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ADVISORY Cl RCULAR

DEPARTMENT OF TRANSPORTATION
Federal Aviation Administration
Washington, D.C.

FAR GUI DANCE BHTERTAL

Subject: TRANSPORT CATECORY Al RPLANES CABI N OZONE CONCENTRATIONS

1. PURPCSE. This advisory circular provides gui dance eoneerniihg acceptabl e neans,
but not the only neans, for an air carrier to denonstrate oohplliance with the

maxi mumper m ssi bl e cabi n ozone (03)) coneentratiiens est abl i shed by Section

121.578 of the Federal Aviation Regulations (FAR).

2. RELXTED FAR SECTIONS. This advisory circular is also related to Section
26.832.

3 RELATED READING MATERIAL. Additional information on ozone concentrations may be
found 1n the TolTow ng documents:

a. Federal Aviation Admnistration (FAA) docunents:

(1) Simul taneous Cabin and Ambienit Ozone Measurements on Two Boeing 747
Airplanes, Volume £ - Report Nunber FAA-EE-79-05 (NTIS Accessi on Nunber ADA 079 114))..

(2)) Guidelines For Flight Planning During Periods of H gh Ozone Cccurrence -
Repordt Nunber FAREEQ-78-T8 (NTIS Accession Nunber ADA 050 988))..

(3)) Effects of Ozone on Exercising and Sedentary Adult Men and Wnen
Representative of the Flight Attendant Popul ation - Report Number FAA-AQ-79-20
(NTI'S Accession Nunber ADA 080 045)..

(4)) Ozone Concentration By Latitude, Atitude, and Mnth, Near 80° kitest -
Report Nunber FAA-AEQ-77-13 (NTI S Accession Number ADA 046 956))..

Copies of these reports mybe purchased fromthe National Technical Infornation
Service; Springfield, Virginia2216L.

b Federal Aviation Adnministration Advisory Gircular 0052, Qzone Irritation
During Hgh Altitude Flight. Copies of this advisory circular may be obtained free
of charge-ftrom the U S. Department of Transportation; Publications Section k-443.1,,
Washi ngton, D.C. 20590..

Initiatedl by: 450»-260
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¢. National Aeronautics and Space Admi nistration Documents:

(1) Qzone Contamination in Aircraft Cabins - Report Number NASA CP-2066
(NTI'S Accession Nunber N 79-21021)).

(2)) Procedures for Estimating the Frequency of Cormmercial Airline
Flights Encountering Hgh Cabin Qzone Fields = Report Number NASA Tp-1560
(NTI'S Accessi on Nunber N 79-331771))..

Copi es of these reports may be obtained from the National Technical Information
Service; Springfield, Virginia 2216L.

d National Primary and Secondary Anmbient Air Quality Standards, Title 40,
Chapter |, Subchapter C, Part 50 - Environmental Protection Agency final rul emaking,
Federal Register, Volume 44, Nunber 28, Page 8202 - Thursday, February 8, 1979.

41 BACKGHMBIRD.

a. Natural ozone is formed primarily above the tropopause in the upper
atnosphere as a result of the action of ultraviolet light on oxygen noleculless. The
amount and distribution of natural ozone in the atnosphere varies with latitude,
altitude, season, and weather conditions. [See paragraph 3a(2)]] e hi ghest
concentrations in the northern hem sphere are generally found at high altitude over
high latitude |ocations during the wnter and spring.

b. Ln Late 1976, conpl aints were received from crreawambers on high altitude,
hi gh latitud®, |ong range flights which described disconforts such as eye
irritations, coughing, nose irritations and chest pains. Subsequent research
determned that sone of these synptonms could be attributed to ozone in the aircraft
cabin. Significant ozone eteesitmitiions were occasional |y measured in the cabin of
aircraft on high latitude, high altitude flights and research studies cordlucted i n
an altitude chanber denonstrated that significant ozone concentrations nmay produce
simlar synptons in some persons.

