can be perforned.

The analyzers us ed for the transient test are |aboratory
grade equi pnent. They are designed to higher accuracy and
repeatability specifications than the NDR analyzers used to
performthe current I/Mtests. Table 5-4 shows the estinated cost
of equipnent for conducting high-tech tests. This quality of
technol ogy is essential for accurate instantaneous neasurenents of
| ow concentration mass em ssion | evel s.

Table 5-4

Equi prrent Costs for New Tests

Test Equi prrent Price
Pressure Met eri ng System $600
Pur ge Fl ow Sensor $500
Dynanorret er $45, 000
Video Drivers Aid $3, 000
Tr ansi ent CVS & Anal yzers $95, 000
TOTAL $144, 100

The figures in Table 5-4 do not include the costs of
expendabl e materials. Ntrogen gas is used up in performng the
pressure test. Additionally, the FID burns hydrogen fuel
Cal i bration gases are needed for each of the anal yzers used in the
transient test. Because the analyzers used in the transient test
are designed to nore stringent specifications than the anal yzers
currently used in the field, bi-blends, gaseous m xtures conposed
of one interest gas in a diluent (usually nitrogen) are used to
calibrate them Milti-blend gases, such as are typically used to
calibrate current |/M equipnment, are not suitable. Current
estimates for expendables are shown in Table 5-5. The repl acenent
intervals are estimated based on the usage rates observed in the
EPA Indiana pilot program and typical inspection volunes as
presented later in this section. Cal cul ations of per vehicle
equi pnment costs presented throughout this report include per
vehi cl e costs of these expendabl es as wel | .
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Tabl e 5-5

Expendabl es for New Tests

Repl acenent | nterval

Test Mat eri al Cost Centralize Decentral i zed
d
Pressure N2 Gas $30 250 tests 250 tests
Tr ansi ent H2 Fuel $60 2 nont hs 1000 tests
HC Cal Gas $60 2 nont hs 1000 tests
QO Cal Gas $60 2 nont hs 1000 tests
QO Cal Gas $60 2 nont hs 1000 tests

Staff costs have been found to vary between centralized and
decentral i zed prograns, as does the effect on the nunber of sites
in the network infrastructure. Therefore, the follow ng sections
are devoted to separate cost anal yses for each network type.

5.2.3 Cost to Upgrade Centralized Networks

5.2.3.1 Basi ¢ Assunpti ons

The starting point in this analysis is the current average
per vehicle inspection cost in centralized prograns. A figure of
$8.50 was used based upon data from operating prograns. Thi s
figure includes the cost of one or nore retests and network
oversight costs. The key variables to consider in estinmating the
costs in centralized networks are throughput, equipnent, and staff
costs. Data on these variables were obtained by contacting
program nmanagers in a nunber of these prograns, and by surveying
program contracts and Requests for Proposal.

Throughput refers to the nunber of vehicles per hour that can
be tested in a lane. The higher the throughput rate, the greater
t he nunber of vehicles over which costs are spread, and the | ower
the per vehicle cost. EPA contacted program managers and
consulted the contracts in a nunber of centralized prograns to
determne peak period throughput rates in the different systens.
Rates were as reported in Table 5-6.

Tabl e 5-6

Peak Period Throughput Rates in Centralized |/ M Prograns

Program Vehi cl es Tested per Hour
Ari zona 20

Connect i cut 25- 30
[1linois 25

Mar yl and 25-35

W sconsi n 25- 30
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Onh the basis of this information, 25 vehicles per hour was
assunmed to represent the typical peak period throughput rate or

design capacity in centralized |/M prograns. During off-peak
hours and days, throughput is |lower since there is not a constant
stream of arriving vehicles. Conversations with individuals in

the <centralized inspection service industry indicate that
inspectors start at mninmm wage or slightly higher, that by the
end of the first year they earn $5.50 to $6 per hour, and that
they generally stay with the job for one to three years. Thus, $6
per hour was used to estimate the average inspector's hourly wage.

Estimates of the costs of adding pressure testing, purge
testing, and transient tailpipe testing were derived by taking the
current costs for the new equipnent to perform the new tests,
dividing it by the nunber of inspections expected to be perforned
in the lane over a five year period and adding it to the current
$8.50 per vehicle cost, with a further adjustrment for the inpact
of test tine on throughput, and thus on the nunber of sites and
site costs. The sane is done to estinate additional personne

costs associated with adding the new tests. When i ndependent
prograns were surveyed to determne the length of a typica
contract, it was discovered that Illinois, Florida, and M nnesota

all have five year contracts, Arizona has a seven year contract,
and the programin the State of Washington is operating under a
three year contract, resulting in an average contract |ength of
five years anong the five prograns surveyed. Five years was
t herefore chosen as the typical contract |ength.

The nunber of inspections expected to be perfornmed over the
five year contract period was derived by calculating the tota
nunber of hours of |ane operation, estimating the average nunber
of vehicles per lane and nultiplying the two. A lane is assuned
to operate for 60 hours a week (lane operation times were found to
vary from54 to 64 hours per week), 52 weeks a year for five years
for a total of 15,600 hours. Lanes are assunmed to have a peak
t hroughput capacity of 25 vehicles per hour. Mdern centralized
i nspection networks are designed so that they can accommodat e peak
demand periods with all lanes operating at this throughput rate.
Net wor ks are usual ly designed so that average throughput is 50-65%
of peak capacity or 13-15 vehicles per hour. Wen operating for
15,600 hours over the life of a contract, a centralized inspection
lane is estimated to perform a total of 195,000 inspections, or
about 39, 000 per vyear.

5.2.3.2 The Effect of Changi ng Thr oughput

The addition of evaporative system pressure testing to a
centralized program would result in a slight decrease in the
t hroughput capacity. The addition of purge and transient testing,
along with pressure testing, would result in a further decrease.
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Assumng the sane test frequency (i.e., annual or biennial)
the reduced throughput rate neans that the nunber of |anes needed
to test a given nunber of vehicles would increase accordingly, as
woul d the size of the network infrastructure needed to support the
test program The result is an increase in the cost per vehicle.
Actual consuner cost depends on the test frequency; EPA would
encourage states to adopt biennial prograns to reduce the costs
and inposition of the program Less frequent testing only
slightly reduces the emssion reduction benefits while cutting
test costs alnost in half.

(e way to estinmate the cost would be to similate a n actua
network of stations and lanes in a given city. e could attenpt
to assess land costs, building costs, staff and equi pnent costs,
costs for all necessary support systens, and other cost factors.
However, this approach woul d be very time consumng and would rely
on information which is proprietary to the private contractors
that operate the prograns and is, therefore, unavailable
| nstead, the cost of the increased nunber of |anes and stations is
derived by anal yzing current costs and subtracting out equipnent,
di rect personnel, construction, and state agency oversight costs.
The remainder is adjusted by the change in throughput in the new
system Then, new estimates  of equi pnent , per sonnel ,
construction, and oversight costs are added back in to obtain the
estinated total cost.

As discussed previously, the typical high volunme station can
test 25 vehicles per hour, performng (in nost cases) a test
consi sting of 30 seconds of high speed preconditioning or testing,
foll oned by 30 seconds of idle testing. In addition, a short tine
is spent getting the vehicle into position and preparing it for
testing. This leads to a tw to three mnute test tinme on
average, depending upon what short test is perforned. EPA
recently issued alternative test procedures for steady-state tests
that reduce various problens associated wth those tests,
especially false failures, but at a cost of |onger average per
test time.

Qurrent costs were estinmated by contacting operating program
per sonnel , equi pnent  vendors and contractors. The  nost
sophi sticated equiprment installation (i.e., the equipnment for
| oaded steady-state testing) was wused to estimate current
equi prment costs.

The cost to acquire and install a single curve dynanoneter
and an anal yzer in existing networks is about $40,000 or 21¢ per
vehicle using the basic test volume assunptions. As indicated
previously, a staff person is assuned to earn $6.00 per hour.
When this figure is multiplied by 15,600 total contract hours and
divided by 195,000 vehicles, direct staff costs are estinated at
48¢ per vehicle. Existing centralized networks typically have two
staff per |[ane. Thus, total staff costs work out to 96¢ per
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vehi cl e. Total average construction costs are estimated at
$800, 000 for a five lane station, yielding an average per vehicle
cost of 82¢. In this analysis a figure of $1.25 is used to
estimate the anount of the state retainer. This reflects EPA' s
best estinate of the per vehicle expense for a good state quality
assurance program in a centralized network. Equi prent, staff,
construction, and state costs add up to $3.24 per vehicle.
Subtracting this amount from the current average of $8.50 |eaves
$5.26 in infrastructure costs and other overhead expenses
i ncl udi ng enpl oyee benefits and enpl oyer taxes as shown in Table
5-7. This amount is then factored by the change in the throughput
rate and the equipnent, oversight, and staff costs for the new
tests are then added.

Table 5-7

Qurrent Program Costs

Per Vehicle Total Cost Less
| ncrenent s Cost | ncrenent s
Qurrent $8. 50
Equi prent $0. 21 $8. 29
Staff $0. 96 $7. 33
Construction $0. 82 $6. 51
St at e Retai ner $1. 25 $5. 26

5.2.3.2 Costs of New Tests

Most centralized prograns use a two position test queue;
emssion test are done in one position while emssion control
devi ces are checked in the other, along with other functions such
as fee collection. In this type of systemthe throughput rate is
determned by the length of time required to perform the | ongest
step in the sequence, not by length of the entire test sequence.
The new tests would likely be perforned in a three position test
queue, with one position dedicated to fee collection and other
admnistrative functions, one to performng the pressure test, and
the third to performng the transient and purge tests. The
transient/purge test is a longer test procedure than the ones
currently used in nost I/M prograns and is the |ongest single
procedure in the whole inspection process. Thus, it is the
determning factor in | ane throughput and will therefore influence
the nunber of test sites required.

The transient test takes a maximum of four mnutes to
perform An additional mnute is assuned to prepare the vehicle
for testing, for a maximum total of five mnutes. The pressure
test would take approximately two mnutes, and could be shortened
through such potential strategies as conputerized nonitoring of
the rate of pressure drop. EPA is in the process of |ooking at
potential fast-pass and fast-fail strategies, and prelimnary
results suggest that roughly 33% of the vehicles tested could be
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fast passed or failed based upon anal ysis of data gathered during
the first 93 seconds of the IM40 (i.e., Bag 1) using separate
fast-pass and fast-fail cutpoints. Hence, EPA estimates that the
average total test tinme could be shortened to at I|east four
mnutes per vehicle. This translates into a throughput capacity
of 15 vehicles per hour. To accommodate peak denmand periods and
maintain short wait tines, a design throughput rate of half of
capacity is assuned, for a typical throughput rate of 7.5 vehicles
per hour. Assumng the same nunber of hours of |ane operation as
previously, the total nunber of tests per lane in a transient |ane
is estimated to be 117,000 over the five year contract period.

State quality assurance program costs would increase given
the conplexity and diversity of the test system an estinate of an
additional 50¢ is used here but the anount could vary dependi ng
upon the intensity of the oversight function the state chooses.
Staff costs per vehicle are cal cul ated using the sane assunptions
for wages and hours of operation as shown in Table 5-7; however
the cost is spread over 117,000 tests over the life of the
contract rather than 195,000. The result is staff costs of 80¢

per staff per vehicle. Three staff per lane are assuned to
performthe tests. The additional tasks perforned by inspectors
in conducting the newtests - i.e., disconnecting vapor |ines and

connecting themto anal ytical equipnent for the evaporative tests
and driving the vehicle through the transient driving cycle - do
not require that inspectors have higher levels of skill than they
do presently. Rather, these tasks can be perforned by conparably
skilled individuals trained to these specific tasks. Total staff
costs work out to $2.40 per vehicle. Equi prrent costs for each
test procedure are derived by taking the equipnent costs from
Table 5-4 and calculating the costs of five years worth of
expendables wusing the figures in Table 5-5 and dividing by
117,000. Construction costs for a five lane station are assuned
to rise to $1, 000, 000. This is due to the fact that slightly
| onger |anes may be needed in order to accommobdate test equi prnent
and facilitate faster throughput. Dviding this figure by 117,000
vehicles per lane yields a per vehicle cost of $1.71. The
resulting costs estinmates are shown in Table 5-8. Table 5-8 shows
the result of factoring the figure of $5.26, from Table 5-7, by
the change in the throughput rate and adding in the equipnent,
staff, construction and state costs associated with the new test
procedures. The figure of $5.26 is multiplied by 12.5/7.5, i.e.
the ratio of the design throughput rate in the current programto
the design throughput rate in a program conducting pressure purge
and transient testing.
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Tabl e 5-8

Costs to Add Proposed Tests to Centralized Prograns

Runni ng Tot al

| ncrenent s Per Vehi cl e Cost Cost per Vehicle
Adj ust for Throughput $5.26 * 12.5/7.5 $9. 12
Staf f $2. 40 $11.52
Const ruction $1.71 $13. 23
Over si ght $1.75 $14. 98
Pressure Test $0. 13 $15. 11
Purge Test $0. 41 $15. 52
Transi ent Test $0. 87 $16. 40

Thus, the cost of adding the new tests to centralized
networks is found to be about double the current average cost
The cost of centralized test systens has been dropping in the past
few years as a result of conpetitive pressures and efficiency
i nprovenents. These factors may drive down the costs of the new
tests as well, especially as they relate to equipnent costs.
A ven that conservative assunptions were nade regardi ng equi pnent
costs of $144,000 per lane, and |low throughput rates, the cost
estinate presented here can be fairly viewed as a worst case
assunpti on. As discussed earlier, the inportant issue is the
quality of the test, not the frequency, so doing these tests on a
bi enni al basis woul d of fset the increased per test cost.

5.2.4 Cost to Upgrade Decentralized Prograns

5.2.4.1 Basi ¢ Assunpti ons

The methodology used to estimate costs in decentralized
prograns is simlar to that described above for centralized
pr ogr amns. Equi pnrent and | abor costs are key variables as they
were in determning costs for centralized prograns. However ,
estimates of costs for decentralized prograns presented here do
not include estinates of Jland costs and overhead. Wi | e
inspections in decentralized prograns are generally conducted in
pre-existing facilities rather than newy built ones, there are
nonet hel ess a variety of overhead expenses as well as opportunity
costs associated with nmaking space available for inspections in a
facility that provides a nunber of other services as well. Dat a
on these costs are not available and they cannot be deduced from
reported inspection fees since, in nost prograns, fees are capped
by |aw and, hence, do not reflect the actual cost of providing an
i nspecti on.

Total test volune rather than throughput and test tine are
the critical factors affecting cost in decentralized prograns.
Licensed inspection stations at present only perform on the
average, about 1,025 inspections per year, as shown in Table 5-9
(note that this nunber is a station-weighted average). Test
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vol unes anong stations in a single program can vary wdely as
shown in Section 7.0. It should also be noted that all
decentralized prograns in enhanced |/M areas, except for
California, Virginia, and Colorado (which tests vehicles five
years old and newer biennially, and vehicles older than five years
annual l'y) are annual prograns. |In this analysis the effect on per
vehicle costs of switching froman annual inspection frequency to
biennial, as well the effect of varying inspection volune, wll be
exam ned.

Tabl e 5-9

| nspection Vol unmes in Licensed | nspection Stations

Program Vehi cl es per Year Vehi cl es per Station
California 6, 180, 093 799
Col or ado 1, 655, 897 1,104
Dallas/Ft. Wrth 1, 948, 333 1,624
B Paso 278, 540 1,161
CGeorgi a 1, 118, 448 1,729
Houst on 1,482, 349 1, 348
Loui si ana 145, 175 1, 037
Massachusetts 3, 700, 000 1,321
Nevada 523, 098 1, 260
New Hanpshire 137, 137 564
New Yor k 4, 605, 158 1,071
Pennsyl vani a 3, 202, 450 834
Rhode | sl and 650, 000 684
Virginia 481, 305 1, 301
Vi ght ed Aver age 1, 025

Annual tests of 1,025 vehicles per station is equivalent to
between three and four inspections per day depending upon the
nunber of days per week the facility is open and inspections are
available. This is far below the 75 i nspections per day projected
in a multi-position high volune lane wth three inspectors
conducting high-tech tests, and significantly below the 16
inspections per day that could be done in a single position
inspection bay with only one inspector (the derivation of this

figure is detailed below). Two conclusions can be drawn from
this. The first is that the additional time requirenents of the
new tests wll not force a reduction in the total nunber of

i nspections that nost stations can perform The second is that,
because costs are spread over a snaller nunber of vehicles than in
the case of high-volunme, centralized stations, the cost per
vehicle for the new tests wll be larger in this type of
i nspecti on network.

The higher costs for high-tech testing equipnment have
pronpted questions of whether all current inspection stations
would choose to stay in the inspection business wth the
i npl ementati on of an enhanced program and how high a drop-out
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rate prograns woul d experience if sonme did not. EPA knows of no
data or reasonable assunptions by which a station drop-out rate
could be reliably estinated. In this analysis inspection costs
for high-tech testing are estimated for three scenarios: one where
all stations remain in the inspection business, one where 50% of
the stations drop out, and one where enough stations drop out such
that those that renmain are operating at maxi num possible vol une
assumng that each has one inspection bay which has not been
inproved for high throughput and one inspector performng al
parts of the inspection. In all three scenarios a biennial
i nspection frequency i s assuned.

The current average test fee for vehicle inspection in
decentral i zed prograns is about $17.70 (again, the derivation of
this figure can be found in EPA' s technical information docunent,
"I/M Network Type: Efects on Emssion Reductions, Cost, and

Conveni ence"). Note that this figure nay substantially
underestimate actual costs since nost states limt the inspection
fee that a station may charge. In many cases, the actual fee is

likely to be below cost; stations presumably obtain sufficient
revenue to stay in business by providing other services, which may

include repair. 1t should also be noted that the intensity of the
inspection and the sophistication and cost of the analyzer vary
significantly anong prograns. Average inspection costs and

revenues by program taking these factors into account, are
estimated in Section 7.4.1.

The <costs for adding high-tech tests are d erived
estinmating the per vehicle costs of the key conponents: | abor;
equi prent, including expendables; and support, 1i.e., service
contracts and annual updates. Per vehicle costs are estinated by
deriving total costs for each conponent and dividing by the nunber
of vehicle inspections expected to be perforned in a year, again,
taking into account variations in inspection volunes and changes
in frequency. Equi pnent costs are spread over the useful life of
the equipnment. Wile a piece of equipnment's useful life can vary
considerably in actual practice, a five year equipnent life is
assuned.

Wil e |arge businesses, such as deal erships, nmay be able to
afford to purchase current analyzer equipnment outright, the
smal |l er gas stations and garages typically have to finance these
purchases (al though in some cases they may |ease equipnent). The
hi gher cost of the equi prent needed to performpurge and transient
testing ($144,000 for the dynanoneter, CVS, analyzers, etc., as
opposed to $12,000 to $15,000 for the nost sophisticated of the
current NDI R based anal yzers) nakes it even nore likely that these
purchases will have to be financed for nost inspection stations.
Equi pnrent costs are anortized over five years at 12% interest in
the analysis in this report.
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Program personnel in decentralized prograns were contacted to
determne inspector wage rates. In many cases, inspectors are
pr of essi onal mechani cs earning about $25 per hour. However, nost
states do not require inspectors to be mechanics, and inspections
may be performed by |ess skilled individuals who typically earn $6

or $7 per hour. The preval ence of different wage rates anong
inspectors is unknown. Therefore, EPA assuned an average wage of
$15 per hour for this analysis. An overhead rate of 40% is

assuned, for a total |abor cost of $21 an hour.

5.2.4.3 Cost Conponents and Scenari 0s

The full test, including data entry on the conputer,
preparing the vehicle for the different steps in the test
procedure and conducting them is estimated to take 30 m nutes
with only one inspector performng all tasks in a repair bay that
is not configured specifically for inspection throughput. Wth
| abor costs at $21 per hour, as described above, this works out to
$11.50 per vehicle. Equipment costs are taken from Table 5-4 and
are anortized over a five year period at 12 percent annua
i nt er est (changing the assuned interest rate does not
significantly affect the total per vehicle cost). This brings the
total cost for the equi pnent package over the five year period to
$192, 325. These costs are divided by five years worth of
i nspections. The costs of expendables from Table 5-5 are added in
according to the usage rates assuned for decentralized prograns.
Two ot her expenses typically encountered in decentralized prograns
are service contracts and software updates. Based on infornation
fromstates, service contracts are estimated at $200 per nonth and
annual software updates are assunmed to cost $1, 500.

Per vehicle costs are estimated for three scenarios, biennial
testing is assunmed in all three. In the first, all stations
remain in the inspection program In the second, 50 percent of
the stations drop out of the program and in third there are only
the m ni mum nunber of stations in the program to enable each to
inspect at full volune with one inspector performng all parts of
the inspection and a service station bay that has not been
i nproved for high throughput.

In the first scenario, the switch to biennial would nmean that
annual volume is cut in half, or 513 vehicles per year. |In the
second scenario the 50 percent reduction in the nunber of stations
brings the annual inspection volune back to 1,025. 1In the fourth
scenario, it is assuned that each station inspects at naxi num
capacity, i.e., one vehicle every thirty mnutes, and that an
inspector is available 50 hours per week. This results in an
annual vol une of 5,200 vehicl es.
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Tabl e 5-10

Costs to Conduct H gh-Tech Testing in Decentralized Prograns

Scenari o Annual Vol une Cost per Vehicle
No Dr op- out 513 $106
50% Dr op- out 1, 025 $58
72% Dr op- out 5, 200 $32

(Maxi mum vol une)

Note that while reducing inspection frequency to biennial
cuts notorists' costs in centralized prograns, in decentralized
prograns such cost reductions are only achieved by reducing
opportunities for stations to participate. In the scenario in
whi ch 50 percent of the stations drop out and testing is biennial,
annual station volune is the sane as if testing were annual and no
stations dropped out. Hence, the estinated per vehicle cost in a
biennial program with a 50 percent station drop-out rate is the
same as would be derived for an annual program with no stations
droppi ng out. Reduci ng inspection frequency to biennial, while
mai ntai ning the sane nunber of stations, has the effect of al nost
doubling the per vehicle cost since operating costs are spread
over half as many vehicles. Note also that the per vehicle cost
far exceeds the per vehicle cost in centralized prograns except in
the scenario where 72 percent of the stations drop-out.

