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The staff proposes that conpliance of production engi nes be
determ ned through the Cunmul ati ve Sum procedure used by ARB and
the U S. EPA for small off-road engines. This attachnent
descri bes the proposed procedure.

The Curmul ative Sum procedure replicates the statistical
foundation of the federal Selective Enforcenent Audit program
whil e providing greater opportunity for a quick decision, thus
m nim zing the manufacturer's possible testing burden,
particularly for those engine famlies that consistently nmeet the
em ssion standards by a w de margin.

The proposed procedure is identical to that which the Board
approved in March 1998 for 2000 and | ater nodel -year small off-
road engi nes. The maxi mum nunber of tests per engine famly per
year under the proposal would be thirty, but the programoffers
t he prospect of concluding testing earlier if the results are
consi stent and bel ow the em ssion standards; this should be
conpared to the current quality-audit prograns for other nobile
sources, which require testing one percent of production (other
of f-road categories) or two percent of production (on-road
categories). Overall, staff believes that the Cunul ative Sum
procedure will mnimze the testing burden on manufacturers, and
provi de greater consistency wth the U S. EPA

Descri ption:

The em ssion standards, exhaust sanpling and anal yti cal
procedures are those described in the Em ssion Standards and Test
Procedures for certification.

At the start of each quarter for the nodel year, the engine
manuf acturer woul d begin randomly sel ecting engines from each
engine famly at the end of the assenbly |line; the engines nust
be representative of the engine manufacturer's California sales.
The manufacturer would submt its procedure for randomy
sel ecting engines to the Executive Oficer prior to the start of
production for the first year of production.

Requi red Sanpl e Size Equati on: The nunber N indicates the
nunber of tests required for the nodel year for an engine famly.
For newy certified engine famlies, the manufacturer would
calculate the required sanple size for the nodel year according
to the equation below, after the first two engines are tested.
For carry-over engine famlies, the manufacturer woul d conbine
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the first test of the nodel year with the last test result from
t he previous nodel year and then calculate the required sanple
size, N, for the nodel year.

2

|t x0) |°
(x - STD)
Wher e:
N = requi red sanple size for the nodel year
tgs = 95% confi dence coefficient. It is dependent on
t he nunber of tests conpleted, n, as specified in
Table D-1. It defines one-tail, 95% confidence
i nterval s.
o = test sanple standard deviation calculated fromthe
foll ow ng equati on:
o - Z(Xi B X)2
n-1
and wher e:
X = em ssion test result for an individual engine
X = mean of em ssion test results of the sanple
STD = em ssion standard
n = The nunber of tests conpleted in an engine famly

A manufacturer would be required to distribute the testing
of the remai ni ng nunber of engines needed to neet the required
sanple size N, evenly throughout the remainder of the nodel year.
After each new test, N would be recal cul at ed usi ng updated sanpl e
means, sanple standard deviations and the appropriate 95%
confidence coefficient. A manufacturer would have to continue
testing and updating each engine famly's sanple size
calculations until a decision is made to stop testing or the
engine famly fails.

Regar dl ess of whether the conditions of sanple size have
been net, the engi ne manufacturer nust performa m ninumof two
(2) tests per engine famly per quarter of production. The
maxi mum requi red sanple size for an engine famly is thirty tests
per nodel year.



Attachment D

-3-
Table D1
Nunber of Tests (n) & 1-tail Confidence Coefficients (tg)
n t o n t o n t o
6. 31 12 1.80 22 1.72
2
3 2.92 13 1.78 23 1.72
4 2.35 14 1.77 24 1.71
5 2.13 15 1.76 25 1.71
6 2.02 16 1.75 26 1.71
7 1.94 17 1.75 27 1.71
8 1.90 18 1.74 28 1.70
9 1. 86 19 1.73 29 1.70
10 1.83 20 1.73 30 1.70
11 1.81 21 1.72 % 1.645

Cumul ative Sum Equati on:

A manuf acturer would al so construct

the followi ng Cunmul ati ve Sum equation for each regul ated

pol l utant for

Wher e:
C
C

-1

)(i

STD

F

After each test,

each engine famly.

C, = max[0 OR (C,, + X, - (STD + F))]

The current Cunul ative Sum statistic

The previous Cumul ative Sumstatistic. Prior to
any testing, the Cunul ative Sumstatistic = 0
(i.e. G =0)

The current em ssion test
engi ne

Em ssi on standard

0.25 x o

result for an individual

manuf acturers woul d update the Cumul ative
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Sum statistic, G, and conpare it to the action limt, H which is
the sanple standard deviation multiplied by five. Note that the
sanpl e standard devi ation (and hence, the action limt) would

al so be recal cul ated after each test. If G > Hfor two
consecutive tests, the engine famly would fail.

Al results fromthe previous quarters of the sane node
year woul d be included in the on-going analysis, provided that
the engine famly has not failed (e.g., if three engines of a
famly were tested in the first quarter, the first test of the
second quarter would be considered as the fourth test).