c. Part 121 of the FAR has been anended so that a certificate hol der may not
operate a transport category airplane above flight level 180 unless it has
successfully demonstrated to the Admnistrator that the concentration of ozone
inside the cabin will not exceed .25 parts per mllion by volunme, sea |evel
equivalent, at any tinme; and tine-weighted value of .i part per mllion by volune,
sea |evel equivalent, for schedul ed fli?ht segments of nore than 4 hours.

liizmee Wi th these requirenents should be shown by anal ysis and/or tests based
either on airplane operational procedures and performance limtations or the
certificate holder's operations. The analysis or tests must show either (1)) that
at nospheric ozone statistics indicate, with a statistical ashfildsee of at |east
84 percent, that at the altitudes and locations at which the airplane will be
operated that the permssible | evels of cabin ozone atsesitaitiens will not be
exceeded; or (2) that the airplane ventilation systems, including any ozone control
equi pment, will maintain the cabin ozone concentrations at or below the permssible
levels. Acceptable neans of conducting the required analysis or tests are discussed
in paragraph 5 of this advisory circular.
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d. it is expected that research into the physiological effects of ozone and
efft@cde methss for its omitrall will continue to provide a greater understanding
of its effects on persons and will increasingly provide more effective nethods to
elimnate excessive ozone quantities. Nevertheless, current technology is adequate
to elimnate excessive levels of ozone in aircraft cabins. Filters and catalytic
converters for reducing cabin ozone comcenttnationss are avail abl e whi ch can be
installed on affected aircraft types. However, several additional methods exi st
which may, in certain cases, maintain cabin ozone ooncentratiions at or bel owthe
maxi mum permissible levels. An air carrier may use any of the nethods contained in
this advisory circular if the analysis or tests conducted show that the method(s)
chosen are effective.

e. Since each of the various nmethods has certain beneficial aspects, one nethod
is not favored over any other. However, the FAA intends to amtict infllight spot
checks to ensure conpliance with the standards.

5. NEANS@HOWOMHEIANGEE .

a. Acceptable neans of demonstrating conpliance includes any one or a
conmbi nation of the follow ng:

(1) A statistical analysis which is based on acceptable atnospheric ozone
statistics, the types of aircraft flown, and the route structure used in the air
carrier's operation.

(2) A statistical analysis which is based on actual measurements of cabin
ozone concentrations for the types of aircraft operated and obtained over routes or
areas representative of the air carrier's route structure.

(3) Mdifications to the aircraft by an air carrier, under a Supplenenta
Type Certificate (SrC),, FAA Fbrm 337 approval, or an engineering order/authorization
to conply with a manufacturers approved service bulletin, which reduces the ozone
concentrations to acceptable levels in the aircraft cabins

(4) Mdifications to the aircraft by the manufacturer or design changes
whi ch reduce cabin ozone levels to acceptable |evels.

(5) Modifications to operational procedures, such as the use of a higher
stage bleed air or the use of recircul ati on anhtwdks, to reduce ozone to acceptable
| evel s.

(6)) Flight planning procedures to adjust the flight altitude and/or route of
flight to reduce cabin ozone to acceptable |evels.

b Exanples of the specific neans or amhbivedtiion of means whi ch may be used by

an air carrier to denonstrate opiplésee are discussed in detail in paragraphs 6, 7,
and 8 of this advisory circular.

Par 4
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6. STATISTICAL ANALYSI S.

a. If the carrier elects to use statistical analysis to denonstrate conpliance
the method used should demonstrate with a statistical confidence |evel of 84 percent
that the cabin ozone levels will be within acceptable limts

b  The ozone data base used in the analysis should include sufficient data to
denmonstrat e egmphianee Wi thin the area of operation on a nonth-teswrth basis. Any
statistical analysis should be based on acceptable atmospheric ozone statistics
actual inflighit measurements, or a oonhihatiiom of bot h.