5.3 Costs of Four-Mde, Purge and Pressure Testing

It has been proposed that a series of sinpler, |oaded node
and other steady-state tests would provide equivalent emssion
reductions to the I1M40 at a lower cost. The emssion reduction
potential of this approach is currently being evaluated at EPA s
test lane in Phoenix, Arizona. The information needed to do a
cost anal ysis can be approximated at this tinme based upon the test
process.

The test procedure being evaluated is a series of emssion
tests referred to as the four-node test: A 40 second 5015 node (15
nmph at xxx load), a 40 second 2525 node (25 nph at xxx load), a 40
second node at 50 nph and normal road |oad, and a 40 second idle
nmode. EPA anticipates a 30-60 second preconditioning node woul d
be needed to insure proper warmup and canister purge down.
Al lowing also for necessary tinme to transition between test nodes
(5-10 seconds), the four-node test would require a total of
approxi mately four mnutes. As with the |M40-based test
scenario, purge testing is assuned to occur sinultaneously wth
the tailpipe test and pressure testing would be done separately.
It should be noted, however, that sone vehicles may not purge
during this test and may require a short transient retest to
activate purge.
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5.3.1 Equi prrent and Expendabl es

The equi pnent used for t he four-node test is sinpler than for
the 1 M40 test. The dynanoneter nay not need inertia weights, and
a raw gas anal yzer, like the ones used in the current I/Mtests,
is upgraded with a NOx anal yzer and an ananoneter, to enabl e nass
concentration calculations, for this test. The equipnment for the
purge and pressure test are the sane as described previously. The
estinated costs are shown in Table 5-11.

Tabl e 5-11

Equi prrent and Costs for the ASM Test

Pressure System $600
Fl ow Sensor $500
Dynanorret er $20, 000
Ananonet er $2, 000
BAROO w NOx $16, 900
Anal yzer

Tot al $40, 000

Expendabl es for this test are nitrogen gas for the pressure
test and calibration gases for the analyzer. The cost of nitrogen
gas is the sane as in the previous analysis on |IM40 costs (the
pressure test procedure is the sane regardless of the type of
tail pipe test used). Qurrent calibration gases are nulti-bl ends
consisting of propane, GO and OCX2. A cost of $45 per bottle is
used here. In this analysis, it is assunmed that mnulti-Dblend gases
t hat include NO wll be available at the sanme cost.
Alternatively, one could assune that two bottles of calibration
gas, one current standard multi-blend and a bottle of NOw Il be
needed, however, the additional cost per test is insignificant
(less than 5¢, even in a | ow vol ume situation).

5.3.2 Centralized Prograns

The total test tine per vehicle would be about 11 m nutes,
including admnistrative processing in an efficiently run testing
lane. In a multi-position |lane the throughput woul d be governed
by test tinme at the |ongest position, which would be four m nutes.
This translates into a peak throughput rate of 15 vehicles per
hour and, wusing the standard design criteria for centralized
prograns described earlier, an average throughput of 7.5 vehicles
per hour. Using the |ane operation assunptions detailed earlier
this translates into 23,400 vehicles per |ane per year and 117, 000
vehicl es over an assuned five year contract period. Three staff
per lane would be needed to perform the entire test sequence
including inputting vehicle identification information, conducting
the tests and presenting and explaining the results to the
not ori st.
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The per vehicle cost of the four-node test in centralized
prograns is estimated by the sane nethodology as was used to
estinmate | M240 costs. Qurrent costs for test equipnent, staff,
state oversight, and construction are subtracted fromthe current
average per vehicle cost, this amount is factored by the change in
t hr oughput , and esti nat ed costs for equi pnent , staff,
construction, and state oversight in a four-node test program are
added to obtain an estimated total cost.

Tabl e 5-12

Costs to Add Proposed Tests to Centralized Prograns

Runni ng Tot al

| ncrenent s Per Vehi cl e Cost Cost per Vehicle
Adj ust for Throughput $5.26 * 12.5/7.5 $9. 12

St af f $2. 40 $11.52
Constructi on $1.71 $13. 23

Over si ght $1.75 $14. 98
Pressure Test $0. 13 $15. 11
Pur ge Test $0. 18 $15. 29

Four - node Test $0. 35 $15. 64
5.3.3 Decentral i zed Prograns

The sane net hodol ogy used to estimate costs of | M40 testing
is used here. Mst assunptions are unchanged. Total test tine is
thirty mnutes, equipnment is anortized over a five year period.
Two paraneters are changed in this analysis: equi pnent costs total
$40, 000 instead of $144,100, and state costs include a cost for
state mass em ssion testing.

Tabl e 5-13

Costs to Conduct Four-Mde Testing in Decentralized Prograns

Scenari o Annual Vol une Cost per Vehicle
No Dr op- out 513 $51
50% Dr op- out 1, 025 $31
72% Dr op- out 5, 200 $25

5.4 Repair Costs

5.4.1 HC and QO Exhaust Repair Costs and Met hodol ogy

The repair costs for HC and C O exhaust emssion repairs are
split into two elenents. (One addresses the repair costs due to
failure of a tailpipe test, such as the 2500 rpnmildle idle test or
the |l oaded transient test. The other el enent addresses the repair
costs of correcting tanpering identified as a result of the visual
inspection for the presence and connection of emssion control
conponents such as the catal yst (al so known as "ATP failures")
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54.1.1 Tai | pi pe Em ssion Test Fail ures

Based on current information froml|/M prograns w hich collect
repair cost information, the average cost to repair a 1981 or
newer vehicle failing the 2500 rpmiidle test is approxi mately $75,
including parts and | abor. For exanple, 1989 repair data fromthe
Loui sville, Kentucky I/M program shows the average cost to be $54
for all nodel year vehicles if only comrercial repairs are

i ncl uded. The overall average cost drops to $42 per repaired
vehicle if the cost of self repairs (repairs perforned by the
i ndi vidual vehicle owner) are also included 6. In addition, the

$75 average repair cost figure is further supported by the
findings froman |I/M repair study conducted in California which
showed the average repair cost to be $72 for 1980 and | ater nodel
year vehicles 7. In this study, 500 vehicles that failed the
California |/M test were recruited, tested, and repaired at

i ndependent commercial garages to pass |I/M Finally, a study of
repair costs conducted by the Gegon I/Mprogramin 1985 and 1986
found the average repair cost to be about $50 per failure. 8

The average cost to repair a vehicle which fails both the
| M40 and the 2500 rprmildle test is also assumed to be $75. This
figure is based on the fact that these cars are likely to receive
on average the same types of repairs as are received by vehicles
failing only the 2500 rpnildle test. For the vehicles which fai
only the M40 emssion test, the average repair cost is assuned
to be $150, or twice as much. This higher repair cost accounts
for the additional and nore thorough diagnosis needed to identify
the causes of the M40 failures. In addition, it allows for the
possibility of nore costly engine parts being required to repair
the 1 M40 failures. Therefore, blending the $75 cost of repairing
conbined 1 M40 and 2500 rpmildle failures with the $150 cost of
repairing | M40-only failures, and assum ng (based on observations
in Indiana) that there are slightly nore 2500 rpnildle/lM40
failures than | M40-only failures, yields an average cost of $120.

5.4.1.2 Em ssion Control Inspection Fail ures

The average cost (separated by nodel year group) to repair
emssion control conponents identified as needing repair or
repl acenent by a visual inspection are shown in Table 5-14.

These costs were estimated several years ago, based on
average retail parts and |abor costs. For exanple, the average
air punp repair cost reflects the cost of replacing a broken air

6 "1989 Annual Report Vehicle Exhaust Testing Program Jefferson County,
Kent ucky", April, 1990

7 "I/M Bvaluation Program Series 11", Summary from the California Ar
Resources Board's |/ M Eval uati on Program Cctober 25, 1991.

8 Jasper, W P. "A D scussion of Reported Miintenance and Repair Expenses in

an |/ MProgrami, SAE Paper 861547
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punp belt or reconnecting an air or vacuum line. This cost was
based on the assunption that nost air punp tanpering or
mal mai ntenance will focus on disabling the unit by disconnecting
the belt or line rather than renoving the entire unit. |If thisis
the case, then the repairs will be relatively sinple. The average
catal yst replacenment cost was based on the retail cost of an
aftermarket converter. The msfueled catalyst replacenent
reflected the cost of the converter plus an additional anount to
repl ace the poi soned oxygen sensor. The evaporative systemrepair
is the average cost of reconnecting a vapor or vacuumline after a
visual inspection of the system The PCV and gas cap repairs are
t he average cost of replacing these conponents.

Tabl e 5-14

Average Cost of Repairing Em ssion Control Conponents

Conponent Pre-81 1981+
At Punp $15 $15
Cat al yst Repl acenent $150 $165
M sf uel ed Cat al yst Repl ace $175 $190
Evapor ati ve Syst em Repai r $5 $5
PCV System Repai r $5 $5
Gas Cap Repl acenent $5 $5
Repair of intentional tanpering failures wll contribute

relatively little to the overall cost of repairing I/Mfailed
vehicles in the 1990s, due to decreasing tanpering rates. The
estimated costs per vehicle, therefore, were not revisited.

5.4.2 NO, Repair Costs and Met hodol ogy

Repair costs for NO yx reduction, and the supporting analysis
are discussed separately fromthe HC and QO repair cost analysis
because repairs targeted to reduce HC and CO em ssions often have
no effect on NO x em ssions. Moreover, the Indiana data showed
that the HZ QO failures and the NO x failures were essentially
separate sets of vehicles °  For exanple, many vehicles requiring
repairs to correct high HC or GO emssions frequently have fairly
low NOx emssions, and consequently do not require NO x repairs.
Furthernore, for those vehicles which are high NO y emtters, the
nost common repair is to the EGR system and this often has little

inmpact on HC or CO emssions. |In other words, the vehicles with
excessive HC and QO emssions usually need different types of
repairs than those with excessive NO x emssions. Thus, their

repair costs were anal yzed separately.

9 Novenber 1991, EPA nenorandum from E. dover to C Harvey, " Aver age
Repair Costs and Benefits fromRepairing Hgh NO y Emtters.™
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The data used to calculate the average cost and benefit of
performng vehicle NO x repairs was collected in the on-going EPA
Emssion Factor test program at the EPA's National Vehicle and
Fuel s Emssions Lab (NVFEL) in Ann Arbor, Mchigan, as well as at
the ATL facility in South Bend, Indiana. |In this program |arge
nunbers of in-use vehicles were recruited for testing and repair
to better characterize the emssions of the fleet. However, for
the analysis of NO yx costs, the overall database was restricted to
1983 and | ater nodel year vehicles which had received an FTP test
both before and after repair, and had been tested in the last few
years. As a result, data from 169 1983+ nodel year vehicles wth
repair data were obtai ned.

Most of the 169 vehicles were high emtters of HC or GO and
had repairs ainmed at those pollutants, since EPA had given the
testing contractor instructions to focus on HC and GO em ssi ons.

In order to nore accurately characterize the cost of effective NO X
repairs, criteria were used to further select vehicles which
clearly had high NO y emssions before repair, but had achieved
lower NOy emssions as the result of the repair. These criteria
were: Before repair FTP emssions had to exceed 2.0 gpm NO x, and
after repair FTP emssions could not exceed 1.25 gpm As a result

of these criteria, 10 cars out of 169 were selected, and 9 were
used in the final cost analysis. Examning the individual vehicle
repairs of these 9 vehicles (see Table 5-15) shows that all of
them needed ECR repairs to lower the NO y emssions to | evels which
could neet the criteria. Oh 6 of these vehicles, the EGR was
repl aced, while on the other 3 the EGR passage was cl eaned, or the

del ay val ve was repl aced.

The tenth car (683), a Chevrolet Chevette, was renoved from
the cost anal ysis because the repair it received was not targeted
toward NOy reduction. Instead, NO yx em ssions decreased prinarily
due to an ineffective HJ QO repair, which caused the engine to go
to a rich air/fuel mxture as evidenced by a very large QO
em ssion increase (10 to 30 gpn).

The repair costs of the 9 individual vehicles as well as the
overal| averages are shown in Table 5-15. For exanple, the price
of the repair parts averaged $44, using Mtchell's Sumer

Collision Estimating Quide . The |abor cost averaged $34, based on
0.68 hours at $50 per hour. These | abor hours were determ ned
using Mtchell's 1991 Mechanic's Labor Estimating Quide : In
addi tion, each car was assunmed to require 0.5 hours of diagnostic
tine at the labor rate of $50/hour for an average cost of $25.
Summ ng these costs puts the total average cost of an effective
NOx repair at $103. For input into subsequent cost-effectiveness

nodel s this overall cost was rounded to $100.
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Tabl e 5-15
NOx_Repair Costs

Parts D ag-

NOx Repai r Labor Labor Cost nostic Total
Veh MW Make Mbdel Descri ption Hour s Cost Ret ai | Cost Cost
861 87 MERC OOUGAR Repl aced EQR Val ve 0.80 $40 $42 $25 $107
94 86 FORD THUNDERBIRD Install EGR Vacuum 0.30 $15 $0 $25 $40
Li ne
803 86 CHRY NEWYORKER Replaced EGR Val ve 0.80 $40 $41 $25 $106
d ean EGR Passage
1095 89 PONT GRAND PRI X Repl aced EGR Val ve 0.80 $40 $161 $25 $226
Assenbl y
23 87 FORD TAURUS d ean EGR Passage 1.00 $50 $0 $25 $75
545 84 CADI SEVILLE d ean EGR Passage 0.70 $35 $0 $25 $60
1131 86 DCDG W50 Repl aced ER Del ay 0.30 $15 $22 $25 $62
Val ve
1657 83 COHEV CELEBRTY Replaced EGR Val ve 0.70 $35 $65 $25 $125
d ean EGR Passage
41 85 CEV S10 Repl aced EGR Val ve 0.70 $35 $67 $25 $127
683 85 CHEV COEVEITE e Sensor, Cool ant 4. 60 $230 $39 $25 $294
Tenper ature Sensor,
Rebui |t Carburetor
AVERAGE wi th 1.07 $53 $43 $25 $122
#683
AVERAGE wi t hout #683 0. 68 $34 $44 $25 $103
5.4.3 Evaporati ve System Repair Costs and Met hodol ogy

The repair and cost data used to calculate the average
evaporative system repair costs and subsequent fuel econony
i nprovenents were collected during an EPA running |loss test
program conducted at ATL during the Spring of 1991 in which
failing vehicles were repaired and retested. Al conparisons were
done with data obtained fromrunning |loss tests at 95 ° F using a
9.0 RVWP emission test fuel, and 3 consecutive LA4 test cycles (the
first LA being a cold start).

The cost-benefit calculation was based upon a sanple of 25
vehicles which failed either the I/M purge or pressure test in
this test program and for which evaporative system repair cost
information was available. 10 Only 24 vehicles (vehicle 1667 was
not available) were used to calculate the average fuel econony
cost savings resulting from evaporative system repair. The
results are shown in Table 5-16.

10 July 26, 1991, EPA nenorandum from E. Qover to C Harvey, " Aver age
Repair Costs and Benefits from Repairing Purge and Pressure Failures."
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Tabl e 5-16

Average Repair Costs and Fuel Econony Benefits

Tot al
Fuel
Tot al Fuel Econom Aver ag Aver ag Aver ag
Econony y e e e
Test | npr ovenent Savi ng Parts Labor Tot al
S Cost Hour Cost *
gal/m
Pressure 7.87 gpm 6.1% 0. 0034 $15. 03 0.45 $37.76
Pur ge 8.26 gpm 5. 7% 0. 0035 $21. 89 0. 96 $70. 10

* Labor costs are conputed fromlabor time using a | abor rate (including
California) of $50 per hour

The evaporative repair costs, excluding gas caps, are based
on parts costs as invoiced by ATL. |If the cost of a repair part
for a particular vehicle was not available, then the average cost
fromthe other vehicles which also received that repair was used.
For exanple, in the analysis, the value of $29.46, obtained from
vehicle (1563) was wused as an estinate of purge solenoid
repl acenent cost on two other vehicles (1525 and 1552) which
received that repair, but did not have invoiced repair costs. The
ATL invoiced gas cap replacenent cost was available on only two
vehicles (1532 and 1542). For the other vehicles which required
this repair, the gas cap cost was based on auto dealer retail
prices for an CEM part. Typically, the gas cap CEMretail price
was around $7. In addition, repair parts such as evaporative
hoses, or inexpensive in-line tees were assuned to cost not hing,
except as overhead in the | abor cost of fixing them

The time of repair is generally based on individua
diagnostic and repair durations provided by ATL. Typically, they
include both the tine to diagnose the problem and replace or
reattach the parts. For exanple, vehicle 1548 required 6 hours of
di agnosis to discover the cause of the purge problem and repl ace
the defective part. Mst of the time was spent in diagnosis
though this length was unusual since nost diagnoses and repairs
were conpleted in a half an hour or |ess.

In sone cases, actual labor times were not available to
di agnose or replace a particular part. |In these cases estinates
were nmade regarding the duration of a typical repair. For
exanpl e, gas cap replacenent (including diagnosis) duration was
not usually itemzed and, therefore, was estimated to be 15
m nut es. In other cases, repair tinmes from simlar repairs on
other cars were used. However, for the sake of clarity, both the
parts and | abor cost basis of each vehicle's repair are noted in
Table 2 of reference 8.
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5.5 Fuel Econony Benefits

5.5.1 Fuel Econony Benefits of Evaporative System Repairs

The analysis of the data shows a substantial fuel econony
benefit under the 95 ° F test conditions as the result of
evaporative system repair. This fuel econony benefit is
attributed to two factors. The first is increased perfornmance and
efficiency of the vehicle's engine follow ng an evaporative repair
such as reconnection of a vacuum line or a TVS repair. Thi s
increase in efficiency was directly neasured by the CVS equi pnent,
and it was found that the neasured fuel econony increased by an
average 3.2% for vehicles failing the pressure test, and an

average 2.8% for vehicles failing the purge test. The fuel
econony i nprovenent is calculated by dividing the fuel consunption
reduction by the total fuel consunption, as illustrated in the

fol l owi ng cal cul ati ons:
4.13 grans fuel /mle/128.3 grans fuel/mle = 3.2%Pressure failures
4.05 grans fuel /mle/143.75 grans fuel/mle = 2.8% Purge failures

The second factor involved in the fuel econony benefit
calculation is the utilization of the captured HC vapor which

woul d have otherw se been lost as running |oss em ssions. In a
properly designed <closed-loop vehicle the engine should
effectively substitute these vapors for liquid tank fuel, and
reduce the vehicle's real fuel consunption. These vapor fuel

flows from the engine and the evaporative canister are not
nmeasured during the running | oss test.

Since actual fuel flow data were not neasured, it was assuned
that 100% of the captured running loss emssions (i.e., the
difference between before and after repair |levels) can be
effectively utilized as fuel. This assunption may be slightly
hi gh given the fact that on average exhaust GO em ssions increased
somewhat as the result of evaporative repairs, indicating that
sone of the extra fuel was not fully conbusted. However, such an
error (i.e., using an 'R factor of 1.0) is probably snall, and
its effect should not be large considering that the running |oss
reductions are not large in conparison to total vehicle fuel
consunpt i on.

The running | oss vapors frompressure failures were converted
to liquid fuel, using an R Factor of 1.0, the standard density of
Em ssion Test Fuel, and a carbon weight factor of 0.83 for the
fuel .

3.74 gpmrunning loss CH 2 33 * RFactor = 3.74 gpmliquid fuel (CH 1.85)

3.74 g dm * (1cm3/ 0.745 g Fuel ) * (1 g Fuel / 0.83g O *
(1.0 liter/ 1000 cm3) * (1.0 gal/3.79 liter) = 0.0016 gal / ni
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The anal ogous running |oss vapors from purge failures were
converted to liquid fuel, and the percentage fuel econony
i nprovenent was calculated in a simlar nmanner.

4.21 gpmrunning loss CH2.33 * R Factor = 4.21 gpmliquid fuel (CHL. 85)

421 g Cdm * (1 cnB/ 0.745 g Fuel) * (1 g Fuel / 0.83 g Q *
(1.0 liter / 1000 cn8) * (1.0 gal/3.79 liter) = 0.0018 gal/m

The measured fuel econony inprovenents from better engine
operation were conbined with the neasured running |oss reductions
to produce evaporative repair fuel econony benefits of 6.1% for
pressure failures and 5.7% for purge failures. Aver agi ng these
t oget her produced an overall fuel econony benefit from evaporative
repair of 5.9%

5.5.2 Fuel Econony Benefits of | M40 Repairs

The fuel ec onony benefit for repairing a vehicle that has
been identified as failing the 0.8 gpm HC cutpoint or the 15 gpm
CO cut point on the I M40 test has been estinmated as an increase of
12.6%in overall fuel econony, after repairs. This conpares to an
8.0% fuel econony benefit realized by identifying and repairing
vehicles using the 2500 rpnildle test as a yardstick. These
percentages are derived from data gathered from the |M40 test
site in Hamond, |ndiana, and are based upon an average difference
in fuel econony before and after repairs.

The 12.6% fuel econony benefit assessed for identifying and
repairing vehicles on the basis of the M40 test |lane results is
based upon two groups of 1983 and newer vehicles recruited at the
Hamond test site. The first group included those vehicles that
failed the emssions cutpoints of 0.8 gomfor HC and/or 15.0 gpm
for GO which were subsequently FTP-tested, repaired and retested
at the ATL facility in Indiana (a total of 42 vehicles). The
second group consi sted of those vehicles that failed the em ssions
cutpoints, were FTP-tested, but were not repaired (a total of 10
vehicles). Unrepaired vehicles were assunmed to represent a fuel
econony benefit of zero, with the net effect that the overall fuel
econony benefit calculation is conservative.

The 10 |1M40-failed vehicles nentioned above were not
repaired and retested because the original design of the testing
program sought to conserve testing slots by applying a criteria
that only vehicles with an FTP result twice the certification
standards for the vehicle would receive repairs and be retested.
These unrepaired vehicles were included in the analysis to
represent that fraction of vehicles (i.e., 19% or 10 out of 52)
expected to fail the IM40 (in a future |/M program but which
have only a narginal emssions problem and presumably only a
margi nal fuel econony loss (if any), thus requiring only mninal
repairs which will not result in inproved fuel econony. The
averaged fuel econony benefit represents a harnoni c average of the
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FTP fuel econony before and after repairs for the 52 vehicle
sanpl e group.

Tabl e 5-17 shows that 17 vehicles which failed at the Hammond
|ane were not repaired, which raises the issue of why only 10
vehicles were used to represent the “no inprovenent” vehicles.
The logic and assunptions were as foll ows. G the 72 vehicles
that were repaired, only 42 (58.3% had all the necessary data to
do the calculations. Assumng the sane attrition rate (due to
inconplete data) for the vehicles that did not receive repairs
(i.e., 58.3% of the 17 unrepaired vehicles) yields a total of 10
vehi cl es. The net effect of assumng this fraction of “zero
i nprovenent vehicles” is a lower fuel econony benefit for the
| M40 (12.6% i nstead of a potential 15.7%.

Tabl e 5-17

Zero | nprovenent Vehicle Sanple Size Adjustnents

Qiginal # Remai ni ng
of Vehs Description of Data Used and Renoved Vehi cl es
98 1983+ Failed lane 0.8 & 15 & recei ved FTPs 98
17 were less than tw ce standard & not repaired 81
9 were greater than twi ce the standard, but were not 72

repaired due to test schedule or cost (engine
rebuild or catalyst)

4 had no as-received |IM40s at ATL (I MA40-based fuel 68
econony benefits were initially evaluated, so this
test was required. In retrospect, they should have

been added back into the database for the FTP-based
FE i npr ovenent )

1 had no after-repair |MA40 #1643 (to verify repair 67
success)
25 Failed after-repair 1 M40 (inconpl ete ATL repairs) 42
% of 72 repaired that can be included in anal ysis = 58. 3%
58% of 17 <2 x standard & not repaired included as
zero inprovenent = 10
5.5.3 Fuel Econony Benefit for the 2500 rpnildl e Test

The 8.0% fuel econony benefit assessed for identifying and
repairing vehicles on the basis of the 2500 rpnildle test is based
upon two groups of 1983 and newer vehicles recruited at the
Hamond test site. The first group consisted of 6 vehicles that
failed the 220 ppm HC and/or 1.2% QO cutpoints on their initial
2500 rpnildle I/M test, received an [IM40 before and after
commercial repairs, and received passing scores on the retest.
The second group consisted of those vehicles that returned to the
Hamond | ane after commercial repairs, but again failed the 2500
rpmldle test. These latter 6 retest failures are considered to
be the result of inconplete repairs, which would be corrected in
an enhanced |/ M program

The before and af ter | M40 fuel econony data was "corrected
to reflect FTP fuel econony by enploying a correction factor of
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1.0925, reflecting the fact that, on average, FTP fuel econony
varies from | M40 nmeasured fuel econony by 9.25% This variance
reflects the fact that the | M40 and FTP are, after all, different
tests, using different driving cycles, etc. Still, the two tests
show a high degree of correlation, and, in the area of fuel
econony, the variance between the tw tests is a relatively
constant difference of 9.25% Therefore, multiplying | M40 fuel
econony readings by 1.0925 yields a reliable estimate of FTP fuel
econony.

After successful repairs (i.e., those resulting in a passing
retest), sonme narginal vehicles will fail to realize a noticeable
fuel econony inprovenent. Using a database of 48 cars, it was
determned that 4 of the vehicles that failed the 2500 rpnildle
|/Mtest were not repaired because their FTP em ssions scores were
less than twice their certification standards, leading to the
conclusion that, had these vehicles been repaired, their fuel
econony benefit would be zero. These 4 vehicles represent 8.3% of
the 48 database vehicles for which all the necessary data was
available. Assumng that 8.3% of the 6 vehicles that were still
failing I/M wuld not get a fuel econony benefit after repairs
yields a figure of 0.48 vehicles that will show no noticeabl e fuel
econony benefit. Gven that half of a vehicle cannot be added to
t he database, each of the other 6 vehicles that did pass after
repairs were duplicated yielding twelve vehicles, and 1 vehicle
was added to represent the "no fuel econony inprovenent” case.
Adding the single “zero inprovenent vehicle” lowered the fuel
econony benefit of the 2500 rpmiidle test from 8.6% to 8.0%
Tabl e 5-18 further details how these nunbers were arrived at.

Tabl e 5-18

Adj usted Zero FE Benefit Vehicle Sanple Size

Qiginal # of Remai ni ng
Vehi cl es Description of Data Used and Renoved Vehi cl es
312 1983+ Failed INI/Mat |ane 312
256 not recruited to lab 56
8 m ssi ng dat a 48
44 dirty enough to expect an FE benefit 4
% that failed INI1/Mbut too clean for a FE 8. 3%
benefit (4 of 48)
8% of 6 commercially repaired included as 0.48

zero i nprovenent

Wile 6 vehicles may seem |ike a slim database, we did not
want to assune too | ow a fuel econony benefit for the conventional
2500 rpnildle test and risk overestimating the increnental benefit
of the IM40 test. A md-1980s study with actual or sinmulated
commercial repairs of older technology 1981-83 vehicles showed
only a 3.5%inprovenent. This has not been shown to be applicable
to newer technology vehicles. W also did not want to claimtoo
much benefit. W did not rely on the ATL-perforned repairs (as we
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did for the fuel econony benefit when using |M40 cutpoints)
because the ATL nechanics were instructed to repair all known
mal functions that would likely affect FTP HC and GO  Therefore,
the emssions and fuel econony benefits would |ikely exceed what
woul d actually occur with real world repairs that stop as soon as
the 2500 rpmiidle test cutpoints are nmet. In contrast, we judged
that because the IM240 is a nmass emssions test that correl ates
well with the FTP, real world repairs ainmed at making vehicles
pass the fairly stringent [IMA40 cutpoints would not be so
different fromthose nade by the ATL nechanics. The fact that 25
of the 67 ATL-repaired vehicles still failed the I M40 suggests
that ATL nechanics in general did not go too far.

5.6 Recurring Failure and Repair Rates and Fraction of F eet

Affected by Fuel Econony Benefits

The rates at which vehicles recurrently fail tailpipe tests
and em ssion control inspections in an ongoing |I/M program (i.e.,
the percentage of failing vehicles in a program that has been
established for a few years) are wused wthin the Cost
Ef fectiveness Mdel (CEM) for determning repair costs. Fuel
econony credits for repairs resulting from tailpipe tests are
based on the hypothetical failure rates that would occur in the
first cycle of the I/Mprogramif it were just starting. These
hypot hetical rates in effect represent vehicles that have been and
remain affected by the I/M program that has in fact been
oper ati ng.

The exhaust test failure rates for calculation of repair
costs in CEM are in the formof a zero-mle failure rate and a
deterioration rate, such that the fraction of failing vehicles for
a given test type is calculated by multiplying the deterioration
rate by the average mleage and adding that result to the zero-
mle failure rate. Table 5-19 shows the zero-mle and
deterioration rates found in the BLOCK DATA section of CEM

Tabl e 5-19
Exhaust Test Failure Rates

(fraction)
Test Zero-Mle Deterioration Type

(per 10K m | es)
Idle 0.00 0.01 (recurring)
2- Speed 0.00 0.01 (recurring)
Loaded 0. 0252 0. 01190 (recurring)
| M240 0. 00 0.0373 (first-

cycl e)

NOX 0. 032936 0. 0084805 (recurring)

These nunbers are based on regressions of emssion test data
from the 1M40 |ane in Indiana. In 1990 and 1991, Indiana had
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just revitalized its noribund |1/M program and hence can be
considered to represent a hypothetical I/M programin its first
cycle of inspections). For the IM40 the first-cycle HJ QO
failure rate per 10,000 mles was 0.0373 at an average of 50, 000
mles observed anong 3,436 nodel year 1983 and newer cars in

| ndi ana. The above recurring rates include adjustnent of the
first-cycle rates by a factor of 1/1.87 (e.g., 0.01 =
0.0187/1.87). This adjustnment factor is the recurring initial

failure ratio for idle testing, derived by conparing the Indiana
failure rates with failure rates fromother operating |/ M prograns
with | onger histories.

The recurring zero-mle rate used by the nodel for the |IM40
is half of the first-cycle deterioration rate (0.0373/2 =
0.01995). The recurring deterioration rate used by the nodel for
the IM240 is half of 1/1.87 tines the first-cycle failure rate.
This method represents a 50-50 conprom se between the follow ng
two assunptions, either of which would be reasonably plausible:
(a) The I1M40 test wll require vehicle repairs sufficient to
return the emssion control systens to |ike-new condition thus
yielding a constant failure rate equal to the rate found for the
first 10,000 mles of operation (0.0373), and (b) IM40 repairs
wll deteriorate simlarly to idle and 2-speed test repairs, which
woul d yield a deterioration rate of 0.0373/1.87 = 0.01995).

These failure rates assune cutpoints of 1.2% GO and 220 ppm
HC for the idle and 2-speed tests, and 0.8/15 gpm for the |M40
test. For NOX, separate cutpoints of 1.69 for PFl, 2.50 for TBI,
and 3.99 gpm for carbureted vehicles are used resulting in an
overall nomnal failure rate of about 10% on the | M40.

In the case of ATP em ssion control conponent inspections CEM
calculates recurring repair rates for the first year a vehicle is
inspected from the difference in tanpering rates given by
MBI LE4. 1 for the no-programcase and the wi th-ATP case. There is
also a small residual repair rate assunmed for latter years, with a
very mnor cost inpact.

In the case of purge and pressure test failures MZBILE4. 1
uses a | ookup table which has different nal function rates for each
vehicle age up to 13 years, and older vehicles are assigned the
rates of the 13 year old vehicles. The nalfunction rates range
fromroughly 4% to 33%for purge or pressure nal functions, and 8%
to 50% for the conbination of purge and pressure mnalfunctions.
This lookup table can be found as the EFFECT array at the
beginning of the FAIL function in CEM (NOTE: The CEM program
listing in can be found in Appendi x A of the draft version of this
report). After appropriately weighting together these purge and
pressure failure rates, MBILE4.1 uses themin its cal cul ati on of
evaporative and running | oss emssion factors in the absence of an
evaporative I/Mprogram These nal function rates woul d becone the
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first-cycle failure rates for a new |/M program rather than
recurring failure rates.

CEM assunes these sane initial failure rates in determning
fuel econony benefits of purge and pressure tests, since the fuel
econony effect of an I/M program in a given year depends on the
difference between the nunber of failures that would exist in a
no-program case and the near-zero nunber present with the I/M
programin operation. The fuel econony benefit calcul ation using
these failure rates is described in Section 5.5.

To determne purge and pressure repair co sts, CEM requires
recurring failure rates corresponding to an ongoing I/M program
wherein the failure rate would be lower than the initial failure
rate observed in Indiana's first cycle and used in MBILE4.1 and
in the fuel econony benefit calculation to represent the no-
programcase. The recurring purge and pressure failure rates used
for this purpose are:

Recurring Purge test failure rate: 3. 0%
Recurring Pressure test failure rate: 2.5%
Recurring total Purge/Pressure failure rate: 5. 0%

The exact use of these rates can be seen in the FAIL function of
the CEM programlisting (see previous note).

These recurring purge and pressure test failure rates were
derived fromthe initial rates of MBILE4.1. As an exanple, the
5% total failure rate is based on roughly a 50% failure rate for
ten year old vehicles indicating that roughly 5% went bad each
year on average. For an analysis that did not treat age
explicitly this was an assunption that could be used for all ages,
and would definitely not underestimate costs, since nuch of the
rise to the 50%failure rate happens at hi gher ml|eages when there
are fewer cars still in use.

5.7 Method for Estimating Cost Effectiveness of |/ M Prograns

The cost of an I/M program is determned by summng the
estinmated inspection fee costs, the estinmated repair costs, and
the negative cost of estimated fuel econony benefits (gallons of
fuel saved * $/gallon). The em ssion benefits of an I/M program
are determned by subtracting the estimated emssions with the

program from the emssions with no I/M program CEM does the
emssions calculation by nmaking multiple runs of M®BILE4.1 and
mani pul ating the results of the various runs. Since MBILE4. 1

does not include the necessary cost conponents, CEM itself
cal cul ates costs by conbining the previously discussed i nformati on
on per vehicle costs and fuel econony benefits with the estinates
of failure rates.
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Since MBILE4A.1 calculates the emssion levels, tanpering
rates, and msfueling rates for January 1lst of each cal endar year,
CEM perforns two two consecutive sets of M®BILE4.1 runs and
interpol ates between them to get an annual average emssion rate
which is then converted into a ton per year value using the fleet
vehicle mles travelled (VMI) data contained in MO®BILE4. 1. In
order to separate out costs and benefits associated with various
portions of an |I/M program two internediate MBILE4.1 runs are
done between the full program and no-program runs. Therefore,
each CEMrun perforns a total of eight MBILE4.1 runs as foll ows.

1) Full 1/M& ATP program (as requested)

2) Run 1 m nus any ATP and evap testing

3) Run 2 mnus any tailpipe I/M but wth tanpering

deterrence effect of I/M

4) Basel i ne, no programbenefits at all)

5) Run 1 for next cal endar year

6) Run 2 for next cal endar year

7) Run 3 for next cal endar year

8) Run 4 for next cal endar year

5.7.1 Inspection Costs

| nspection costs are determned by miltiplying user-inpu
i nspection costs by the nunber of vehicles adjusted for conpliance

rate (percentage of vehicles that fail to get inspected).
Separate costs are input for tailpipe emssion tests, emssion
control checks, purge test, and pressure test. |If a programcalls

for biennial rather than annual inspections, the inspection costs
per year are divided in half. Al default costs are found in the
SETUP routine of the CEM program |isting. Defaul t inspection
costs are shown in Table 5-20. MNote that the cost of performng
the purge test overlaps mnmany of the costs associated wth
transient testing, including the cost of a dynanoneter, video
driver's aid (VDA), and the throughput adjustment associated with
the longer test tine. If purge testing is assuned, the
increnmental cost of including the transient test is relatively
mnor, including the cost of a constant volune sanpler (CVS) and
t he anal yzers necessary to performmnass em ssions testing.

Tabl e 5-20

Default Inspection Costs in CEMI. 1

Test Cost Comment s
St eady-state Tai | pi pe $10 $12 if biennial
Test
Em ssion Control Checks 25¢- 1. 75 | Depends on checks done
Pressure Test 69¢
Pur ge Test $6.53 |l ncludes dyno, adjusted
t hr uput
Transi ent Em ssion Test 67¢ | ncrenent over purge cost
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5.7.2 Repair Costs

Calculating total repair costs is performed simlarly to the
i nspection costs, except that the costs are only applied to the
percentage of vehicles estinmated to fail a given I/Mtest. It is
further adjusted for the percentage of vehicles that do not get
repaired because they require repairs costing nore than the
applicable cost waiver limt. Default repair costs are as
fol | ows.

Tabl e 5-21
Default Repair Cost in CEMI. 1

Failure Triggering Repair Pre-81 81+
Idile or 2500 rpmildlie $50 $75
Test

Transi ent Test (1 M40) N A $150
Ar Punp $15 $15
Cat al yst $150 $165
M sf uel ed Catal yst Cost $175 $190
Evapor ati ve System $5 $5

PCV System $5 $5

Gas Cap $5 $5

Purge Test $70 $70
Pressure Test $38 $38
NOx Not $100

Esti mat ed

In the case of transient exhaust testing, the fraction of
failing vehicles that would have failed a 2500 rpmiidlie test is
assigned the repair cost for the 2500 rpmiidle test, while the
remai nder is assigned the higher transient test repair cost.

5.7.3 Fuel Econony Cost Benefits

Fuel econony benefits are based on cumul ative repairs nade to
vehicles that fail an I/M tailpipe test and/or an evaporative
system pressure test. As described in Section 5.5 the repair
rate used is the first-cycle failure rate corresponding to
i nspection of vehicles that have not previously been subject to an
I/M program The percentage inprovenent in fuel econony depends
on the type of test that was failed. The follow ng benefits are
fromthe BLOCK DATA section of the CEM program i sting.
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Tabl e 5-22

Fuel Econony Benefits in CEMI. 1

Test FE Benefit
2500 rpnildle (pre-81) 0. 0%
2500 rpnildle (81+) 8. 0%
| M240 (83+) 12. 6%
Pur ge/ Pressure 5. 9%

The nodel converts these percent MPG benefits into dollar benefits
using the VWMI information from MOBILE4.1, fleet average fuel
economes for appropriate nodel years from CEM and a user-input
gasol i ne cost from CEM which defaults to $1.25 per gall on.
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6.0 REGQLATCORY | MPACT ANALYSIS - COSTS AND BENEFI TS OF ENHANCED
/M

6.1 Em ssion Reduction Benefits

Gam per mle emssion factors were calculated wusing
MBI LE4. 1 for the high-tech enhanced program The design el enents
and proposed performance standard inputs are detailed below in
Table 6-1. These inputs include annual, centralized testing of
1968 and later light-duty vehicles and light-duty trucks, as
required by section 182(c)(3)(B) of the dean Air Act Anendnents
of 1990. Qher inputs reflect national default values assuned in
MBI LE4.1. It should be noted that these inputs are substantially
simlar to those that appeared in the draft version of this
docunent, wth the exception of assumed waiver and conpliance
rates, which have been |oosened to reflect nore realistically
achi evabl e |evels. Nevertheless, the emssion reductions
projected for the enhanced |I/M performance standard are within a
per cent age poi nt of those previously reported.

The gram per mle emssion factors for various |I/M scenario S
and the emssion reduction benefit as a percentage of the no-1/M
case in the cal endar year 2000 are shown in Table 6-2. The no-I/M
factors were calculated assumng the same RVP, anbi ent
tenperatures, naxi num and mni mum tenperatures, operating nodes,
altitude, vehicle speeds, and VMI' m x vari abl es as assuned for the
|/M scenari os. Stage Il and on-board vapor recovery system
effects were not nodeled in either the I/Mor no-I/M cases.

Em ssion benefits from basic I/M (the current perfornmance
standard) and from the biennial high-tech program (which EPA
recommends) are also shown. Note that the proposed enhanced |/ M
performance standard listed below in Table 6-2 is an annual
program as required by the Act. Note further that emssion
reductions are expressed as a percentage of total highway nobile
source em ssions. Many other nobile source prograns are described
based on light-duty vehicles; doing so here would show a much
hi gher percent benefit.

The results shown in Table 6-2 are our best estinates at t hi s
tinme, but our test prograns and data anal yses are continuing and
we anticipate refining the nunbers as tinme goes on.
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Table 6-1

MBI LE4. 1 Inputs for the H gh-Tech Enhanced Mddel Program
Fl ag | nput
(Standard | nputs)
Pre-1981 Stringency 20%
Idle 1968- 1980
2500 rpm 1 dl e 1981- 1985
Pressure 1983+
Pur ge 1986+
Tr ansi ent 1986+
tWai ver Rate 3%
tConpl i ance Rate 96%
*Net wor k Type central
*Test Frequency annual
*Vehi cl e Cover age LDV/ LDT1/LDT2
ATP MY cover age 1984+
Cat al yst Yes
Fuel Inlet Yes
A r Punp No
Tai | pi pe Lead Test No
Evap D sabl ement No
PCV D sabl enent No
Gas Cap No
(Local Inputs)
A titude 500 feet
Period 1 RVWP 11.5
Period 2 RVWP 8.7
Period 2 Start Year 1992
M ni mum Tenper at ur e 72°F
Maxi mum Tenper at ur e 92°F
Anbi ent Tenper at ure 87.5°F
per ati ng Mode 20.6/27.3/20.6
Oboard Control s no
Stage Il Control no
Vehi cl e Speeds 19.6 nph
VMl M x MB4. 1 defaul t
t These percentages may not be realis tic for sone prograns, in which case
the programwi ||l have to be "over designed" to nake up the performance | o0ss.
* Oean Ar Act Amrendnents require these inputs as elenents of the
per f or mance st andar d.
Tabl e 6-2
Benefits of I/MPrograns otions *
VOC Em ssion Effects QO Enmission Effects
Em ssi on Em ssion
Fact or Per cent Fact or Per cent
Scenari o (gpm Reducti on (gpm Reducti on
Base - No I/M 2.084 - 11. 874 -
Basic |/ M 1.971 5.4% 10. 021 15. 6%
Bi enni al H gh- Tech 1. 495 28. 3% 8. 223 30. 7%
Program
Proposed Enhanced 1. 503 27. 9% 8. 230 30. 7%

Per f or nance St andard
* Tot al
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6.2 Cost Effectiveness Estinates

6.2.1 Assunptions and | nputs

EPA's estimates of the cost-effectiveness of |/M scenarios
are based upon nodeling with MBILE4.1 and CEMI. 1 with assessnents
done for calendar year 2000. These are conpared with a nodeling
scenario in which no I/Mprogramis assuned.