c. Acceptable atnospheric ozone statistics are contained in the publications
|isted in paragraph 3a(2) and 3a(4)).. |f actual inflight measurenents are used, they
should provide a sufficient data base to establish the required statistica
confidence | evel and eontatin nonthly altitude, latitude and |ongitude resolution
el ements equivalent to those in Appendix A of the publication Iisted in paragraph
3a((2) for the type(s) of airplanes flown and the operations avadedtesi, Additionally,
actual infllight cabin ozone neasurenents shoul d be obtained with equipment which has
been periodically calibrated and maintained in accordance with approved
Environmental Protection Agency (EPA) procedures.

d. One of the elenments which should be consideted in a statistical analysis
based! em accept abl e anbi ent ozone statistics i s the ozone dissociation (destruction)
rate for the environnental control systeminstalled in a particular type of
airplane. This factor deternmines the percentage of the anbient ozone which is
ultimtely introduced into the cabin environnent. The ozone dissociation rate is
applied to the anbient ozone statistics to determine the cabin ozone statistics for
that flight altitude, time and |ocation.

e. Normally, the dissociation rate has been determ ned by simultaneous inflight
neasurenents of anbient and cabin ozone |evels. However, other nethods, such as
| aboratory measurements or an engineering analysis, may be used to establish the
di ssociation rate for a particular environnental econtrell systemif these nethods are
showm t 0 be accurate and reliable

~ L. In cases where the dissociation rate is unknown, a statistical analysis nay
stilll' be used to show conpliance. In this case, it my be necessary to assume that
the rate is zero and the cabin levels are equal to the anbient |evels.

g. Statistical analysis required by this advisory circular may be obtained from
poolls off data forned by cooperation between operators and manufacturers. Data to
determne the cabin anbient ozone dissociation (destruction) rate for the statis-
tical analysis approach of Appsrdiix 1 of this advisory circular may be accepted if
it cones fromother operators of the sane t%pe of aircraft with the sane cabin air
handiliing; systems, or 1S otherwise shown to be appropriate. Cabin ozone data from
these aircraft may also be accepted for denonstrating conpliance with the perms-
sible ozone level if the data are taken in the sanme geographic area.

h. Acceptable nmeans of conducting this statistical analysis are contained in
Appemdiix 1 of this advisory circular and the publication listed in paragraph 3¢(2)..
However, either of these methods should use acceptable ozone statistics (see
Appendi x 2)..

4 Par 6
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7. AIRCRAFT DESIGN CHANGES/MODIFICATIONS AND BOQUIPMENT INSTALLATION.

a. Design changes/nodifications ny be used to demmsétaite conpliance if
anal ysi s and/or tests show that these mettitexlis reduce the cabin ozone concentrations
to acceptable levels for each type of aircraft flown and each operation conducted
The tests, if required, nay be conducted in a laboratory, inflight, or a cofbivedtion
of both. A statistical analysis bdsall on acceptable ozone statistics ny al so be
used to denonstrate that the ozone dissociation rate for the device(s) installed
will reduce the cabin ozone to acceptable |evels.

b. Once the ozone dissociation rate has been established for a particular
dewvic®,. the potential maimonn cabin ozone concentration and the time-weighted
averages, if approptriiate, are determined by applying the dissociation rate to the
anmbi ent ozone concentrations contained in the statistical analysis. The disse
ciiatiiom r at e shoul d be hi gh enough t 0 demonstrate conpliance on a nibhblaHyy-mEntth
basis within the area of operation.

¢c. In any case, the air carrier should denonstrate to the Administrator that
t he design changes/ nodi fications and/or the equipment installed will reduce the
cabin ozone concentrations to acceptable levels in each type of aircraft used and
for each route flamm by its aircraft. The ozone dissociation equipnent, if
installed, should be included in the air carrier's approved maintenance program and
shoul d be inspected, repaired and/or replaced in accordance wth approved
procedures. The initial service life of the ozone dissociation equi pnent should be
establ i shed thraagh anal ysi s and tests.

d. Exanplles of a procedure for denonstrating conpliance after installation of
equiasit with a knowm ozone di ssociation rate are contained in Appendix 1 of this
advi sory circul ar.

81 OPERATI ONAL AND/ OR FLI GHT PLANNI NG PREEEDIRES .

a. If an air carrier chooses to adopt operational or flight planning procedures
to denonstrate conpliance, these procedures should be shown to reduce cabin ozone
concentrations to acceptable levels for each type of aircraft ssd and for each
route or area flown by these aircraft.

b. The required anal ysis and/or tests should use inflighit neasurements and/ or
stattiitdiesll data fromacceptabl e ozone statistics to show that the operationa
and/ or flight planning procedure to be asd will reduce the cabin ozone
concentrations to acceptable levels. The ozone dissociation (destruction) rate for
the environnental aohtmil systeminstalled in the particular type(s) of airplanes
used by the air carrier should be considered when conducting a statistical analysis.
This factor determnes the percentage of the anmbient ozone thich is ultimtely
introduced into the cabin environnent. If the dissociation rate is unknown, It may
be neccesary to assunme that the rate is zero and the cabin |evels are equal to the
anbi ent |evels.

c. In one nethod, the location of high ozone concentrations nolld be predieted

. and fli?ht planning procedures walld route the flight to reduce the cabin ozone to
acceptable levels. Sinmilar nmethods may be used to determine when operationa

procedures, such as usiihg hiyh stage bleed air, or sjixgrecirculation controls, are

Par 7 5
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necessary to dissociate sufficient .cuone to obtain conpliance. However, data from
infllight measurements are necessary to denonstrate that these procedures are
effective. This is due to the difficulty of reliably predicting ozone exreen—
trations at normal flight altitudes. Furthernore, these data should show that the
techniques used to predict ozone concentration levels for a particular flight
indicate that there is a statistical confidence level of 84 percent that the flight
wi || not exceed the perm ssi bl e maxi num concentratiiongs at any point allong the route
of flight.

d An alternate nethod would be to restrict the flight altitude on certain
flights or segnments of flights to achieve campliizese. Acceptable ozone statistics
shoul d be used to eonduet an anal ysis which shows that the flight altitude(s)
aut hori zed far a ﬁarticular route or area of operation will maintain the cabin ozone
concentration within acceptable limts. In som cases, these restrictions my be
necessary only during certain nonths. An exanple of such a statistical analysis to
denonstrate oomblire® i S oontaimed i n Appendix 1 of this advisory circul ar

e. In any case, sufficient data should be provided to show the Adm nistrator
that these procedures are reliable and effective in reducing cabin ozone to
accept?ble level s for each type of aircraft and each route or area flown by these
aircraft.

91 OPERATI ONAL APPRISHL.

a. The application for approval of the method(s) proposed by the air carrier to
reduce cabin ozone to acceptable levels should be submtted to the FAA certificate
hol ding office for review and approval at |east 30 days prior to using the propsed
nethod(s) in air carrier service. Thig application should contain any pertinent
airworthiness approvals, as well as the necessary supporting data, and the proposed
amendnments to the operations specifications

b  The supporting data should show that the nethod(s) to be used by the air
carrier wll" reduce cabin ozone abcesttadtiians t o acceptabl e | evels for each type of
aircraft used and each route or area flown by those aircraft. The operations
speci,fications should reflect any operational restrictions necessary-to achieve
conpﬁrance

c. |If the air carrier denonstrates that the method(s) to be used are effective
approval should be granted by anendnent to the operations specifications. Approva
in the operations specifications may be granted by area of operation, by individua
routes, or a combination of both. The approval should include the restrictions
(i.e., mximumflight altitude, operational procedures, aircraft dodifizatdmns)
necessary to achieve conpliance. The restrictions should be applicable to the types
of aircraft operated or types of operations conducted, or both.