The assuned cost for an |/M inspection, including a visual
check of em ssion control devices, is $8.50. The increnental cost
of adding the evaporative system pressure test is $1.94. The
incremental costs of adding the purge and transient tests are
$5.19 and $0.87, respectively. As indicated in section 5.6.1, the
cost of the purge test includes the cost of a dynanoneter and VDA,
and also reflects a throughput adjustnment to accommodate the
longer test; adding transient testing to the purge test requires

the addition of a C/S and the necessary emssions analyzers. In
addition, gasoline is assumed to cost $1.25 per gallon. The
average repair costs shown in Table 5-17 were assunmed. It should

be further noted that the increnental costs of adding purge and
transient testing to a decentralized network ($12.40 and $24. 97,
respectively) are larger than in a centralized network because of
the assunption these additional costs will be spread out over a
smaller test volunme (i.e., it is assuned that the average nunber
of vehicles tested per station in a decentralized network will not
change) .

6.2.3 Cost - Ef fecti veness Cal cul ati ons

Total annual program costs per mllion vehicles, as
calculated by CEML 1, are presented in Table 6-3, including
i nspection costs, repair cost and fuel econony benefits, shown on
an annual basis. Note that the total cost (on a per mllion
vehicl e basis) of a biennial enhanced programis |less than either
the annual enhanced program or the basic |/M program These
results nake it clear that biennial testing should be a top
priority.

Tabl e 6-3

Total Annual Program Cost

Scenari o Cost

Basic I/M $6, 412, 000
Annual Enhanced $11, 390, 000
Bi enni al Enhanced $5, 429, 000

The next step is to calculate cost-effectiveness ratios, or
the annual cost per ton of emssion reductions. For areas that
are required to do enhanced I/M due to ozone nonattai nnent (the
maj ority of enhanced I/Mareas), the ratios could be cal cul ated by
dividing the annual program costs, from Table 6-3, and dividing
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them by the annual tons of hydrocarbon reductions. The results
are shown in Table 6-4. Unlike the total costs in Table 6-3, the
cost per ton decreases with programstringency. This is because a
maj or part of the cost is the inspection and the small narginal
cost of doing a nore effective test is overwhelned by the large
margi nal benefit. This is a critical factor to keep in mnd when
choosi ng anong various different ozone control strategies.

Tabl e 6-4
Cost per Ton Allocating AlIl Costs to VOC

Scenari o Costs per Ton
Basic I/M $5, 410

Annual Enhanced |/ M $1, 694

Bi enni al Enhanced |/ M $879

Since the I/M program yields QO benefits as well as VCOC
benefits and sone areas need reductions in both, it nakes sense to
split the cost anong pollutants. H gh-tech I/M can also obtain
significant NO x benefits and many ozone areas nmay need NO x control
as well to bring ozone levels into conpliance wth EPA standards.

To estimate the cost of only the VOC portion of the I/M benefit,
one can assess what the cost would have been to obtain the CO and
NOy reductions by other strategies. |If all the programcosts were
allocated to NO x reductions (which only occur in the high option
program, then the cost per ton for the annual enhanced, high-tech

| /M programwoul d be $6,298 per ton and for the biennial high-tech
program $3, 267 per ton of NO x benefit. Aternative costs for NO
reductions are estinmated using cost per ton figures to obtain
stationary source NO yx reductions through the use of nore efficient
burners, estimated at $300 per ton. Alocating all of the program
costs to QO yields a cost per ton of about $143 for the biennial

hi gh-tech program Costs for other control prograns range from
roughly $100-225 (without fuel econony benefits) for cold
tenperature QO standards. Oxygenated fuels prograns range from
about $200-400 per ton. A conservative, alternative cost per ton
figure of $125 was chosen for this analysis. These alternative
cost per ton figures are then multiplied by the annual ton
reductions attributable to the various program scenarios. O her
assunptions about the cost of alternate CO or NO x prograns woul d

change the cost remaining to allocate to VOC. H gher costs would
| eave less to assign to VOC and vi ce-versa.

Since QO reductions are not needed in all areas, and only
about 44%of the vehicles that will be subject to enhanced I/Mare
in GO areas, costs are not assigned in all areas. This is done by
reduci ng the tons of emssion reduction to 44%of full benefit and
using that result to calculate the alternative cost per ton.
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The results are shown in Table 6-5. As expected the costs
are lower in all cases, and the biennial high-tech program is
about $461 per ton.

Tabl e 6-5

VOC Cost _per Ton Accounting for NO x and QO Benefit

Scenari o Cost Per
Ton
Basic |/ M $4, 518
Annual Enhanced |/ M $1, 271
Bi enni al Enhanced |/ M $461
6.2.4 Nati onal Cost of Choosing Less Stringent |/ M

The dean Ar Act requires nonattainnent areas to neet
specific mlestones of 15% reduction in VOC em ssions by 1996 and
a 3% reduction per year thereafter. There are two ways for states
to achieve these goals: inpose additional controls on stationary
sources (i.e., those beyond RACT requirenents) or additional
controls on nobile sources. The question is: Wat is the cost of
doing a less stringent [|/M program and getting additional
reductions fromstationary sources instead?

Adopti ng a weak performance standard for I/ M neans fewer tons
of VQOC reductions than EPA s proposed high-tech program as shown
in Table 6-6. The |l owtech "enhanced" programlisted in Table 6-6
is essentially the basic I/M performance standard with |ight-duty
trucks included along with visual inspection of the catal yst and
inlet restrictor. This less stringent standard, even when
inplemented in a centralized network, costs nore per ton than the
hi gh-tech approach. Thus, if states choose to inplenent a weak
I/M program there is a direct cost to the nation because of the
hi gher expense. In addition to the direct cost, there is also an
indirect cost. As nore and nore controls are inposed on
stationary sources, the law of dimnishing returns would predict
that the cost per ton will rise. It is estimated that the cost of
these marginal controls will likely exceed $5,000 per ton.

Tabl e 6-6

Total Cost and Benefits of I/M Qpti ons

Per MIIlion Vehicles Tons Tot al Cost
H gh- Tech Enhanced I/ M 6, 724 $8, 544, 000
Centralized LowTech |/M 2, 245 $8, 204, 000
Decentral i zed LowTech I/M 2,245 $17, 062, 000

To estimate the total cost of inplenmenting an only nmarginally
"enhanced" program (i.e., the |l owtech program nmenti oned above) it
was assuned that of the 56 mllion vehicles subject to enhanced
I/M42 mllion vehicles would be in a decentralized system and 14
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mllion would be centralized. This reflects the current mx of
prograns in the affected areas. It was al so assuned that each ton
not obtained from I/M would be gotten from stationary source
controls at $5,000 per ton. The results are shown in Table 6-7.
The extra direct cost of the lowtech option would be about $353
mllion while the indirect cost of the nore expensive stationary
source controls amounts to about $1,254 mllion, for a total of
about $1.6 billion in excess cost.

Table 6-7

Excess Cost of Choosing Low otion |/ M

Vehicles Benefits Cost

mllions tons mllions
H gh-Tech I/ M 56 376, 529 $479
Low Tech Centralized 14 31, 426 $115
Low Tech Decentrali zed 42 94, 279 $717
Total Low Tech 56 125, 705 $832
H gh- Tech - Low Tech 250, 824 $353
Stationary Cost @$5000/ton $1, 254
Total Excess Cost $1, 607

6.3 MNational Costs and Benefits

6.3.1 Em ssi on Reducti ons

Estimates of the total costs and em ssion reduction benefits
of current and future |I/M prograns were obtained using CEM. 1.
Because average costs and effectiveness vary between centralized
and decentralized prograns 11 the costs and reductions were nodel ed
differently for each program type. The MBI LE4.1 output show ng

the scenarios used are in Appendix |I. Vehicle population figures
are needed in order to calculate total costs and emssion
reducti ons. Because figures obtained from the states vary in

reliability, estimates were derived based upon Census data for
each area.

As shown in Table 6-8 below, current I/M prograns obtain
estimated total annual em ssion reductions of 116,000 tons of VOC
and 1,566,000 tons of GO Inplenentation of a biennial high-tech
program would vyield estimated annual emssion reductions of
384,000 tons of VOC and 2,345,000 tons of QGO from enhanced |/ M
prograns, and 36,000 tons of VOC and 500,000 tons of QGO from basic
pr ogr amns. Enhanced high-tech 1/ M prograns would al so reduce NO X

emssions. The transient test with NO x cutpoints designed to fail

1Tierney, E , J. "I/M Network Type: Effects on Emssion
Reductions, Cost, and Convenience,"” U S. EPA Technical Infornation
Docunent, nunber EPA-AA-TSS-1/M89-2, January 1991
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10%to 20% of the vehicles would yield estinmated NO x reductions of
9% relative to emssion levels with no programin pl ace.

Tabl e 6-8

Nati onal Benefits of I/M

(tons of em ssions reduced annual |l y)

Yee ee)
Reductions from Conti nui ng 1/ M Unchanged
Central i zed Areas 55, 540 775, 228
Decentral i zed Areas 60, 476 791, 167
Qurrent Tot al 116, 016 1, 566, 395
Expect ed Reducti ons from Proposal
Enhanced Areas 384, 130 2,345, 278
Basi ¢ Areas
Centralized 23, 289 326, 290
Decentral i zed 12, 996 174, 186
Basi ¢ Tot al 36, 285 500, 476
Tot al Future 420.415 2,845, 754
Benefits

Thus, enhanced |/M and inprovenents to existing and new |/M
prograns will result in national em ssion reductions substantially
greater than current |/M prograns.

6.3.2 Economc Costs to Motorists

EPA has devel oped estimates of inspection and repair costs in
a high-tech 1/M program The derivation of these estimates is
detailed in section 5.0. A conventional steady-state |I/M test
including ATP currently costs about $8.50 per vehicle on average
in a centralized program and $17.70 per vehicle on average in a
decentral i zed program A conplete high-tech test, including
transient, purge, and pressure testing, is expected to cost
approximately $17 per vehicle in an efficiently run high-vol une
centralized program In a program where 1984 and | ater vehicles
recei ved the high-tech test, and ol der vehicl es received a steady-
state test and ATP, and the inspection were perfornmed biennially,
the estimated annual per vehicle cost would be about $9. The cost
is sensitive to whether test equi pnment and personnel face a steady
stream of vehicles or have idle periods. Therefore the cost would
be somewhat higher in a test-only nmulti-participant systemif the
inspection network had nore excess capacity than a typica
centralized program Test-only stations may also not be as
proficient in testing each vehicle quickly, adding somewhat to
costs.
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The overall average repair cost for transient failures is
estinmated to be $120. Average repair costs for pressure and purge
test failures are estimated to be $38 and $70, respectively.
Repairs for NOx failures are estimated to cost approxinately $100
per vehicle. Data fromthe Hammond test programindicate that it
would be very rare for one vehicle to need all three of these
repair costs.

These repairs have been found to produce fuel econony
benefits that will at least partially offset the cost of repairs.
Fuel econony inprovenents of 6.1% for pressure test failures and
5.7%for purge test failures were observed. Vehicles that failed
the transient short test at the proposed cutpoints were found to
enjoy a fuel econony inprovenent of 12.6%as a result of repairs.
Fuel econony inprovenents persist beyond the year of the test.

Qurrently, there are an estimated 63, 550, 000 vehi cl es subj ect

to I/M nationw de. G these, 23,574,000 are in centralized
prograns and 39,976,000 are in decentralized prograns (see
Appendi x 1). I nspection fees currently total an estinmated $747

mllion annually, $182 mllion in centralized prograns, and $565
mllion in decentralized prograns. Repair costs are estinmated at
$392 mllion, $140 nillion in centralized prograns, and $252
mllion in decentralized prograns. Qurrent fuel econony benefits
are estimted at $245 nillion, $92 nillion in centralized
prograns, and $153 mllion in decentralized prograns.

As shown in Table 6-9 below, estimates using EPA s cost-
effecti veness nodel show that total inspection costs in the year
2000 in enhanced |/ M prograns accounting for growh in the size of
the vehicle fleet are expected to be $451 nillion, with repairs
totaling $710 mllion assumng that prograns are biennial. Fue
econony benefits are expected to total $825 mllion, with $617
mllion attributable to the tailpipe emssions test and $208
mllion due to the functional evaporative tests.

In basic I/M prograns, total annual inspection costs in the
year 2000 are estimated at $162 mllion, and repair costs are
expected to be approximately $113 nilli on.

Thus, despite significant increases in repair expenditures as
a result of the program the switch to biennial testing and the
i mproved fuel econony benefits from prograns wll result in a
| oner national annual cost of the inspection program
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Tabl e 6-9

Program Costs and Econom c Benefits

(mllions of dollars)

Em ssi on Em ssion Evap
Test Evap Test Fuel
Test Repai r Repair Fuel Econony  Net
Cost Cost Cost Econony Savings  Cost *
Savi ngs
Costs and Econom c Benefits of Continuing |/ M Unchanged
Central $182 $140 na ($92) na $230
Decentral  $565 $252 na ($153) na $664
Tot al $747 $392 ($245) $894
Expected Costs and Econom c Benefits From Proposal
Enhanced $451 $489 $221 ($617) ($208) $336
Basi c
Centr al $67 $60 na ($39) na $88
Decentral  $95 $53 na ($31) na $117
Tot al $162 $113 ($70) $205
G and $613 $602 $221 ($687) ($208) $541
Tot al
* Net cost is derived by addi ng i nspection and repair costs and subtracting

fuel econony benefits.

6.4 Mtorist |Inconveni ence Costs

There is an additional cost factor associated with I/M the
cost of the time spent by vehicle owners in conplying with the
inspection requirement. This cost was estimated by assum ng that
notorists' leisure tine is worth about $20 per hour. The amount
of tinme spent getting an inspection can vary considerably as well
and very little data on this subject is available. For the
purpose of this analysis, it was assuned that notorists typically
spend roughly 45 mnutes travelling to the test site, getting
tested, and returning in an efficiently designed high vol une test
program

EPA cal cul ated the cost-effectiveness of a biennial high-tech
program with this additional cost included. Tabl e 6-10 bel ow
shows the estinmated total program cost per mllion vehicles, the
cost per ton with all costs allocated to VOC reduction, and the
adj usted cost per ton of VOC with costs all ocated anong pol | utants
as di scussed previously.
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Tabl e 6-10

Costs of the Biennial H gh Qotion including I nconveni ence

Tot al Cost $12, 254, 000
Cost per Ton

Al costs to VOC $1, 983
Cost per Ton

Adj ust ed VOC Cost $1, 566

Conparing these figures with those in Tables 6-4 and 6-5
shows that a biennial high-tech program even wth notorist
i nconveni ence costs included, is still nore cost-effective than a
weak, |lowtech programw t hout those costs consi dered.

7.0 REGULATCORY FLEXIBILITY ANALYSI S

7.1 Regulatory Flexibility Act Requirenents

The Regulatory Flexibility Act recognizes three Kkinds of
smal|l entities and defines themas foll ows:

e Small business - any business which is independently owned
and operated and not domnant in its field as defined by
Smal | Business Admnistration regul ati ons under Section 3 of
the Smal| Busi ness Act.

* Small organization - any not-for-profit enterprise that is
i ndependently owned and operated and not domnant in its
field (e.g., private hospitals and educational institutions).

* Small governnental jurisdiction - any government of a
district wth a population of Iess than 50, 000.

Small governnmental jurisdictions, as defined above, are
exenpted fromthe requirements of this regulation. There are no
private non-profit organizations involved in the operation of I/M
pr ogr ans. Consequently this analysis will be |limted to the
affects on certain small Dbusinesses, nanely providers of
i nspection and repair services and of inspection equiprent.

There is a significant inpact on small entities whenever the
following criteria are satisfied:

e Annual conpliance costs (annualized capital, oper ati ng,

reporting, etc.) increase total costs of production for small
entities for the rel evant process or product by nore than 5%
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 Conpliance costs as a percent of sales for snmall entities are
at least 10% higher than conpliance costs as a percent of
sales for large entities

» Capital costs of conpliance represent a significant portion
of capital available to small entities, considering internal
cash flow plus external financing capabilities

» The requirements of the regulation are likely to result in
closures of small entities

The enhanced |/M performance standard contained in the
proposed action includes new "high-tech" test procedures for newer
vehicles and enables states to obtain significantly higher
emssion reductions from their |/M prograns than they have
previously. This performance standard will affect different types
of businesses differently. Test providers will need to invest in
new equi pnent . Repair providers will be repairing nore vehicles
for nore types of inspection failures. The enhanced perfornmance
standard will also affect different types of inspection networks
differently.

7.1. 1 The Uni verse of Affected Entities

The Regulatory Hexibility Act's definition of "snall
busi ness" is based on the Snall Business Admnistration's (SBA)
definitions. These are listed in 13 CFR Part 121 by Standard
I ndustrial Code (SIC) categories. The types of businesses that
have either been licensed to perform inspections or have been
involved in I/Min sonme other way, such as by selling inspection
equi prent, and their SIC categories are listed in Table 7-1, al ong
with the size cutoffs used by SBA to define snall business for
each. Size cutoffs are defined either in terns of the nunber of
enpl oyees or gross annual revenue, expressed in mllions of
dol | ars.
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Table 7-1

Af f ect ed Busi nesses

SIC Descri ption Qut of f
5013 Autonotive Part and Supply Wol esal ers 100
(i.e., auto engine testing equipnent, enpl oyee
el ectrical) S
5511 Mot or Vehicl e Deal ers (New and Used) $11.5 M
5521 Mot or Vehicl e Deal ers (Used) $11.5 M
5531 Aut o and Horme Supply Stores $3.5 M
5541 Gasoline Service Stations $4.5 M
7531 Top and Body Repair Shops $3.5 M
7534 Tire Retreadi ng and Repair Shops $7.0 M
7535 Pai nt Shops $3.5 M
7538 CGeneral Autonotive Repair Shops $3.5 M
7539 Auto Repair, Not E sewhere dassified, $3.5 M

(e.g., radiator shops muffler shops,
transm ssi on shops, etc.)
7549 Aut onoti ve Services, Except Repair and $3.5
Car Washes (e.g., diagnostic centers,
i nspection centers, towng etc.)

<

Note that although all anal yzer manufacturers are "affected,”
the size cutoff of 100 enpl oyees prevents them from neeting the
definition of "small business."

7.2 Types of Econom c Inpacts of Concern

This analysis looks at the types of inpacts that inspection

and repair providers in existing prograns wll experience as a
result of the requirenments of EPA s rul emaking. Since the
requirenents for basic I/M prograns will renmain essentially the

same as the current I/Mrequirenents, significant inpacts are not
expected in these prograns. Hence, this analysis wll focus on
existing I/M prograns that wll have to becone enhanced. Thi s
anal ysis assunes that the enhanced program inplenmented wll a
hi gh-tech I/M program on the basis that this would represent a
"worst case" scenario (i.e., that with the greatest economc
i npact potential).

7.3 (Changes in Repair Activity

The repair industry in enhanced areas that currently have I/ M
prograns will enjoy a significant increase in repair revenues.
The repair industry consists of notor vehicle dealers (SICs 5511
and 5521), general autonotive repair shops (SIC 7538) and sone
gasol i ne service stations (SIC 5541).

7.3.1 Repair Activity in Qurrent |/ M Prograns

Rel i abl e data do not exist on the nunber of repair facilities
in I/M program areas that do |/M repairs. However, repair
revenues that accrue to the industry as a whole can be estinated
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usi ng vehicle popul ati on dat a. EPA estimates that there are 64
mllion vehicles in current I/Mprogramareas, 24 mllion of which
are in areas with centralized prograns.  these, an estinated 15
mllion are in areas that wll becone enhanced. There are an
estimated 40 mllion vehicles in decentralized prograns. 0]
these, about 33 mllion are in areas that nust inplenment enhanced
|/ M

Repair cost information is generally not collected by the
states except when a notorist applies for a waiver. However, as
described in Section 5.6, estimates of total repair costs can be
made using CEMA. 1. EPA estinmates that $392 nillion worth of
repair business would be generated by current I/Mprograns in the
year 2000 if these prograns continued unchanged, $302 mllion in
areas that will go enhanced. O this latter figure, an estinated
$89 mllion would be performed in areas that currently operate
centralized prograns and $213 mllion in areas with decentralized
progr ans.
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7.3.2 Repair Activity in Future I/ M Prograns

The transient test, with its superior ability to identify
excess emssions, is expected to generate nore repairs than the
steady-state tests, while the purge and pressure tests will enable
I/M prograns to identify excess evaporative emssions for the
first tine. Estimates using CEML. 1 indicate that an additiona
$100 mllion in annual repair business will be generated in areas
that currently operate centralized prograns, and an additional
$212 nillion in areas that currently operate decentralized
prograns as a result of the requirenents proposed in this action.
The additional emssion repairs identified by the transient test
are expected to generate an additional $41 mllion in areas that
currently have centralized prograns and $79 mllion in areas that
currently have decentralized prograns. The addition of purge and
pressure testing is expected to generate an additional $59 nillion
in areas that currently have centralized prograns, and $132
mllion in areas that currently have decentralized prograns. Thus
the repair industry in these areas is estimated to receive an
additional $312 nillion, and a total of $613 mllion annually as a
result of the proposed action, as summarized in Table 7-2.