100 REQUESTS FOR DEVI ATI ON Fi@h1 THE COMPLIIANCE PERIOD.

a. The FAA has determned that the 12-nenth period provided for air carriers to
conply with this rule is reasonabl e and adequéte. However, the new Section 121.578
allows a certificate holder to obtain an authorization to deviate from these
requirements by an anendment to its operations specifications, if it shows that due
to circunstances beyond its contrell or to unreasonabl e econom ¢ burden it cannot
conply for a specific period of time, and submits a plan acceptable to the

6 Par 8
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Nonbhbétedtwr t o ef fect conpliance to the extent possible. A deviation can be
authorized in circunstances such as equipment delivery delays or short-termuse of
aircraft, when the certificate holder shows that, through flight Blanning or other
neans, it attenpts to avoid areas of cabin ozone concentrations above the limts

given in the rule. L

b Any request for deviation should state the reasons why conpliance caxmm ve
denonstrated during thetimeperiod and Wty t hese factors are beyond the eontroll tof
the air carrier. Tke request shoul d al so contaiin a conpliance schedul e and a plan
to effect conpliance to the extent possible which are acceptable to the
Admi ni strator.

c. The request for deviation should be submitted to the FAA certificate-holding

office at |east 60 days before the conpliance date of February 20, 1981, stated in
Section 121.578 of the FAR

A

KENNETH S.. HUNT
Ditector of Fliightt Operatiioms

pPar 10 7
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Appendi x 1
APPENDI X Lo EXAMPLES OF STATI STI CAL ENMLWSES

11 PuRpedE. This appendi x contains il |ustrations of a nethod using statistical
anal ysi s to denonstrate compliance with maxi numand time-wei ghted average

perm ssi bl e cabin ozone concentratiions establi shed by Section 121.578 of the Federal
Aviation Regul ations (FAR).

2. EXPLANATION OF TERMSANDDYSHAIISH

a. OZMAX i s the perm ssibl e maxinunm ozone ansesttattion i nsi de an airpl ane
cabin as established by FAR Part 121 which nay mdf/exceed a val ue of 0.25 parts per
m | 1ion-by vol ume (ppmv), sea |evel equivalent (SE), at any point in tine.

b. OFWWA is the permssible time-weighted average (TWA) of the ozone
eoncettdtiiam i nsi de an airplane cabin over a flight segment as established by FAR
Par t &21 Wﬂi ch may ot exceed a val ue of 0.1 ppmy, SLE, for each flight segnent that
exceeds 4 hours.

¢. OZSLE i s ozone oconcentrattiiom i n ppmv referenced to standard emdditions of
25° Cand 760 m|linmeters of mercury pressure.

d (P/pJ)is the ratio of cabin pressure (B) to sea | evel pressure PQ.
This ratio 1S used to obtain the SLE ozone ooncentratiiom fromthe ozone ooncen-
tratiiom at altitude assunming the cabin tenperature is 250 C. GZSLE = (P/Pg)((@%)..
Sone representative values which can be used in operational calculations are:

For P of: P/ P&s:
5000 f eet 0.83
6000 f eet 0.80
7000 f eet 0.77
8000 f eet 0.74

NOTE: The use of standard P/P, tables can result in errors of up to 7 percent
duefto the use of tenperatures other than 250 C.

e. Ris the retention ratio of the anmbient (outside) ozone which enters the
ai rplane cabin after going through the air endiditimnimg systemand, in medt cases,
the engines. Normally, the retention ratiois from0.75 to 1.00 w thout cabin air
recirculation and can be as lowas 0.4 to 0.6 with cabin air recirculation.
However, the retention ratio for a particular aircraft may differ from these val ues
depending on the cabin air exchange rate, the interior surface to volume
relationship, and the amount of cabin air recirculated.

f Eis the efficiency of a filter or catalytic converter installed to renove a
portion of the anbient ozone before it enters the airplane cabin. For the purpose
of this appendix, the wowd "filter" is used to describe either type of device. An
airplane without a filter wokld have E = 0.

g. T8 is the flight time above 18,000 feet.
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hi Tg§ is the total flight segment time (block tine).

i. 0216 is the estimted anbi ent ozone etwesttmitiiom obtained fromstatistics
with a confidence |evel of 84 percent. As explained in Appendix 2 of this advisory
circular, preferable data for this purpose are the ozonesomde Statistics given in
Appendi x A of Report FAA-E®788633. Exanples of these data for February are
reproduced on pages 12 to 19 of this appendix. In using these data, it should be
remenbered that they are central values for five degrees latitude and 2000 f eet
al titude boxes.

3. Although there are many flight routes which are not specifically oovered by
the data on these pages, the data can be used to interpolate the ozone statistics
for any flight route. An exanple of this is shown in Figure 1 for the nonth of
February where 0216 val ues are presented for flight |evels 410, 390, and 370,. The
heavy dashed areas are the regions covered by the ozomesende data. The Japan and
western Europe data used in this exanple have been linearly interpolated to obtain
resol ution increments of five degrees simlar to those used in the easternand
western North Anerican regions. (For 30N, the Japan ozone data have been set to
one-hal f the value at 32N since a linear interpolation gives negative values).

LHere data exist at a cdmem |atitude, they have been |inearly interpolated to
deternine the values for the Pacific and Atlantic areas and are shown in the l'i ghter
dashed regions. For |atitudes where there are # Japan or western Europe data, the
appropriate North Anmerican data should be used. The followi ng exanples of this
procedure to determ ne 0216 valuesfor flight |evel 410 are given:

Longi t ude Latitude 0216 bt ai ned From Extension of the
160 E 65 N 1. Zppov western North Anerican data
160 E 70 N 1. Arboaw eastern North American data
40 w 65 N LI Yy eastern North Anmerican data
40 w 70 N 103ppmv eastern North Anmerican data

For the southern hem sphere, the data can be (1) obtained froma mrror imge of the
northern hem sphere data with a 6-month seasonal shift. For exanple, ozone data for
Janaury at 45 S, 80 Wwailld be obtained fromthe July ozone data at 45 N, 80 &7; or
(2) calculated by averaging the northern hem sphere data over all longitudes at a
given north latitude and using the resulting value for the same south |atitude,
again with a 6-month seasonal shift.

3. DISSCUESSION. In this appendix, the ozone statistics are used in 3 types of
exanpl es.

s’lgm Direct determnation if a flight eomplies with either the maxinmum
or IWA cabin Ozone concentrations established by FAR Part 121.

b. g@eﬁ% Determnation of the filter efficiency (E) required for a
particular TTTght to conply with the cabin ozone apsesmttraitions established by FAR
Part 121.
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¢. T-Deéesmirat ion of the maxinumflight altitude an airplane ewuld fly
given a geographical region, latitude and time of year and still anply with the

cabin ozone concentrations established by FAR Part 121.

4. EXAMPLES - MAXI MUM CABIN CZONE CONCENTRATI ON (0.25 ppnw,, SLE).. The maxi mum

cabiin concentration using ozone statistics should be determned at each point along
the route of flight and is given by:

OZMAX = (1-E)(Oz1%) B PPPB)) (Equation 1))

In all exanples, the value for Ris 0.8 and the value for (P/B)) is 0.77 (a
cabin altitude of 7,000 feet). Equation 1 then beatmess:

OZMAX = (0.8)(0.77) (1-E)(Cz1&)

= (0.62)(1-E)) @154) (Equation 2)
a. = Wplett 0 determine if any point along a flight route is in
conpl i ance with the maxi mum cabin ozone concentratiiom (0.25 1, SLE).. Fromthe

ozonesandie Statistics on Page 16 of this appendi x (Page A-15 of the ozonesomde
statistics) look up 0216 using the follow ng exanple information:

Regi on: eastern North &netica
Mont h: February

Fllight | evel : 370

(1) Case 1. Latiitoude: 50° North

Page 16 of this appendix (Page A-15 of the ozonesomdl Statistics) gives 0216 =
0.50 ppmw.

Therefore (assuming E =0, or no filter):
Qo = (0.62)(0..30) = 0.31 ppnw

TH S PO NT AMNG THE FLI GHT ROUTE WKOLD NOT HAVE DEMONSTRATED COMPLI ANCE W TH THE
MAXI MUM CABI N OZONE coNcenTRATION ESTABLI SHED BY FAR PART 121.