Table 7-2

Repai r Expenses i n Enhanced |/ M Prograns

(mllions of dollars)

Centralized Decentralized Al Prograns

Qur r ent $89 $213 $302
Addi ti onal

Transi ent Repairs $41 $79 $120

Evapor ative Repairs $59 $132 $191

Total New $100 $211 $311

Tot al $189 $424 $613

The $311 mllion in extra repair expenditures is estimated to
conpri se about 40% parts cost and the remai nder for |abor, profit,
and overhead. The autonotive parts industry estinmates that 20, 000
jobs are created for every $1 billion spent on parts. Hence, the
additional parts demand ($125 mllion) wll create 750 jobs in
parts manufacturing as well as additional business for retailers
and distributors, and is likely to create nore jobs for clerks and
del i very enpl oyees. The remaining 60% is estimated to conprise
about 50% profit and overhead at the repair shop and 50% | abor.
Hence, mechanics will earn an additional $93 nillion over all
program areas. At an average pay rate of $25 per hour, this
translates into 1,800 full time equivalents (FTE) over all program
ar eas.

Firnms that pursue this repair business nay need to upgrade
repair technician skills and obtain additional diagnostic and
other equipnent to perform effective repairs on new technol ogy
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vehicles. Inspection stations in decentralized prograns, as well
as many repair shops in centralized prograns, possess em SSion
anal yzers. These will be useful in testing those vehicles still
subject to steady-state tests and may be used to di agnose vehicl es
failing the transient test and to assess repair success. BAR90O
anal yzers, in particular, are designed to function as a platform
for a variety of engine diagnostic functions and to downl oad CBD
fault codes.

7.4 (Changes in Emssion Testing Activity in I/M Areas

7.4.1 The Existing Market in GCentralized and Decentralized

Pr ogr ans

A nunber of different types of entities are involved in
providing inspections. The centralized prograns in the states of
New Jersey, Delaware, QOegon, and Indiana are operated by the
state, those in the cities of Menphis, Tennessee, and \Washi ngton,
D.C are operated by the local governnent. These prograns cover
approximately 6 mllion vehicles. Al of these prograns except

Gegon and Menphis wll be subject to the -enhanced [/M
requirenent. Therefore, 5 mllion vehicles in governnent operated
prograns will be covered by this requirenent. The remaining 18

mllion vehicles are in prograns operated by private contractors
(SIC 7549), of which 10 mllion vehicles are in areas covered by
the enhanced |/M requirenent. Bot h the governnent agencies, and
the private contractors exceed the cutoffs for small entities.

| nspection providers in decentralized prograns fall into all
SIC categories in Table 7-1 except 5013 - Autonotive Part and
Supply Wol esal ers. However, the prevalence of the different

categories anong |icensed inspection stations varies. The total
nunber of inspection stations in decentralized areas covered by
the enhanced I/Mrequirenent are listed in Table 7-3.
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Table 7-3

Nunber of Inspection Stations by State

State Stations
California 8, 752
Col or ado 1, 500
Ceorgi a 647
Houst on 1, 100
Loui si ana 140
Massachusetts 2, 800
Nevada 415
New Hanpshire 243
New Yor k 4, 300
Pennsyl vani a 3, 838
Rhode | sl and 950
Virginia 370
Tot al 25, 055

Data on the distribution of inspection stations anmong the
different categories are not collected by nost states, neither is
data on the nunber of stations that fall below the cutoffs for
small entities listed in Table 7-1. However, listings of
i nspection stations were obtained fromCalifornia and Pennsyl vani a
and stations were broken down into the follow ng categories:
Service Stations, gas stations that also performrepairs (5541);
Deal ershi ps (5511 and 5521); Independent Repair Shops (7538); Non-
Engine Repair Shops, such as tire shops, body shops, or
transm ssi on shops (7531, 7534, 7535, and 7539); Retailers (5531);
and Test-Only Stations (7549). The California data is based on an
anal ysis of the entire station popul ation. The Pennsyl vani a data
is based on an analysis of a 10% random sanple of |[icensed
stati ons.

Table 7-4

| nspection Stations by Category

California
Station Type Nunber Per cent age

Service Stations 2,183 27
Deal er shi ps 1, 361 17
| ndependent Repair Shops 3,272 41
Non- Engi ne Repair Shops 734 9
Retailers 276 3
Test-Only Stations 131 2
Tot al 7978
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Pennsyl vani a

Station Type Nunber Per cent age

Service Stations 124 36
Deal er shi ps 95 27
| ndependent Repair Shops 67 19
Non- Engi ne Repair Shops 46 13
Retailers 16 5
Test-Only Stations 0 0
Tot al 348

Information on the nunber of subject vehicles in each I/M
program and the inspection fee and the portion of the fee
returned to the state in each programis readily available. EPA

also gathers data on the nunber of |icensed stations in
decentralized prograns. Wth this information, inspection station
revenue in decentralized prograns can be estinated. These

estimates for prograns in enhanced |I/M areas are presented in
Tabl e 7-5.
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| nspection Stati on Vol unes and | ncones

Table 7-5

Vehi cles Vehicles State Net

Program Stations per Year /Station Fee Share Revenue
California 12 8, 752 6, 426, 636 734  $48.3913 $6.00 $31, 127
Col or ado 1, 500 1, 655, 897 1,104 $9.00 $1.50 $8, 279
Georgi a 647 1,118, 448 1,729 $10.00 $0.50 $16, 422
Houst on 14 1,100 1, 482, 349 1,348 $11.25 $3.50 $10, 444
Loui si ana 13 140 145, 175 1, 037 $10.00 $5.25 $4, 926
Massachusetts 2, 800 3, 700, 000 1,321 $15.00 $2.50 $16, 518
Nevada 415 523, 098 1, 260 $16.00 $3.00 $16, 386
New Hanpshire 243 137, 137 564 $14.00 $1.25 $7, 195
New York t 4, 300 4, 605, 158 1,071 $17.00 $1.25 $16, 868
Pennsyl vani a 3,838 3,202, 450 834 $8.48  $0. 48 $6, 675
Rhode | sl and 950 650, 000 684 $12. 00 - 0- $8, 211
Virginia 370 481, 305 1,301 $12.50 $1.10 $14, 829
Tot al 25055 24,127,653

Averages wei ghted 2,088* 2,010, 638* 963 $15.39 $3.35 $18, 914

by # of stations
* Sinple averages (i.e.,

The costs incurred by
Labor

nunber of factors.

non- wei ght ed)

(i.e., the anmount

of

I nspection stations are driven by a
tinme required to

performthe inspection and the inspector's hourly wage) appears to
be the | argest conponent of cost.

second |argest conponent.
| atest generation of

PG based (BAR9O0)
anal yzers used

Their cost can vary from $13,000 to $20, 000.
price appears to be approximately $15,000 each.

service station based prograns

in areas

enhanced |I/M are currently using BAR34 anal yzers.

approxi mately $5,000 each.

Many stations

prograns have paid off the cost of their anal yzers,
decreases their annual

12 BAR 90 anal yzers are used in these prograns.

84 except Houston, Louisiana, and Rhode I sl and.

13 This figure was supplied

Third Report to the Legislature (Decenber
per

reported an average

cost

to EPA by

the State

Al

1991),
i nspection of $36.23.

I nspecti on expenses.

The cost of the analyzer is the
anal yzers are the
in decentralized prograns.

The nobst comon

A nunber of

required to inplenent
These cost

in the older BARB4
which in turn

Anal yzer service

others currently use BAR

in Cctober
represents an estimate based upon data from cal endar

t he

year

of
1990.
I/M Review Committee
Thi s nunber

1991 and

In its

is based

upon a survey conducted in Septenber 1991, and includes only the cost of the
The resulting figure of

inspection (not the $6 fee for

$42.23 suggests that, at
charged to notorists nay have dipped slightly.

14 Qurrent I/Minspection is anti-tanpering only.

the certificate).
| east during Septenber

St ati on,

1991,

vehi cl e,

data may change with the addition of tail pi pe em ssions testing.
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contracts and calibration gas add |esser increments to the tota
cost .

Estimates were nmade of the typical costs incurred by
inspection stations, net profits were estinated and the results
presented in Table 7-6. Wi le large businesses nay be able to
afford to purchase current analyzer equipnment outright, the
smaller entities, with which this analysis is concerned, often

have to finance these purchases. Anal yzers are assuned to be
purchased and paid off over a five-year period at a 12% rate of
i nterest. Conversations wth program personnel in decentralized

prograns indicated that inspectors are paid about $15 per hour.
Overhead (enployers taxes, benefits, etc.) is assunmed to be 40%
for a total |abor cost of $21 per hour.

Sone cost factors are subject to regional variability. Local
data, as reported by state program officials and EPA Regional
offices, is used for such paraneters as nunber of vehicles per
station per year, average length of test, and cost of service
contracts. Labor and equi pnment costs are estinmated as described
previously. In prograns where the equi pnent specification is nore
than five years old, the analyzers are assuned to be paid off.
This, in turn, increases the stations' profits. The results are
listed in Table 7-6.

Table 7-6
Average I nspection Stati on Revenues, Costs, and Profits
Vehi cl es Net Annual

State /Station Fee Revenue Cost Net Profit
Californiall 734 $48.39 $31, 127 $11, 899 $19, 228
Col or ado 1,104 $9. 00 $8, 279 $5, 202 $3, 078
Ceorgi a 1, 729 $10. 00 $16, 422 $9, 320 $7, 102
Houst on 13 1, 348 $11. 25 $10, 444 $7, 075 $3, 369
Loui si ana 13 1, 037 $10. 00 $4, 926 $5, 444 ($518)
Massachusetts 15 1,321 $15. 00 $16, 518 $13, 498 $3, 020
Nevada 1, 260 $16. 00 $16, 386 $7, 681 $8, 705
New Hanpshire 564 $14. 00 $7, 195 $4, 257 $2, 938
New Yor k 11 1,071 $17. 00 $16, 868 $20, 268 ($3, 400)
Pennsyl vani a 14 834 $8. 50 $6, 675 $2, 811 $3, 864
Rhode |sl and 14 684 $12. 00 $8, 211 $2, 653 $5, 557
Virginia 1, 301 $13. 50 $14, 829 $5, 546 $9, 283
Aver age 963 $15. 39 $18, 914 $10, 818 $8, 096
Average wo CA 1, 086 $12. 39 $12, 357 $10, 238 $2, 120
Average wo CA & NY 1,091 $11. 93 $10, 741 $6, 645 $4, 097

This analysis revealed anonmalies in the California and New
York prograns relative to the others. California has a much

15 pue to the age of the state analyzer specification, analyzer costs are
assunmed to be paid off in stations in these prograns.
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hi gher average fee than the other prograns, and estinated average
profit is nearly twice that of the next highest program The
estimate for New York reflects an unusually long test duration
(see Table 7-11) and shows the average station operating at a
loss; this estinmate is supported by reports that station operators
have sued the state to be allowed to charge a higher fee.
Theref ore, average revenues and profits were also calculated with
data fromthose states omtted.

These figures, based on the average inspection volunmes for
each state, show that inspection services, by thenselves, do not
yield significant profit to the average inspection station. Wile
the average profit is low the anmount of revenue and profit can
vary a great deal anong inspection stations since inspection
volumes vary considerably as well. The best available data on
station volunes was obtained from the California program The
data covers a three nonth time period and is shown in Table 7-7.

Table 7-7

| nspection Volunmes in California

Test s Stations % Tot al % Acti ve
Stations
0 1, 958 22 NA
1-100 1, 156 13 17
101- 200 1,676 19 25
201- 300 1,178 13 17
301- 400 754 9 11
401- 500 469 5 7
501+ 1,571 18 23
Tot al 8, 752
Tot al 6, 794
Active

EPA anal yzed revenues and profits for inspection stations at
different volunes; the results are presented in Table 7-8.
Revenues, costs and profits are calculated as in Tables 7-5 and 7-
6. California has a narket-based inspection fee (i.e., stations
charge what the market wll bear, since the state does not
regulate the fee). Conversations wth California program
officials indicate that higher volunme stations charge |ower fees
than the average. The fees assuned for 1,200- and 2,000-
i nspecti on-per-year cases are based on figures suggested by the
state.
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Table 7-8

Station Revenues and Profits by Vol une

Veh/ Gr Veh/ Year Fee Net Revenue Annual Net Profit
Cost
0 0 $48.39 $0 $5, 474 ($5, 474)
100 400 $48. 39 $16, 956 $8, 974 $7, 982
300 1200 $42. 00 $43, 200 $15, 974 $27, 226
500 2000 $32. 00 $52, 000 $22, 974 $29, 026

These figures indicate that inspections can be profitable if
volume is high, however, relatively few stations have high
i nspection volunes. Based on the data in Table 7-7, 22% of the
licensed stations performno inspections and therefore are |o0sing
noney invested in equipnment, licensing, and training (only
equi pnrent costs are estinmated here). An additional 32% perform
800 inspections per year or less, and therefore appear to be
earning only a nodest level of profit. 22% perform from 800 to
1,600 inspections per year, and an additional 23% perform nore
than 1,600 inspections per year. Profitability is higher in these
|atter two categories.

7.4.2 Future Market in Enhanced |/ M Prograns
Test providers will be required to invest in new equipnent
for that portion of the subject vehicle fleet that wll undergo

transient, purge, and pressure testing. The total cost to re-
equip an existing inspection site to perform the new tests is
estimated at about $144, 000. EPA based this estimate on
conversations wth equipnent manufacturers over the past year;
nore recent information indicates that a lower figure is likely.

7.4.3 Centralized Prograns

As indicated in Section 5.0, throughput rates would be | ower
in centralized lanes performng transient, purge, and pressure
testing than in inspection lanes performng the current test
procedures. Since prograns will be able to switch from an annual
inspection frequency to biennial at the same tinme they inplenent
the high-tech tests, EPA does not anticipate that a significant
nunber of new inspection lanes wll need to be built in
centralized prograns in order to satisfy the proposed requirenents
and naintain waiting times at mninal |evels.
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7.4.4 Decentral i zed Prograns

Enhanced areas that currently have decentralized prograns
will have two options in nmeeting the requirenments of the proposed
action: they can institute either a nmulti-participant test-only
network, or a single operator centralized system

If a programwere to swtch to a multi-participant, test-only
system stations that currently participate in the test and repair
net wor k woul d have a choi ce between concentrating on inspections,
and becomng test-only stations, or concentrating on repairs.
That choice would likely be driven by the station's current
i nspection volunme and the degree to which its prospective income
is expected to be derived frominspection as opposed to repair and
other services. This analysis utilizes the sinplifying assunption
that stations that performa |arge vol une of inspections, and that
currently derive nore incone from inspection than fromrepair or
ot her services, would be likely to becone test-only stations. By
the sane reasoning, stations that are nore oriented toward repair
woul d focus on the additional repair business generated by the
i nspections conducted el sewhere.

Data correlating average inspection volune with station type
are not avail able. However, survey data of notorists in |I/M
prograns point to the fact that stations that currently focus on
repair work and that do a steady volune of repairs are often
unable to nake facilities available to provide inspections
pronptly on request 16, 27%of notorists in decentralized prograns
reported being asked to bring their vehicles back for testing
another time. 20% reported having to take their vehicles to nore
than one station to obtain a test. Nearly one out of three had to
| eave their vehicles for inspection. On the average, the vehicles
had to be left for five hours. These data suggest that a focus on
repair leads to reduced opportunities to perform inspections and
probably to | ower inspection volunmes as a result.

The converse appears also to be true. Stations that are
readily able to provide inspections are often either unable, or
sinply have not chosen to perform repairs. 53% of notorists

reported taking their vehicle to another station, other than the
one where the inspection was perforned, for repairs.

Based on the data from Pennsylvania and California, the
following distribution of station types is assunmed for this
anal ysi s:

16 "Attitudes and Qpinions Regarding Vehicle Enission Testing," Riter
Research. Septenber, 1991
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Table 7-9

Assuned Station D stributions

Station Type Per cent age
Service Stations 32
Deal er shi ps 22
| ndependent Repair Shops 30
Non- Engi ne Repair Shops 11
Retailers 4
Test Only Stations 1

Sone stations, such as deal erships and independent repair
shops, would be likely to concentrate on I/Mrepairs since their
busi ness already has a decided orientation toward engine repairs.
Toget her, these constitute 52% of the assuned station popul ation.
Because of their focus on repair, it is likely that these stations
tend to have |ower inspection volunes, as discussed above, and
sonre of them are likely to be among the 22% of stations that
report no testing activity. For the purposes of this analysis, it
is assuned that half of the inactive inspection stations are in
this repair-oriented group.

These repair-oriented stations will likely get the nmajority,
though not all, of the additional repair business estimated
previously at $211 nillion anmong all decentralized prograns. |f

these stations ultinmately get 85% of this business (allow ng for
15% of the repair stations to cone from other categories, mainly
service stations) it wll amount to annual revenues of roughly
$13,000 per year. This would offset inspection |osses of $10, 000
to $12,000 per year (Table 7-6).

The stations that have higher inspection volunmes than average
are likely to be deriving a substantial portion of their current
profit fromthe inspection business and relatively little or none
fromrepair. Based on the California data, it is assuned that the
23% of the stations that have inspection volumes of approxinately
200% of the program average or nore would be likely to opt to
becone test-only stations. Test-only stations, in those
decentral i zed prograns where they exist, would, of course, be in
this group.

Sonme stations in this high volune group may be repair-
oriented stations, such as deal ershi ps, independent repair shops,
and sonme service stations, and may prefer to opt out of the
i nspection business for nore profitable repair business. Thi s
woul d create opportunities for other businesses to enter the test-
only market, including stations whose current inspection volune is
somewhat | ower.

Qurrent repair revenues in decentralized enhanced prograns
are estimated at $213 nillion. If this 23% segnent of the
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stations had been getting 23% of this business (based on the
f oregoi ng di scussion, they have probably been getting |ess), then
they are giving up current annual revenues of $8,500 each in order
to pursue the inspection narket.

The remaining 2 5%that do not have a clear orientation toward
engine repair, and that do not perform a high volune of
inspections, are a mx of service stations, whose business is a
m x of gasoline sales and, in sone cases, engine repairs including
I/Mrepairs on sone portion of the vehicles they test; non-engine
repair shops, such as tire shops, muffler shops, transmssion
shops, etc.; and retailers. Mnbers of this group are assuned to
make up the other half of the 22% of stations that do no
i nspecti ons. These stations would not be adversely affected by
this rulemaking since they are currently deriving no incone from
t he inspection busi ness.

This leaves 14% of the population of |icensed inspection
stations that do not have a clear orientation toward engi ne repair
and derive sone incone frominspections. Since they are not high
vol unme stations, stations in this group do not derive high profits
from inspections on the average. Table 7-10 shows the projected
current revenues and profits for these stations assumng that they
are evenly distributed anmong the four low to medium groups in
Table 7-7 (those doing 1 to 400 inspections per quarter), assum ng
that all stations charge the average fee of $48.39. Note al so
that the nunbers of inspections in each category represent the
md-points of the ranges presented in Table 7-7. The col um
entitled "% Avg Profit" shows the estinmated profit for each
category as a percentage of the program average profit for
California in Table 7-6.

Aven that the average profit in California is al nost doubl e
that for the next nost profitable program the profits cal cul ated
based on California data were adjusted to reflect projected
national profits for stations with inspection vol unmes rangi ng from
about 25% to 200% of the average for the program The nati onal
average profits are based on the figure of $4,097 obtained as the
average net profit without data fromCalifornia and New YorKk.

Table 7-10

Revenues and Profits for Low and Medi um Vol une Stati ons

% Avg % Tot al Net Net % Profit Based
Veh/ Qr Vol . Stations Revenue Profit Avg.Profit on Nat'l Avg
50 27 3.36 $8, 478 $1, 254 6.5 $266
150 82 4.90 $25,434  $14,710 76.5 $3, 134
250 136 3.36 $42,390 $28, 166 146.0 $5, 982
350 191 2.38 $59, 346  $41, 622 216.0 $8, 849

The first two categories, representing 8%of the total nunber
of stations, appear to earn 77% of the program average profit or
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less. The two higher volune categories, representing roughly 6%
of the total station population, derive substantial profits from
the inspection business (these estinates are based on data from
California which has the nost profitable inspection program

profits in other states probably do not increase with increasing
test volune as steeply as this anal ysis suggests, while revenues,

on the other hand, do increase in direct proportion to volune).

Data on the relative contribution of inspection revenue, conpared
to other types of business are not avail able. Sonme of these
stations may be service stations that are currently doing a
profitable business in engine repairs, and would continue to do
so. Qhers, such as the 2.38% earning an estinmated 216% of the
average profit mght still opt into the test-only business where a
high volume station has opted out, as discussed previously.
G hers, such as the non-engine repair shops and the retail ers have
primary lines of business unrelated to I/ M

However, it may be that sone of those stations earning 200%
or nore of the average revenue woul d be unable to recoup this |oss
any other way, and would be forced to close. The average revenue
loss for these stations would be $37,828 nationally, and $21, 482
outside California and New York. It may also be that sone of the
stations in the Ilower profit categories are so nmarginally
profitable that l|oss of inspection business would result in
closure as well. If 10% of this group of stations wthout clear
|/Mrelated alternatives (14%of the total) were to close it would
amount to a total of roughly 350 stations nati onw de.

If a single contractor centralized programwere instituted in
an area where a decentralized programis currently operating, the
option to pursue the test-only business would not be available to
the 23% of the station population that would be likely to pursue
it. Based on the foregoing analysis, these stations have current
i nspection vol unes of 200% or nore of the program average, and may
have average profits of roughly 220% or nore of the program
aver age. Menbers of this group without profitable alternatives
woul d al so face the risk of closure.

The |ikelihood of closure would depend upon the fraction of
inconme derived frominspections. Data on this is not avail able.
Since many of these stations have other |ines of business, such as
gasoline sales, auto parts sales, or various types of vehicle
repair and servicing, the loss of business wll not necessarily
nmean cl osure. The fraction of these stations that woul d be unabl e
to recoup this loss and face closure is difficult to estinate
given the paucity of data. However, if, as before, 10% of these
stations were to close as a result of a switch to a single-
contractor centralized system as well as 10% of the 14% of
stations identified previously as being at risk, then 927 stations
mght close nationwide if all decentralized prograns in enhanced
|/Mareas switched to centralized, single-contractor systens. |If
the areas containing half of the current inspection stations were
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to switch to single-contractor, centralized systens, then
potential closures woul d nunber about 464.

The nost severely inpacted would be the test-only stations,
which in California conprise 2% of the test stations. @ ven that
they have no other lines of business to conpensate for the | oss of
i nspection revenue, these stations would al nost certainly close if
the area were to switch to a centralized, single-contractor
system unless these stations were able to win the contract (sone
of these businesses have indicated to EPA they they would try to
do so).

7.4.5 | npact on Jobs in Decentralized Prograns

Table 7-11 shows the nunber of inspectors in each program
and the average nunber of inspectors per station for al
decentral i zed enhanced prograns except Rhode Island, for which
data on the nunber of inspectors is unavail able. The nati onal
wei ghted average nunber of inspectors per station excludes the
hi ghest and |owest averages in the set, those from New York
(program officials in this state have indicated that the tota
nunber of l|icensed inspectors is likely to include individuals no
| onger working as inspectors) and Massachusetts.

Table 7-11

Nunbers of | nspectors per Station by State

State Stati ons | nspectors Aver age Ti me per
Test
California 8, 752 18, 000 2.06 25
Col or ado 1, 500 2,930 1.95 5
Ceorgi a 647 2,845 4. 40 10
Houst on 1,100 2, 645 2.40 15
Loui si ana 140 513 3. 66 15
Massachusetts 2, 800 1, 208 0.43 25
Nevada 415 1,249 3.01 10
New Hanpshire 243 933 3.84 5
New Yor k 4, 300 21, 640 5.03 40
Pennsyl vani a 3, 838 19, 221 5.01 3
Virginia 370 1,114 3.01 5

N
o
a

Nat i onal Wi ghted 20

Aver age

Average station volunes are low (Tables 7-5 and 7-6) - about
four per day. Gven that there are, on the average, two
inspectors per station, and that the average inspection takes
twenty mnutes to perform it follows that the average inspector
spends 40 mnutes per day performng inspections. This works out
to 0.08 of an FTE (i.e., inspections take about three hours and
twenty mnutes out of a forty-hour work week). Hence, inspectors
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are generally individuals enployed primarily for other jobs (in
nost cases as nechani cs) who spend a snmall anount of their tine on
i nspecti ons. Communi cations wth program officials in these
states and EPA' s experience in auditing these prograns support
this conclusion. Table 7-12 shows the estinmated total nunber of
FTE devoted to inspections in the different station categories
devel oped in this analysis, using the volune assunptions devel oped
previously.

Table 7-12

Esti mated | nspection FTE

Station Type % Nunber Test s/ Day FTE
Repair QOiented 52% 13, 029 3 1,612
| nspection Oiented 23% 5, 763 8 1,902
No | nspections 11% 2, 756 0 0
Remai nder 14% 3,508 4 579

Tot al 4,093

In nost cases, the time spent on inspections could be easily
re-oriented toward other tasks if inspection business were to
cease, however, sonme stations mght experience sone contractions
as a result of losing inspection business, and sone mght close,
as estimated previously. For the sake of analysis, all FTEs
currently devoted to inspections in decentralized enhanced
prograns, as shown in Table 7-12, are counted as |lost. Estinmates
are also nmade of additional FTEs lost as a result of potential
station cl osures.

If a decentralized test-only programwere instituted, it was
estimated that 10% of the 14% of stations that have sone
i nspection business, and are not clearly positioned to pursue
either the inspection or repair markets, mght potentially close.
Assumng that these stations have two FTEs in addition to
i nspector FTEs, total job |osses would amount to an additional 700
FTEs.

In the event of a switch to a single-contractor centralized
system 10% of the 23% of stations that would otherw se have
pursued the test-only option would also be at risk of closing
Potential closures are estimated to total 927. The average nunber
of non-inspection FTE per station in this case is assunmed to be
2.5 since sone larger stations would be included in the risk
group. In this case, |losses could total an additional 2,318 FTEs.

New jobs would be created by the test-only program and the
i ncreased repair business that woul d of fset these potential |osses
to the small business community and to | abor.

EPA estimates that in a high volune enhanced |/M | ane,
testing an average of 7.5 vehicles per hour, 3-4 inspectors would
be needed per lane instead of the 1-2 typically enployed in
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current high volume systens. Using an industry estinate of 267
FTE per mllion vehicles, and assumng a 20% retest rate, 5,340
FTEs are required to test the 33 mllion vehicles in currently
decentral i zed prograns on a biennial basis (this estimate i s based
on the assunptions and nethodol ogy developed in Section 5.2 of
this report, "Estinmated Cost of H gh-Tech I/M Testing").

In a decentralized test-only system volune would |ikely be
lower. This analysis estimates that 4,200 inspections per year
or about 16 per day would be likely. Therefore, two or three
i nspectors per |ane woul d be adequate. |If two inspectors per |ane
were enployed, 11,525 FTEs would be created if all current
decentral i zed areas adopted a decentralized test-only system

Additional jobs that would be created in the repair sector
were estimated previously in this analysis. Approxinmately 1,217
mechani ¢ FTEs, and 506 FTEs in auto parts manufacturing would be
created, in addition to clerical, delivery and other support
personnel. The results are sumarized in Table 7-13.

Sone new inspection facilities would be constructed whether
prograns adopted decentralized test-only networks or single
contractor networks, also creating jobs. FTE estinates are based
on an industry estinate that construction of an inspection station
requires 4.79 man-years of construction and 5.1 nan-years of
subcontracting. An average station is assuned to have 2.4 | anes.
The nunber of |anes required to inspect the fleet is based on the
assunptions of biennial inspections and a 20% retest rate. FTE
cal cul ations are based on the assunption that total effort, i.e.,
nodi fication of existing structures in those areas adopting
decentralized test-only prograns and construction of new
facilities in those areas adopting single-contractor prograns, is
equal to that needed to construct |anes for half of the vehicles
in decentralized enhanced areas. The results are summarized in
Tabl e 7-13.

Table 7-13

Summary of FTE Gains and Losses

(incurrently decentralized areas required to do enhanced I/ M

Losses # @i ns #
Qurrent |nspection FTE 4,093
Station O osures New | nspector FTE
Mil ti pl e | ndependent 700 Mil ti pl e | ndependent 11, 252
Cont r act or 2,318 Cont r act or 5, 340
New Repair FTE
Mechani ¢ 1, 217
Parts Manufacture 506
Constructi on 587
Net ain
Mil ti pl e |1 ndependent 8, 769
Cont r act or 1, 239
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7.4.6 Nati onal |npact on Jobs

EPA has estimated the total FTE in current | /M prograns and
the projected changes in FTE nationwde as a result of the
proposed changes. These are sumarized in Table 7-14. Note that
Tabl e 7-14 includes areas which will be starting enhanced or basic
prograns from scratch, while earlier tallies included only areas
al ready operating |/ M prograns.

Table 7-14

| npact on Jobs of I/M Proposa

Qurrent Test and Repair Jobs

FTE
| nspect or Jobs
Decentral i zed Prograns 6, 600
Centralized Prograns 2,500
Repai r Jobs
Decentral i zed Prograns 800
Centralized Prograns 1, 500
Total CQurrent Jobs 11, 400
Future Test and Repair Jobs
Enhanced 1/ M Pr ogr ans
| nspect or Jobs
Mil ti pl e I ndependent Supplier 10, 500
Singl e Contractor 2,700
| nspect or Job Subt ot al 2,700 - 10,500
Repai r Jobs 5, 500
Basi c |/ M Prograns
| nspect or Jobs 2,700
Repai r Jobs 700
Total Future Inspection and Repair Jobs 11,600 - 19,400
QG her Job Gains
Parts Manufacturing 1,034
Construction 1, 800
Smal | Busi ness Servi ces 800
Total Net Gain in Jobs 3,800 - 11, 600
Small Business Services are estimated by assumng 15

addi tional FTEs per urbanized area. The 800 FTEs presented in the
table represent the jobs generated in the 52 urbani zed areas that
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do not have I/M prograns now, but wll be inplenmenting them as a
result of the proposed action.

Wet her prograns adopt a decentralized test-only network or a
single-contractor centralized one there wll be shifts in job
opportunities with some net gain in either case. Hence, the shift
to high-tech enhanced I/M may cause significant shifts in both
busi ness and job opportunities. Snall businesses that currently
do both inspections and repairs in decentralized |I/Mprograns wl |
have to choose between the two. Significant new opportunities
will exist in these areas for snall businesses to continue to
partici pate. EPA believes there are ways states can help test
stations nmake the transition to an enhanced I/ M program

7.5 Mtigating the Inpact of Enhanced I/Mon Existing Stations

Three potential approaches to helping test stations nake the
transition are presented here. The first approach woul d provide
direct assistance to stations that mght be adversely affected by
the transition to a high-tech system The second would be to
desi gn the enhanced programto include transitional nechanisns to
soften the inpacts of the new system The third would be for
states to establish prograns to assist stations and inspectors
through retraining and retooling prograns. The previous section
di scussed various strategies to assist repair technicians in the
retest process, including free retests and priority access to
retest |anes, as well as diagnostic and repair assistance.

In some states that are currently decentralized and will have
to i npl emrent enhanced I/M anal yzers have been in use for 10 years
or nore and are fully anortized. |In states that upgraded to BARIO
equi pnrent (California and New York), the equi pnrent was purchased
since 1990, and has years of useful life left. A nunber of other
states upgraded their equipnent to BARB4 in the period from 1987
to 1990. Stations in these areas are likely to still be paying
for their equipment (see the footnote to Table 7-6). (One neans by
which the state could provide direct assistance to current test
stations would be to set up sonme type of state-supported anal yzer
buy-back program for stations that were no longer going to
participate in either the test or repair business, possibly using
funds obtained from inspection fees. BAR9O anal yzers woul d be
needed in the repair business both for diagnostic and repair work
as well as to check whether repairs on old technol ogy vehicles
were effective. BAR90 anal yzers could also be used to test ol der
technol ogy vehicles in test-only stations. This concept would
allow stations that were planning to |leave the |/M business to
recover all or part of their capital investnent for equi pnent that
could not be used for diagnostics and repair. Such a buy-back
programmaght allow a fairer transition to test-only status.

Arelated strategy woul d be for EPA the states, and industry
to support the devel opment of new and inproved uses for BAROO
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anal yzers so that current as well as future analyzer owners can
use this technology nore effectively in the repair process. In
particular, it was California's intent in devel oping the BARIO
specification for the conputer in the analyzer, which is an |IBM
386 DC&-based system to beconme a platform for vehicle diagnosis
and repair. EPA, the states, and industry could potentially
provide technical and financial support to speed the devel opnment
of such software. This would not only nake better use of the
equiprment in the field but would serve as an excellent mechani sm
for providing critical technical assistance and training to the
repair community.

A second strategy to mtigate the inpacts is to design
transitional features into the program One approach would be to
allow test and repair shops to continue to do testing on vehicles
not subject to the transient/purge test for sone transitional
period (note that EPA s recommended enhanced programwoul d require
biennial, transient/purge tests on 1984 and later nodel vyear
vehi cl es, and bi enni al steady-state tests on ol der vehicles). EPA
is proposing to permt a phase-out of the decentralized test-and-
repair portion of the program such that all vehicles would be
inspected in test-only stations starting January 1, 1996. Thi s
woul d allow these decentralized stations to continue to obtain
revenue to recover the investnent nmade in testing equi pnent and
would allow additional tinme to plan other strategies to replace
the inconme to be lost fromtesting.

A related approach is to allow vehicles that have failed
initial inspections in test-only stations to be retested in
existing test and repair stations using conventional test
techni ques during the first inspection cycle. This would allow
those stations to attract customers, conduct testing and perform
repairs, wth the added benefit of sparing the custonmer from
returning to the test-only station for the retest.

A third strategy would be to provide targeted assistance to
stations to assure they were able to provide high-tech repair
servi ces. This would require pre-program start-up training to
bring repair technicians in these stations up to speed on the
hi gh-tech tests, vehicle diagnosis, and engine repair. It mght
nmean tuition grants or other financial assistance. This dovetails
with stronger repair technician training prograns which EPA
envisions as being part of future I/Mrequirements, but differs in
terns of funding, timng, and intensity. This approach mght al so
include financial assistance to stations for the purchase of
equi pnment to perform sophisticated diagnosis and repair on new
technology vehicles or to upgrade tools and equipnent for nore
sophi sticated diagnosis and repair.

7.6 Public Comment

Two i ndependent anal yses of job inpacts were conducted by the
Coalition for Safer, Oeaner Vehicles (CSCV) and EPA's Ofice of
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Policy Planning and Evaluation (OPPE). Both projected an increase
in enploynent opportunities as a result of the inplenmentation of
enhanced |/ M The magnitude of the estimated increase varies
between the two studies and the estimates discussed above. The
CPPE study projects an increase of 1,300-1,400 FTE in the areas
that currently have decentralized test-and-repair prograns as a
result of the inplenentation of enhanced I/M while CSCV s study
projects an increase of 4,670 FTE in those areas, and a total
increase of 8,420 FTE in all enhanced areas. Hence, there is
general agreenent anong the parties that have tried to quantify
the overall enploynent inpacts of the proposal that enployment
opportunities wll increase, although the magnitude of the
proj ected increases vari es.

The National Autonobile Deal ers Association (NADA) submtted
comment questioning the conclusion that there wll be a net
increase in emssion control enploynent as a result of the
i npl enent ati on of enhanced I/M However, NADA offered no anal ysis
of its own on enploynment affects, nor did it critique EPAs
analysis in any detail.

Sone test-and-repair station owners comented that the
i nspection business generates $7,000 per nonth in revenues. This
figure appears to include repair revenues as well as inspection
revenues. The previous anal yses indicate that inspection revenues
average about $10,000 annual ly per station, or less than $1,000 a
nont h. These stations would still be able to pursue em ssion
repair business in a test-only program and there would be a
considerabl e increase in this business. Many of these commenters
appeared to be under the inpression that, in the event of a switch
to a test-only system they would be barred fromdoing repairs as
well as inspections. This is not the case.

The commrent was nmade that the profit nmargin on gasoline sales
is low and that service station deal ers depend on ancillary sales,
such as inspections and repairs. The foregoing anal ysis shows,
and independent analyses confirm that repair business wll
increase significantly with the inplenentation of enhanced |/ M
and that service stations with a strong orientation toward engi ne
repair wll have an opportunity to increase profits. EPA s
anal yses indicate that inspections do not generate large profits
for the average station, hence, the loss of this business wll not
necessarily result 1in significant |losses for other service
stations that do not have a strong orientation toward engine
repair.

The New Hanpshire Departnent of Environmental Services and
the Texas Autonobile Deal ers Association were both supportive of
the concept of buying back old test equipnent, but were concerned
about how such a program m ght be funded. New Hanpshire suggested
that EPA recommend a neans to fund such a program w thout
increasing the cost of emssion testing. States are encouraged to
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consider these neasures, but they are not nandated. A wde
variety of funding nechanisns besides a surcharge on the
i nspection fee could be found to fund such a program Wat neans
m ght be available and appropriate are likely to vary from state
to state.

Virtually all comenters supported allowng transitiona
mechani sns such as phase-in of test-only and high-tech testing,
and the final rule allows for these transitional mechanisns. No
specific comrents were received on the targeted re-training
assi stance concept, although the comments reflected overwhel mng
support for technician training in general.
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8.0 ON\BOARD DI AGNGSTI CS AND ON- ROAD TESTI NG

8.1 Onboard D agnostics, InterimProvisions

EPA is required to i ssue onboard diagnostic (OBD) regul ations
by My 15, 1992, while I/M prograns will begin OBD checks two
years after the regulation has been issued. (BD checks are not
currently a part of EPA' s perfornmance standard and no credit has
been assessed for such checks in the MBI LE4.1 nodel; such will be
determned after formal issuance of OBD regul ations. For the
purpose of this cost-benefit analysis, the inpact of OBD has not
been addressed. The inpact of CBD will be relatively mnor up
until the attainment deadline for serious areas, in Novenber 1999.
EPA will certainly revisit the issue once OBD regulations are
final and as their inplenentation clarifies the potential of this
strategy in an I/ Msetting.

8.2 On-road Testing, InterimProvisions

Section 182(c)(3)(B)(i) of the Act requires EPA to establish

a performance standard for enhanced |1/M "including on-road
emssion testing." The Act does not specify how prograns or EPA
are to address the "on-road testing" requirenent, and neither is
on-road testing defined within the Act itself. Wile potentially
a fruitful supplenmental testing strategy, it is clear from the
| egislative history of the 1990 Anendnents that on-road testing
was not viewed as a potential replacenent for I/Mprograns, as has
been suggested by sone. Under the section addressing enhanced |/ M
prograns, the |egislative history notes:

On-road emssion testing is to be a part of the emssion
testing system but is to be a conplenment to testing
otherwi se required since on-road testing is not intended
to replace such testing . On-road emssion testing nay
not be practical in every season or for every vehicle,
and is not required. However, it should play sonme role
in the state program It is the Commttee' s intention
that states should take into consideration that the
results of on-road em ssion testing, when used, have not
been shown to be consistent wth Federal emssion
testing procedures. [Enphasis added]

EPA has specified that on-road testing be defined as "the
measurenent of HC, GO NO x, and/or CO2 emssions on any road or
roadside in the nonattainment area or the I/M program" and that
it be required in enhanced prograns and an option for basic |I/M
ar eas. Mnimally, the on-road testing effort nust evaluate the
em ssion performance of at least 0.5% of the subject fleet each
year. EPA believes that the on-road testing requirenent can be
fulfilled by a range of approaches, including, but not imted to:
renote sensing devices (RSD), random road-side pull-overs using
tail pipe tests and emssion control device checks, or road-side
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pul | -overs of vehicles with high RSD readi ngs, as well as through
the use of portable analyzers that can be placed on the vehicle
prior to on-road driving.

O the above approaches, RSD has gained the nost public
attention and has generated considerable interest. The objective
of RSD is to renotely nmeasure the concentration of emssions from
vehicles as they are operated on public roads, and in this aim
RSD fully meets the definition of an on-road testing strategy. In
its current version, RSD works by focusing a beam or, in some
cases, multiple beans, of infrared light across the roadway into
an infrared detector. The concentration of certain pollutants in
t he exhaust stream are then determned by neasuring the anount of
infrared light absorbed at specific wavelengths as it passes
through the exhaust in much the sane way that astrononers study
stellar atnospheres by analyzing specific portions of a star's
spectrum The analysis is tied to a vehicle through the use of a
video camera which records the vehicle's license plate as it
passes through the bean(s).

A@ven its non-intrusive nature and potentially high
t hroughput capabilities, RSD warranted further investigation. EPA
has conducted a prelimnary analysis of RSD (see Appendix J,
"ldentifying Excess Emtters with a Renote Sensing Device: A
Prelimnary Analysis") that investigated the conparability of the
results obtained to those in the 2500 rpmiidle test. EPA found
that, under controlled conditions and using stringent cutpoints,
RSD s performance in measuring CO em ssions was conparable to the
2500 rpnildle test. Since then, other researchers, such as the
California Ar Resources Board (CARB), have found that the
accuracy of the device for neasuring HC emssions, while |ess
accurate than for GO is within a practical range for roadside
noni t ori ng. For exanple, CARB researchers recently reported to
the CARB I/M Review Conmttee 17 that the device, under highly
controll ed operating conditions, yielded results that conpared to
calibrated on-board neasurenents as follows: The renote sensors
accurately neasured OGO within + 5% and HC within + 15% of the
instrunented vehicle measurenents, respectively. EPA, however
knows of no current RSD net hodol ogy for detecting and neasuring
NOx em ssions, although devel opnmental work is being done in this
ar ea. EPA encourages the states to be innovative in fulfilling
the on-road testing requirenent.

There have been and continue to be a nunber of efforts in the
area of RSD evaluation, including those at the University of

17 D Lawson, J. Qunderson, "In-Use Emssion Study and Hgh Enitter Phase,"
Presentation to |I/M Review Commttee, Sacranmento, California, January 29,
1992.
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Denver, where the first RSD testing strategies were devel oped.
The bi bl i ography 18 of research in this area continues to grow.

Qurrently, it is difficult for EPA to project a standard
"emssion credit" for on-road testing for the purpose of

performance standard nodeling. Hence, for the purpose of this
cost-benefit analysis, the inpact of on-road testing is not
addr essed. Nonet hel ess, emssion reduction credits wll be

assessed for on-road testing efforts once additional experience is
gained in the actual use of various on-road testing strategies,
including RSD technology. Under EPA's current proposal, on-road
testing prograns required by the Act "shall provide infornation
about the emssion performance of in-use vehicles, by neasuring
on-road emssions through the use of renote sensing devices or
roadside pullovers including tailpipe emssion testing. The
programshal |l collect, analyze and report on-road testing data" as
part of the state's annual report to EPA EPA shall use this
data, in conjunction with data gathered as part of the Agency's
on-going investigation of these testing strategies, to develop
testing protocols and gui dance.

18 |n addition to the sources referenced in Appendix J, the follow ng works
have contribute to the body of information concerning RSD

1. DR Lawson, P.J. Qoblicki, et. al., "Emssions for In-use Mtor
Vehicles in Los Angeles: A Pilot Study of Rembte Sensing and the Inspection
and Mi ntenance Program™ Journal of the Air WAste Managenent Associ ation,
40(8): 1096 (1990)

2. RD Stevens and S H Cadle, "Renmote Sensing of Carbo n Nbnoxi de

Em ssions,” Journal of the Air Waste Management Association, 40(1):39 (1990)

3. GA Bishop, DH Stedman, et. al., "IR Long-Path Photometry, A Renote
Sensing Tool for Autonobile Em ssions,” Analytical Chemstry, 61, 671A-677A
(1989)

4. DH Stedman and G A Bishop, "Evaluation of a Rembte Sensor for Mbbile
Sources QO Enissions,"” Report to the Environnental Protection Agency, EPA-
600- $4- 90- 032.

5. DH Stedman, G A Bishop, et. al., - Rnad CO Renbte Sensing in the Los

Angeles Basin, Final Report on Contract No. A932-189, California Resources
Board, Research Division, Sacranento, 1991.

6. DH Stedman and G A Bi shop. An Analysis of On-Road Renbte Sensing as a

Tool for Autonobile Emissions Control , ILENR RE-AQ90/05, Final Report to
I1'linois Department of Energy and Natural Resources, Springfield, IL, 1990.
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9.0 ALTERNATI VE TESTS

9.1 Status of Aternative Exhaust Tests

In 1988, the State of Clifornia, Southwest Research
Institute, and Sierra Research, Inc. did devel opnental work on a
series of |oaded steady-state test nodes known as Acceleration
Simul ation Mdes or ASM. EPA was involved in reviewng the
results of the testing that California had undertaken at that
tine. The testing, based on 18 vehicles, found that two ASM nodes
- ASMb015 and ASMR525 (the first two digits refer to the |oad
factor while the second two refer to the speed of steady-state
operation) - had some potential for identifying vehicles with NO
problens related to exhaust gas recirculation (EGR) valve
mal functions (which had been induced in the vehicles tested). A
Society of Autonotive Engineers (SAE) paper (#891120) was issued
and the authors found that the tests did poorly on the
identification of HC and QO failures. The SAE paper concl uded
that retention of the idle and two-speed tests woul d be necessary
and that the prinmary benefit of the ASM was for NO x testing.

In early 1992, five |ow mleage 1992 nodel year vehicles with
induced failures were tested by ARCO using the ASMb015 and the
ASMP535. ARCO reported that the ASMbO15 test may identify excess
NOx emssions as well as effectively test for evaporative system
purge. ARQO suggested an equi pnent package consisting of a single
power absorption curve dynanoneter with no inertia simulation
capability, a raw exhaust, concentration-type em ssion analyzer,
and a mass flow nmeasuring device. ARCO did not specify a specific
flow measuring device and suggested that its testing indicates
that mass flow neasurenent nay not be essential since an
approximation can be nmade on the basis of engine size and
dynanoneter power absorption setting. This equi pnent may be
substantially |ess expensive than the transient test equipnent,
which could in turn lead to a nore cost-effective program if the
emssion reduction benefits of the test were found to be
conparabl e. However, ARCO suggested a nore conplete test program
woul d be necessary to assess the effectiveness of the procedure
and t he equi prment arrangenent ARCO suggests.

CARB has al so been testing the ASMb015 and the ASM2525 in a
| aboratory setting. At the tine of the proposal of this rule, EPA
expected that data fromthe CARB effort, along with data fromthe
FTP and other steady-state tests California was conducting in its
program would provide better insight into the effectiveness of
the ASM tests. Unfortunately, the data developed by California
turned out to be defective in that it was produced using incorrect
dynanoneter settings and the State has withdrawn the data fromthe
docket as a result.
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Envi ronnent Canada conducted |lab ASM and FTP testing on 40
Canadi an vehicles and forwarded the test results to EPA. Only 20
of the 40 vehicles are representative of the US fleet (since
1981) because Canada has had |ower standards in effect and
recruited vehicles fromthe older part of the fleet. The results
of this testing are discussed bel ow

Vancouver, British Colunbia began pilot testing of the
ASMb015 and the ASMR525 along with idle and 2500 rpm nodes in its
regular I/Mlanes early this sumrer - the first tinme this has been
attenpted in an I/M setting. Unfortunately, Vancouver's FTP |ab
was not in operation in tinme to do tests on any of the vehicles
that were run through the trial program Nevert hel ess, the
program has forwarded inportant information that contributes to
the di scussion of the ASM procedures. British Colunbia officials
found serious problens with the ASM015 and the Province decided
to drop the node fromits official test procedure. These findings
| eave serious questions about the viability and practicality of
the ASMb015 for actual I/MIlane use and are discussed in the next
secti on.

Regardl ess of less-than-inpressive prelimnary findings, EPA
is pursuing the devel opnment of emssion reduction credits for the
ASM tests and began performng ASM tests in Msa, Arizona on
Septenber 14, 1992 (although data from these tests were
unavail able for the analyses in this report). The test procedure
being wused in Arizona was discussed and agreed to by
representatives of ARCO the Society of Autonotive Vehicle
Em ssion Reducti ons, I nc. (SAVER - represented by Alen
Testproducts, Inc.), Sierra Research, and the California BAR The
procedure includes the ASMb015, the ASMR525, a 50-nph steady-state
node, and an idle test. In light of the experience in Vancouver,
EPA believes it is likely that a preconditioning node or inmmediate
opportunity for a second-chance test will be necessary to avoid
false failures on this test. EPA s testing programis designed to
address this possibility. This testing wll also help assess
whet her the ASMb015 is a practical test node for an I/M program
| ane. The test programin Arizona is simlar to that used for
eval uating the I M40, where vehicles comng to the station for a
regular I/Mtest are also given the test sequence under eval uation
and an | M240. Vehicles will be recruited for FTP testing at a
contractor lab. EPA also plans to evaluate the performance of the
test in ensuring adequate repairs. At this point, sufficient data
are not available to determne the em ssion reduction benefits for
this four-node test.

9.2 CQurrent Analysis of Available Data on ASM Tests

EPA has conpleted an analysis of the available ASM data,
using a database of 31 vehicles. The data were gathered from
prograns perforned by three different organizations: Environnment
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Canada1®, Sierra Research 20, and ARQO Products 2. As stated above,
EPA started performng ASMtests in Mesa, Arizona on Septenber 14,
1992, but these data were unavailable in tine for this analysis.
Detai | ed di scussions of this database and EPA's analysis followin

t he subsequent subsections of this report.

The snmall sanple, the lack of representativeness, and the
fact that these are laboratory data would normally lead EPA to

hesitate naking any coments wuntil additional information is
avail able. There is intense interest, however, in the ASMtests;
so, limted, prelimnary findings are included for the sake of

this report. As nentioned previously, EPA plans to have a nore
conplete analysis prepared by the end of the calendar year and
will be in a position at that tinme to say something nore
definitive about the ASM tests. Not only will nore EPA data be
avail abl e, but also data from Vancouver and Cali forni a.

In brief, the two-node ASM tests have been found to be
considerably less well correlated with the FTP than is the |IM40
under controlled |aboratory conditions, as evidenced by subjective
anal yses of the scatter plots (see Appendix M and objective
nmeasurenents using the standard error statistic. Testing at real-
world I/Mlanes will add considerably nore variability to both ASM
and |1 M40 tests because of conditions known to affect emssions
such as tenperature, humdity, and vehicle operating conditions
prior to the test. Variability on the ASM or IM40 test wll
cause a reduction in the quality of the correlation wth the FTP
test. For the [IM40, lane-to-FTP data is available and
denonstrates good correlation. The uncontrolled |ane variables
may add proportionally nore variability to a steady-state test
like the ASM but not enough data has been accunulated to confirm
this hypothesi s. It is possible, however, that the loss in
correlation due to increased variability associated w th actual
/M testing may be sonewhat offset for the ASM by adding two
additional nodes; a 50 nph steady-state node at road-I|oad
horsepower, and an idle node. O course, it is also possible that

19 Bal | antyne, Vera F. Draft, Steady State Testing Report and Data
Envi ronment Canada, August 28, 1992.

20 Austin, Thomas C., Sherwood, Larry, Devel opmrent of Inproved Loaded- Mbde

Test Procedures for Inspection and Maintenance Prograns , Sierra Research,
Inc. and California Bureau of Automotive Repair, SAE Paper No. 891120,
Government /I ndustry Meeting and Exposition, My 2-4, 1989.

21 Boekhaus Kenneth L., et al. Eval uati on of Enhanced | nspection

Techniques on State-of-the-Art Autonobiles . ARCO Products
Conpany Report, May 8, 1992.
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these additional nodes may contribute error-of-commssion problens
of their own. This four-node ASM procedure is currently being
performed by EPA as part of the Mesa, Arizona |I/M test program
and EPA |ooks forward to having a better database in the near
future. Ohce an adequate database is available, emssion
reduction credits can be assigned and official test procedures
est abl i shed.

A though not part of this analysis (due to a Ilack of FTP
testing capability at the time of the pilot progran) the
experience of the Vancouver pilot program provides sone very
telling information regarding the ASM tests. Vancouver, British
Col unbi a began official, mandatory testing in its /M program on
Septenber 1, 1992 after several nonths of pilot testing its four-
node test in the actual 1/M |anes. The Vancouver program was
designed to include the ASMb015 and the ASMR525 along with idle
and 2500 rpm nodes. This pilot programrepresents the first tine
ASM tests have been used in an actual |/M program setting.
Unfortunately, as previously nentioned, Vancouver's |lab was not in
operation in time to do FTP tests on any of the vehicles that were
run through the trial program

Problens with the ASMb015 reportedly becane apparent during
the pilot phase of the Vancouver programand, ultimately, the test
was dropped as an official test procedure. Information from
Vancouver indicates that the inspection contractor's drivers were
having great difficulty maintaining the 15 nph cruise within the
1.5 nph required for the ASMb015 (intuitively, driving a steady
15 nph agai nst substantial |oad on a dynanoneter with [ow inertia
would be difficult). It was reported that vehicles with small
engi nes produced excessive engine lugging and spark knock.
Drivers had difficulty selecting the snoothest-running gear on
vehicles with nmanual transm ssions. Vancouver al so experienced
problens with suspiciously high failure rates on the test. For
exanpl e, 1992 nodel year vehicles were failing at rates of 8%
according to data supplied by the Province using extrenely |oose
NOx em ssion standards. Wiile no FTPs could be done to verify
that nothing was wong with these vehicles, EPA s experience in
Hammond, Indiana showed no NO x failures among 1991 and/or 1992
nodel year vehicles. It is therefore likely that these were fal se
fail ures. Vancouver decided to drop the ASMb015 from the test
sequence and to add preconditioning for all vehicles.

British Colunbia officials also reported tha t false failures
were a problem across the board with the test procedure, probably
because all vehicles were not being preconditioned. Vancouver
added preconditioning to control the false failure problem At
this point Vancouver is running the ASM2525, along with the 2500
rpm and idle tests, and the FTP lab is now in operation. EPA
| ooks forward to additional information becomng available on this
three-node test procedure. The ASMR525 is very much like the
steady-state |oaded test that EPA approved for 1/M use in 1980.
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Like the idle and 2500 rpmtests, EPA believes this test has not
been very effective in identifying high-emtters and insuring
effective repair. The ASM2525 was also reported in SAE paper
#891120 to be less effective at identifying high NO x cars. So,
may be that the ASMR525 al one (or in conbination with the 2500 rpm
and idle) will not be sufficient.

9.3 Aternative Purge Tests

O the potential alternatives to EPA's recommended tests, the
one which has garnered the nost attention is the suggestion by
sonme that steady-state |oaded testing using a sinple non-inertial
dynanmoneter (or a dynanmoneter with sone snmall fixed inertia) can
be used to performthe purge check. EPA pursued transient testing
i nstead of steady-state because our best engineering and technica
j udgenent suggested that steady-state testing as a mechani sm for
conducting the purge check would lead to higher errors-of-
coommssion, and, ironically, higher overall costs per ton of
em ssion reductions produced because each error of conmm ssion
would lead to extra costs for attenpted repairs, retests, and
special admnistrative handling. If false failures are too
frequent, emssion reductions thenselves would be inperiled by
adverse public reaction and a skeptical and negligent attitude by
inspectors, admnistrators, and technicians. As expressed in the
draft of this report, the rationale behind the assunption that
hi gher errors-of-commssion rates would result is the fact that
purge strategies vary fromvehicle to vehicle, and the possibility
of developing a fewnode steady-state test that successfully
addresses this variety by catching each car in one of its purging
conditions is small to none. New analysis of test data supports
this rationale.

Figure L-1 in Appendix L depicts instantaneous purge data
during the 1M40 from the vehicles described in Table 9-1. A
vehi cl es passed the purge test. By conparing the top trace in the
figure, which represent vehicle speed during the 1M40, to the
i nstantaneous purge rates, it is clear that different vehicle
purge systens respond differently to the sane operating node.
Test vehicles 238 and 393 behave sonewhat simlarly in that the
purge is generally initiated during accelerations, and 1is
generally naintained during the reasonably steady-state portions
of the IM40 (i.e., between 60 seconds and witness line #3, and
bet ween 140 seconds and witness line #5). Vehicles represented by
these tests would would be expected to pass a steady-state purge
test rather easily. However, it is clear that the calibration of
the design in test vehicle 238 uses al nost double the purge flow
rate of the design in test vehicle 393.

In contrast to test vehicles 238 and 393, test vehicle 354
shows a greater degree of purge sensitivity to speed changes, and
turns off or reduces purge flow under sone conditions to a greater
extent than test vehicles 238 or 393. Test vehicle 118 appears to
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be extrenely sensitive to acceleration, and seens to act alnost in
an on-or-off node. It is particularly inportant to note that
during steady-state operation from about 70 seconds to w tness
line #3, the purge flow in test vehicle 118 drops to very |ow
| evel s. Simlar performance is also noted between 140 and 165
seconds for this test. Wiereas a vehicle with a purge design
simlar to test vehicle 354 would |ikely pass a steady-state test,
it would be nore difficult to nmake such a judgenent on vehicles
with a purge design simlar to test vehicle 118 - particularly if
the calibration of the design operating |like test vehicle 118 used
a lower flowrate during steady-state operation.
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Table 9-1

Pur ge Vehicl e Descriptions

Test Veh. # Mod Yr Make Model Purge Vol (1)
118 ' 87 N ssan Sentra 56. 2
236 ' 88 Ford Taur us 7.1
238 ' 86 Chev Spri nt 178.0
354 '91 Pl ym Accl aim 43.7
393 ' 87 Mts Tredi a 25.4
427 ' 88 Li nc Cont ' | 18. 4

The nost marked difference in purge design is apparent in
test vehicles 236 and 427. Neither test vehicle exhibits any
significant flow until well after 150 seconds. Prior to 150
seconds, test vehicle 236 exhibits a series of spikes wth
extrenely low flow typically at the end of an acceleration, and
the purge system appears to respond to the slight variations in
speed during the steady-state portions, but again with extrenely
low flow In the case of test vehicle 427, a purge delay or warm
up tinmer mght be assumed to be the cause for the delay of
significant purge flow However, this car shows practically zero
purge flow in the steady-state section between 140 to 165 seconds
after sonme purge flow is evident earlier. Even nore telling is
the fact that the engine size, engine famly, and evaporative
famly is the same between test vehicles 236 and 427. The only
difference is that the evaporative systens have different
calibrations.

The difference in these calibrations is highlighted in Figure
L-2 in Appendix L. Wereas Figure L-1 represented instantaneous
purge flow, Figure L-2 shows the accunul ati on of the instantaneous
rates over tine. For test vehicle 236 all of the little spikes
add up so that the vehicle exceeds the one liter cutpoint by about
70 seconds, and the total flow accumulated is around 7 liters. n
the other hand, test vehicle 427 does not exceed the cutpoint

until around 140 seconds, and accunulates over 18 liters.
Recogni zing that these cars were certified to a cycle simlar to
the 1M40, it 1is clear that the «calibration engineer nade

conscious trade-offs between timng of the flow and accunul at ed
volune over the cycle to nmeet the new certification standard.
Further, as an indication of different design philosophies, a
vehicle with only a marginal increase in accunulated flow (test
vehicle 393 in Figure L-2) over test vehicle 427 exceeds the purge
cutpoint in about 15 seconds on the I M240. Although vehicles that
require extended tinme to begin purging may represent a measurabl e
portion of the fleet (i.e., both sanples were Ford Mtor Conpany
vehicles), nost of the vehicles purge fairly quickly (i.e., in the
first 30 seconds) on the first acceleration of the [M40, and
therefore, extended purge vehicles should not significantly affect
average |1 M240 test tine when enploying fast purge al gorithns.
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Qearly, purge strategies vary substantially anong existing
vehicles. The degree of difference anong existing designs is such
that no one steady-state test could avoid falsely failing sone
vehicles. It mght be possible to add an acceleration node to a
steady-state test, but to insure proper test consistency, the base
inertia of all dynanometers used throughout the country woul d need
to be exactly the same, and a prescribed acceleration profile
would need to be maintained (probably with a video nonitor).
Adding these two quality control features would increase the cost
of the steady-state purge dynanmoneter, nmaking it conparable to the
| M40 dynanonet er. In addition, the acceleration test on the
st eady-state dynanoneter woul d | engthen the average test tine. In
any event, no data is available on any specific steady-state
acceleration test that would allow an inforned judgenent to be
nade.

Since EPA does not dictate design strategy, and because new
vehicles wll be required to neet additional evaporative
requirenents for certification, EPA cannot predict the purge
strategies that mght be used by vehicle manufacturers in the
future. The result of failing to address the full range of
current and future purge strategies in an I/Mprogramis easy to
predict: Cars that should pass will fail, l|leading to unnecessary
expense and hardship for notorists, with no environnental benefit.
Qearly, wusing the IM40 - which is simlar to the new car
certification test - is a prudent and conservative way to avoid
incorrectly failing cars that should pass. Gven the | ack of hard
test data on other possible approaches, EPA has no choice but to
proceed with the 1 M40 purge test as proposed for the purposes of
establ i shing the enhanced |/ M perfornance standar d.

Anot her purge test alternative has be en proposed which calls
for a variation not on the test cycle, but on the test procedure
itself. In EPA's proposed purge test, a flow neter is inserted
into the evaporative purge line between the canister and the
engi ne. Some have proposed use of an alternative, tracer gas
t echni que. This alternative purge test strategy uses the
concentration of the tracer gas neasured at sone point down-
stream and the known quantity supplied upstreamto determ ne the
dilution of the injected gas. From the dilution of the known
quantity, the flow can be determ ned.

In this proposed alternative procedure, the known quantity of
tracer gas (heliun) would be introduced into the gas tank through
the gasoline filler neck. The down-stream neasurenent woul d take
place in the exhaust stream after it enters the CVS Al t hough
this technique is intriguing and el egant, there are several issues
that need to be considered. First, what is the detectable limt
of the tracer gas detector? Depending on the particular purge
system after the tracer gas leaves the gas tank it has the
opportunity to be diluted to an unknown extent by the atnospheric
vent in the canister. During canister purging, the tracer gas is
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again diluted by the engine intake air. If the car has a
secondary air system the tracer gas gets diluted in the exhaust
system And finally, the entire exhaust is diluted upon entering

the CVS. In each of these dilution steps the degree of dilution
wll depend on the calibration of the entire emssion control
system As shown in Figure L-1, purge strategies can vary

significantly.

Adven the multiple dilutions that occur, naking a neasurenent
of purge volune conparable to the standard procedure (e.g., 1
l[iter £100% would seemto be difficult. Anmong other things, the
accuracy of the anount of tracer gas injected would need to be
very precise. Sone have suggested that any detection of the
tracer gas in the exhaust should be sufficient to indicate purge
flow At this point, EPA has no data to support this contention.
In either case, however, the detectable limt would need to be set
sufficiently low to avoid falsely failing vehicles with | ow purge
fl ow designs, such as test vehicle 236 in Figure L-2. It should
also be pointed out that under a tracer gas scenario, multiple
dilutions could increase the amount of tinme necessary to determ ne
fast pass for purge.

On the vehicle side, consideration needs to be given to the
amount of inert tracer gas introduced into the gas tank
Normal ly, there is a mxture of fuel and air in the gas tank, and
a fuel mxture or just air in the canister. The engi ne managenent
systemis designed to handle both. However, if the inert tracer
gas displaces a significant quantity of mxture or air, the inert
tracer gas behaves as additional EGR thus altering the engine
operation. As a result, tracer gas purge testing nay have to be
performed separately from exhaust emssion analysis for HC QO
and NOx, further |engthening the overall test tine.

The final consideration is background |evels of tra cer gas in
the test facility. Normally, background |evels of heliumare very
low. But, with the multiple dilutions in the system neasurenent
| evel s may approach background levels, particularly if the test
itself contributes to the background. This could occur after the
tracer gas is introduced into the system and the gas cap is re-
sealed, if during the driving cycle, the pressure in the fuel tank
i ncreases (because of tenperature increases), and the purge val ve
shuts off (see Figure L-1). In this case, the fuel-air mxture in
the fuel tank would flow to the canister, where the fuel would be
retained, and the air, including the tracer gas, would exit the
atmospheric vent in the canister. Ar flow fromthe cooling fan
would likely carry the tracer gas under the vehicle, and into the
mxing funnel for the CVS. In fact, there could be less dilution
from the canister vent to the CVS, than in the path through the
engine. In this scenario, the potential for passing a car with a
conpl etely inoperative purge val ve seens high.
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Two simlar alternatives have been suggested for the pressure
test. The pressure test as proposed involves locating the fuel
tank vent line at the canister, disconnecting it, and pressuri zing
the fuel tank though the vent Iine. After pressurization, the
amount of |eakage is determned by nonitoring the pressure drop
over two mnutes. |If the pressure drop is less than allowed, the
system passes. dven the intrusive nature of the test procedure,
commenters have expressed concerns about the ability of an
inspector to find the canister, whether there is physical access
to the canister, and potential damage that could occur during
renmoval and re-attachnent of the vent |ine.

Both alternatives to EPA' s proposed pressure test involve
pressurizing the gas tank through the filler neck with a specia
adapter. In one case, the helium used for an alternative purge
check woul d al so be used for the pressure check, and a probe woul d
sniff for helium around and under the car. A concern with this
alternative is that the degree of |eakage is not quantifiable.
Additionally, the helium nolecule is nuch smaller than diatomc
nitrogen (N2). Therefore, the size of the |leak detected by the
hel i um woul d be significantly snaller than than that detected by
N2. The fact that this alternative would not provide a

quantifiable neasure of the leak could lead to the inproper
identification of inconsequential leaks (i.e., false failures).
Furthernore, this procedure appears to require an operator to
manual | y probe around the cars to detect |eaks, thus reintroducing
the potential for human error in the test results and violating
the Cdean Ar Act's requirenent that testing procedures be
conput eri zed.

Anot her proposed alternative to EPA's pressure test procedure
also uses the filler neck as the avenue for pressurizing the

evaporative system However, this alternative uses diatomc
nitrogen, and nonitors the pressure drop over the specified time
interval . This system has sone apparent advantages, but upon
closer inspection, they are illusory. The first apparent

advantage is that by pressurizing the system through the filler
neck, the inspector does not need to locate the canister. This is
not true. To be able to pressurize the system with this
alternative the canister nust be located, and the vent Iline
pl ugged or pinched-off. |If the line is plugged, the vent Iine had
to be renoved, and so the system could just as easily be
pressurized fromthe vent line. |If the line is to be pinched-off,

there are several considerations. Typically, vise-grip ® type
pliers would be used. If the canister is difficult to get to in
the first place, there nay also be a problemin having sufficient
cl earance-roomto actuate the handles of the pliers. Secondly, if
the pliers do not conpletely close-off the vent line, this could

result in a false failure. |In addition, sonme systens use plastic
lines with rubber nipples at the ends (i.e., at the tank and at
the canister). Attenpting to pinch a plastic line could easily

crack it, and because plastic lines are generally not easily

- 124-



deformable, the seal would be questionable. Furthernore, the
outcone of the test is nore subject to operator influence (i.e.,
how good is the seal) than is EPA' s proposed test procedure.

Another issue to consider is that each lane wll need to
maintain a series of filler neck adaptors to accommodate various
cars. Sone have suggested that only 6 adaptors may be needed.
However, the inspector wll still need to make a judgenent in
sel ecting the proper adaptor for each car.

Finally, there is the question of the interface between the

gas cap seal and the vehicle's filler neck. Oh older cars,
particularly in northern climates, the filler neck can becone
corroded leaving a rough sealing surface. If the seal in the

mating gas cap is also weathered and non-conpliant, a leak in the
system can occur (leaks around the gas cap are a common cause for
pressure test failures). Such a leak would not |ikely be detected
when testing the conponents separately w th special adaptors. n
the filler neck side, the adaptor would generally have a new
conpliant seal that could conform to the corrosion pits in the
filler neck. And on the gas cap side, the non-conpliant seal
would nore likely seal on a snooth adaptor surface.

G all of the alternatives to the evaporative tests proposed
by EPA (i.e., the steady-state |oaded-node purge test, and the
tracer gas purge and pressure tests), the only one which appears
to warrant nore study is the pressure test which uses diatomc
nitrogen introduced through the filler neck. Nevertheless, EPAis
open to denonstrations by states or their representatives that
proposed alternative testing strategies are equal or superior to
EPA' s proposed tests in terns of identifying excess em ssions and
keeping false failures to a mni num

9.4 Aternative NO x Testing

Section 182(c)(3) of the Act requires that prograns in
enhanced |/ M areas achieve NO x reductions. EPA has found that NO x
emssion testing (as opposed to visual inspection of emssion
control devices) is essential for NO x emssion reductions.

Sonme have suggested that a heavier |oaded, steady-state test
(i.e., one using a heavier |oad than the EPA-approved steady-state
| oaded test currently being used in Arizona) is an adequate
alternative to transient emssion testing for NO x. In particular,
ARCO and ot hers have proposed that an ASMtest be allowed in lieu
of the I M40 exhaust test. As noted previously, the ASM concept
was first publicized in SAE paper #891120, by Austin and Sherwood,
and was intended primarily as a nethod to inprove the
effecti veness of no-load I/ M procedures by providing a nethod for
measuring NOx. Al so as previously noted, in 1992, the Province of

British Colunbia began a pilot program utilizing the ASM test
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prior to official inplenentation of an |I/M program in Vancouver
for HC, GO and NO x.

As it has currently evolved, the ASM concept involves
operating a car at lower vehicle speeds (15 or 25 nph) while
loading the vehicle at a fraction of the inertia |oad needed to

accel erate the vehicle at 3.3 nph/sec 2 plus the windage |oad at

the test speed. The 3.3 nph/sec 2 acceleration is the naxinmm
accel eration that occurs on the transient test used to certify new
cars. The ASM nodes are designated by the fraction of the | oad
and by the test speed (i.e., ASMb015 represents 50% of the inertia

load for a 3.3 nph/sec 2 acceleration at 15 nph). The SAE paper by
Austin and Sherwood concluded that the current 2500 rpnmildle test
was better than the ASM test in identifying HC and CO emtters,
and that the only benefit of the ASMtest was for NO x. Subsequent
data and comrents provided to the EPA support this earlier
concl usi on.

An issue with the ASM proposal arises from the requirenent
under Section 182(c)(3) of the Act that prograns in enhanced |/ M
areas nust achieve NO x benefits. A question EPA nust evaluate is
whet her the ASM adequately identifies high NO x emtters to the
extent that NO x benefits can be quantified, and whether the ASM
falsely fails low NO x emtters.

It is claimed that the ASM nore heavily |oads the vehicle
than other steady-state tests, and that this heavier |oading
results in the ability to test for NO x. The load for the ASMtest
is determned by dividing the inertia weight of the vehicle by a
const ant . A separate constant is used for each of the two ASM
nodes proposed (i.e., the ASMb015 and the ASM2525). Figure L-3
and Figure L-4 show the relationship of |oad versus speed for the
ASM the EPA steady-state |oaded test, and the IM40 for a 2,200
pound vehicle and a 3,000 pound vehicle. For a 2,200 pound
vehicle, which would likely have a 3 or 4 cylinder engine, the
ASM015 clearly would |load the vehicle nore than the EPA steady-
state | oaded test, and would require the vehicle to neet the | oad
at a |lower speed. The ASM2525 would also load the vehicle
somewhat higher, but at the sane speed. It is also clearly
evident that the 1 M40 | oads the vehicle nmuch greater than either
the ASMor EPA s steady-state | oaded test.

For a 3,000 pou nd vehicle (Figure L-4) which will |ikely have
a 6 to 8 cylinder engine, the ASMb015 load is only narginally
hi gher than the upper limt for the EPA steady-state |oaded test,
and the ASMR525 is effectively the sane as the Arizona load. As
wth the 2,200 pound car, the |IM40 Iloads the vehicle
significantly greater than either the ASM or the EPA steady-state
| oaded test.
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The load inposed on a vehicle is not the only factor in its
NOx production; also inportant are the rates at which the | oad and

speed change, and the NO x control strategy used for the vehicle.
The instantaneous second-by-second NO x emssion (gpn) data in

Figure L-5 helps identify which operations in the |1M40 cycle
produce NOx. Jdearly, all of the vehicles described in Table 9-2

produce NOx during acceleration. However, it is equally clear

that under steady-state conditions simlar to those encountered in
the ASM (i.e., segnents 1 and 2), NO x is particularly |ow In

nearly all cases the average NO x over these steady-state portions
is below a cutpoint of 2 gpm

It should be noted that the tinme interval for segnents is
around 10 to 15 seconds (which mght be a typical neasurenent
window for an ASM test) after the emssions from vehicle have
stabilized at the specified test speed.

Table 9-2
NOx Vehi cl e Descri pti on*

Test # Model Yr. Make Model HC (gpnm) QO (gpn) NX (gpm
238 '86 Chev Spri nt 1. 07 32.90 0.87
343 '86 Ford Escort 0.13 0.50 4.55
393 '87 Mts Tredi a 0.37 1.90 2.93
435 '86 Honda Accord 0.76 9.00 2.93
461 '88 Pont ad Am 0.16 4.10 1.64

*A'l gpm nunbers are | M240 measurenents

In reviewing the NO x perfornmance of the vehicle represented
by test 393 in segnment 1 and 2, it is difficult to distinguish
test 393 fromtests 238 or 461. |In fact, the accunul ated NO x over
segnent 1 for tests 238 and 461 clearly exceeds that in test 393.

It is less clear when naking this conparison in segnment 2.
However, the inportant point is that while test 393 produced
nearly 3 gpmof NO x over the I M40 cycle, both tests 238 and 461
were well below the 2 gpmcutpoint for the 1 M240 (the NO x Measured

for test 238 was 0.87 gpm for test 461, 1.64 gpn). In
reconciling the differences between test 393 and the two passing
tests in IM40 NO x emsSsions, it is obvious that heavy

accel erations were the major cause for the differences.

Another interesting conparison is that while the conplete
| M40 produced over 4.5 gpm NO x in test 343, the NO x performance

in segnents 1 and 2 would suggest that a steady-state test woul d
result in only around 2 gpm or less than half the NO x produced

during a full transient test. Here again, the heavy accel erations
contributed the nost NO x in this test.
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The fact that accelerations contribute the nost to NO

production should not conme as a surprise. QGanted, accelerations
require that the engine put out nore power than a steady cruise.

However, the response of the feedback control system and its
sensors can also have a significant effect. For instance, a slow
oxygen sensor that has recogni zed a deceleration with a resulting
decel eration | ean-out, mght not imedi ately recognize a follow ng
acceleration, resulting in a lean condition at the start of the
acceleration and higher-than-normal NO x em ssions. Such
condition would not be identified by a steady-state test |ike the
ASM because the vehicle would be operated at one speed |ong
enough for the sensor to catch-up, which would not be the case in
real -world driving. In other cases, the duration of the ASM
steady-state test would generally be sufficiently long for the
feedback feature in the emssion control nodule (ECM to "learn"

how to be clean. On the nechanical side, a partially plugged ECGR
passage could allow sufficient flow at the | ower speeds of the ASM
to pass the ASM cutpoint, but restrict the EQR fl ow necessary for

t he heavy accel eration at about second 160 in the | M40.

Based on the evidence, it appears that it would be unlikely
that a steady-state test <can fully ~characterize the NO

performance of in-use vehicles. Therefore, it would be difficult
for EPA to quantify the NO x reductions from such tests w thout

addi ti onal data.

Anot her issue that needs investigation is the possibility of
errors of commssion resulting from use of the ASM test. The
standards for the ASMbO15 proposed in the SAE paper by Austin and
Sherwood were concentration-based standards, and were based on a
2% error-of-coomssion rate relative to the FTP. The
concentration value (in ppm of the standard was determ ned by
dividing the inertia weight of the vehicle into the constant,

753x(10)3. In developing this equation, data from fifteen 1982
and later closed loop cars, along with 3 md- to |late-1970s open
| oop vehicles were used. Using this equation would result in a
concentration standard of 228 ppmfor a 3,000 pound vehicle (3,000
pounds curb wei ght plus 300 pounds).

Wen the Vancouver ASM study program began, constants of

3100x(10) 3 and 2650x(10) 3 were used for the ASM5015 and ASMR525,
respectively. These new equations resulted in concentration
standards of 939 ppm and 803 ppm These concentrations represent
nore than a four-fold increase over the original proposal.
However, after testing nore than 7,000 vehicles, the program
office determned that even these standards, when conbined wth
other failure nodes (e.g., HC and OGO would result in an
unaccept abl e overall failure rate - particularly since the program
office did not have its FTP | ab operational, and could not confirm
the NOx failures. Therefore, prior to inplenmenting the official

| /M program on Septenber 1, 1992, the program office revised the
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NOx standards, effectively setting a NO x cutpoint of 1000 ppm as
the mninmum standard for three-way catalyst equipped feed-back
cars. Using the 1000 ppm NO x standard, and the equation presented
in the SAE paper for estimating ASM concentration in gpm would
result in a NOx level of 9.55 gpmfor a 3,000 pound vehicle. Even
consi deri ng t hat t he SAE  conversion equat i on possi bly
overestimates NO x nass em ssions, the Vancouver NO x benefits are

likely to be small with a 1000 ppm cut poi nt.

In addition to revising the standards, the programoffice in
Vancouver dropped the ASMb015, and only retained the ASM525.
There were a variety of reasons for dropping the ASM015.
Anal yses of the Vancouver vehicles indicated little difference in
NOx failure rates between the ASMb015 and the ASMR525. Thi s

observation is contrary to the observation by Austin and Sherwood
that the ASMb015 was clearly superior to other ASM nodes in
finding high NOx emtters. A 1992 report by Boekhaus, Sullivan,
and Gang of ARCO also reached a simlar conclusion. Quite
possibly the high concentration standards used in the Vancouver
program account for the difference. Austin and Sherwood used NO X

concentration standards in the 200 ppm range, while ACRO used a
NOx standard of 0.7 gpm

However, even at the high standards used during the study
period (800 to 900 ppn), the Vancouver program office reported
that 9 of 112 (or 8% of 1992 nodel year cars tested during the
study failed for NO . Anecdotal information on calls from the

public and new car dealers to the program office comrenting that
not hing was apparently wong wth a relatively new vehicle which
failed NOyx, suggests that some of the late nodel NO x failures

could be false failures. Even one of the cars tested by ARCO a
1992 Chevrolet (on an ASMP535 node), would have been a false
failure, and would have failed the 1000 ppm Vancouver standard,
even though that car registered only 1.75 gpm on the IM40 (1.5
gpm on the FTP). The program office suggested that a possible
cause for the |ate nodel failures could have been due to extended
idling or engine shut-down in the test |anes. However, while a
simlar situation existed in the M40 lane (and at a 2 gpm | M240
standard) no recorded NO x failures for 1991 or 1992 nodel vyear

cars have been observed at this point in tine.

In addition to the recorded late nodel NO x failures in the
Vancouver study, the program office indicated that it was
sonetinmes difficult to stay within the 1.5 nph w ndow at 15 nph
with the ASMb015 | oad, although this is the sane tolerance that is
used in the Arizona |I/M program at higher vehicle speeds. Al so,
in sonme cases, vehicles with small engines produced excessive
engi ne lugging and spark knock which could disturb the public -
particularly if the inspector selected an incorrect gear for
testing wth manual transm ssions. Because of the suspected
vehicle cool down in the lane, the potential |ugging and pinging
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probl em and anecdotal evidence that sinply replicating the first
ASM node (whi ch happened to be the ASMb015) inproved the chances
of passing, the Vancouver program office elected to substitute a
precondi tioning node for the ASMb015 test node.

The second-by-second NO x traces in Figure L-5 clearly show
that the majority of the NO x is produced during accel eration, and
that NOx levels can be fairly |ow under steady-state conditions
for even dirty cars. Under such conditions it appears that it
would be difficult to discrimnate between dirty NO x cars and
clean ones. This perceived difficulty in discrimnation is likely
at the heart of the problens encountered in the Vancouver program
The evidence of false ASM NO x failures in the ARCO data (when
realistic cutpoints are applied) sinply serves to confirm this
hypot hesi s.

Based on this evidence, it appears unlikely that a steady-
state test can fully characterize the NO x performance of in-use
vehicles, and it would be inappropriate for EPA to consider
substituting the ASMfor the M40 at this time. Nevertheless, as
indicated earlier, EPA is open to denonstrations by states or
their representatives that proposed alternative testing strategies
are equal or superior to EPA's proposed tests in terns of
identifying excess emssions and keeping false failures to a
m ni num

9.5 Repair rade | M40 Testing

The argunent has been made that high-tech testing will have
limted success due to the fact that I/Mprograns will still need
to ensure successful repairs to net the emssion reduction
benefits of the program Ohe conplaint is that by separating
testing and repair, and introducing a costly test procedure, EPA
is making it inpossible for repair facilities to confirm the
effectiveness of their repairs, and, in effect, is requiring the
repair industry to performrepairs in the dark. One rationale for
trying to devel op cheaper alternative tests is, in fact, to fil
this diagnostic and confirmatory testing niche.

In response to this clear need, EPA is developing a n

i nexpensi ve repair-grade | M40 em ssion neasurenent system This
repair-grade systemis prinarily designed to aid the service and
repair industry in verifying repair of vehicles which have failed
an official 1M240 emssion test. This equi pnment is designed to
provi de an approxi mat e neasurenent of | M40 nass em ssions | evels.
By neasuring the vehicle's emssions before and after vehicle
repairs, the nechanic can determne the direction and approxi nmate
magni t ude of any changes in nmass em ssion |evels.

The current direction of the repair-grade systemis based on
a chassis dynanoneter with inertia weights, an exhaust dilution
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system a BAR90 analyzer, and an appropriate conputer and
sof t war e. The dynanmoneter will have a fixed inertia weight of
2,500 pounds with additional dynamc inertia provided by the power
absorber (if available, a function of speed and absorber type).
Because of installation concerns, only electric power absorbers
wll be evaluated. Two exhaust dilution systens are being
evaluated as part of this diagnostic system The first emssion
dilution system uses a 100 standard cubic feet per mnute (SCFM
critical flow venturi for a flow controller and the configuration
of the systemis simlar to a laboratory type unit. The second
emssion dilution systemuses a squirrel cage type blower and | ow
velocity air flow in order to reduce power requirenents. The
trade-off of the second systemis that while the air flow would
not be strictly constant, it would be assuned to be constant for
cal cul ation purposes, with sone error resulting. The estinated
costs for the individual conponents of this equi pnent system are
listed in Table 9-3.

Table 9-3
Estimated Costs for Repair-QGade | M40 Em ssi on System

| TEM New Equi pnent Retrofit
Dynanonet er $14, 000. 00 $14, 000. 00
386- based BARIO W extras $15, 000. 00 $3, 000. 00
CVS Vent uri $1, 800. 00 $1, 800. 00
CVS Bl ower and Mot or $2, 000. 00 $2, 000. 00
Squi rrel Cage Type Bl ower $500. 00 $500. 00
Tubi ng for di lution $600. 00 $600. 00
system
Total with CVS: $33, 400. 00 $21, 400. 00
Total W Squirrel Cage $30, 100. 00 $18, 100. 00
Type Bl ower :

Emssion analysis of the diluted sanple is perforned by
either a BAR84 or BAROO em ssion anal yzer. The em ssion anal yzer,
whi ch operates with either of the above dilution systens, sanples
and anal yzes the diluted flow and transmts the information to the
conput er. For the CVS system the conputer calculates the
i nstantaneous and average emssion values, using the flow
conditions, which are then stored in a file for later use. A a
m ni nrum an 80386-based |BMconpatible conputer is required to
perform the conputational and control functions for the equi pnent
system The squirrel cage system woul d not require instantaneous
flow neasurenents to be calculated, but would still require
em ssi on nmeasurenment conputations during the test cycle.

The dollar figures in Table 9-3 are based on start-up
nunbers; mass production of these itens is expected to
significantly |lower costs. For exanple, the individual cost of a
dynanoneter in a very large order, or for a market known to be
very large, mght be below $10, 000. The BARI0O estimates are
slightly higher than current street prices, but the high estinate
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is expected to cover the additional cost of special prograns and
driver cards for integrating the sanple, conputing the CVS flow,
interfacing with the dynanoneter, and providing a drivers' aid.
The cost to retrofit a BAROO unit, if a service facility already
has one in use, should be only about $3,000.00 (a savings of
approximately $12,000.00 on the estinmated new equi pment price)
G her costs (for exanple, the cost quoted for a squirrel cage
bl ower) are based on our purchase costs or prices obtained from
suppl y catal ogs such as WW Ganger. Because BAR grade anal yzers
currently nmeasure only HC and GO a NO x channel will need to be

added. CQurrently, a fuel-cell type NO x analyzer woul d add between

$2K and $6K to the system ($2200 for ESP, and $5900 for Alen),
al though this cost range is not reflected in the above esti nates.

Because of the interest in the ASM test, a conparison of
repair-grade equipnent costs based on the two tests has been

developed. In determning the price difference between equi pnent
for IM40 repairs and ASM repairs, it is assunmed that the ASM
equi prment will include the sanme analyzer as in the IM40 set-up

(i.e., a BAROO with NOx capabilities) and a dynanoneter, but woul d
not include a VS unit. The lack of a CVS unit woul d save bet ween
$1, 100 and $4,400. The dynanoreter woul d be sonewhat sinpler than
the IM240 which would have a base inertia of 2,000 pounds.
Conpensating for the lower base inertia in the ASM dynanoneter
m ght save $1, 000. Additionally, the ASM equi pnent would not
require as extensive a software upgrade in the BAROO as the | M40
equi prent, but would still require significant upgrades. The
sof tware savings may only be around $1, 000.

Conpiling the nunbers (using the values in Table 9-3), the
estinated price to upgrade an existing BARIO for repair-grade
analysis with NOx is between $20.3K and $27.3K  Subtracting the
savings in the previous paragraph for ASMwould result in a range
of estimates for the ASM repair equipnent between $17.2K and
$20. 9K. Thus, the reduction in price to upgrade BARIO repair
equi pnent for ASM as opposed to | M40 could be as | ow as $3, 100 or
a high as $6, 400.

If a BAR 90 anal yzer were not avail able for upgradi ng, addi ng
a BAROO wunit would increase the price about $12K  but the
increased price would apply equally to I M40 and ASM repair-grade
equi pnent . Adding a BARGO analyzer to the ASM upgrade price
estimate would result in a price range of $29,200 to $32,900.
This range conpares favorably with the price of around $30, 000 for
a BAROO (W o NX) with a dynanoneter (sonewhat conparable to that
which would be expected in ASM repair-grade equipnent) that is
currently marketed in limted quantity in Florida.
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