(2) Case 2. Latitude: 40° North

Page 17 of this appendiix (Page A-1& of the ozonesomde Statistics) gives 0216 =
0.40 ppw.

Therefore (assunming E =0, or no filter):
omMax = (0.62)(0.41) = 0.25 ppnv.

TH' S PO NT ALDNG THE FLIGHT WOTEE WAULD HAVE DEMONSTRATED CWEPILIANCE W TH THE
MAXI MUM GZONE CONCENTRATI ON ESTABLI SHED BY FAR PART 121.
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b. Tygee2@ Exanple to deternmine the filter efficiency required to show
compiance ai a pint along the flight route with the maxi num cabin ozone
concentration. Equation 2 can be rewitten to determine E, the filter efficiency:

E=1 _'-OZMAX ]
(0.62) (0216) | ‘ (Equat i on-3))
For OZMAX = 0.25 ppaw, Bquation 3 becones:
E =1 -|(0.25) ]
- [(0.62) (0z16)
g =1 -[(0.40)
(0216) (Equation 4))
(1)) Case 1. Latitude: 50® North
0216 0.50 pyany

E =1 -](0.40)
(0.50)
1 - (0.80) = 0.20 = 20%

| NSTALLATI ON OF A FI LTER WH CH REMOVED 20 PERCEXNT OF THE OZONE Eirnfrran® TiHEC &3 iN
WOULD ENABLE TH' S PO NT MBIG THE FLI GHT ROUTE 20 SHOW CDMPLIANCE W TH THE MAXI MUM

CABI N OZQIE COKEENTRATIION ESTABLI SHED BY FAR BA&T 121.
(2) Case 2. Latitude: 450 Nort h

NO FI LTER REQUI RED PR THI S BAMT ADONG TNB FLI GHT RDUTE AS COVPLI ANCE W TH THE
MAXI MUM CABI N GZONE CONCENTRATI ON ESTABLI SHED BY FAR PRRI121 WAS SidiN DURI NG

EXAVPLE ik 1, CASE 2.

(3) Variation of Type 2. The filter efficiency required for an airplane to
show conplliance W Th {he reckimum cabin ozone concentration for a point along any
flight route can be determned using the methed of the Type 2 exami@®e. Fbr a wost
case analysis, the follow ng assmbtiss are made:

B/By, = 0.74 (Cabin Altitude of 8,000 feet — naxi num pressure differential of
8.9 pounds per square inch at 45,000 feet)

R= 1.0 (A11 anbi ent ozone enters the airplane cabin)
At flight |evel 450 the magiimgm ozone concentration at an 84 percent confidence
| evel the ozone statistics %mmagl?rm 3(@)2, Appendiix A[] i s found to be 1.8 ppmv
during February at 80° naotth latit inthe eastern North Ametican region. This is
showa on page 15 of this appendi x.

Equation 1 can be witten as:

E=I1 - |nMaR 1
(0Z116) (R} (BB
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I. Appendi x 1
-1 -|0.25
|_(1.3)(1.0)(o.74)]

=1-0.19 = 0.81 = 81%

| NSTALLATI ON OF A FILTEX WH CH REMOVED 81 PERCENT OF THE OZONE ENTERING THE CABIN
WEIDDENRARE. AN NATRREANENES- SHI\COMPAROR! WIHHHEERAMNMIMC.AE3IN/6ZONE
CIRSIRNYATION ESTABL| SHEDBY FARPARRT 121 UMMEBRRTHHEWONSTOASIE CONDITIONS ( ANY RomT

ALCOOIEWN Y EIGHTSRIUTE ) -

c. Type 3 -~ Exanple to determne the maxinumflight altitude allowed to show
can@diake= at a point along a flight nute with the maxi num cabin ozone
concentration. Bpadtiom 2 can be rewitten to detern ne 0216, the anbi ent ozone
concentration derived from statistics with a confidence of 84 percent.

oz16 =[OZMAX ] (Equation 5))
(0.62) (1-E)

For OzMaX = 0.25 ppmw and H8 filter E = 0, Bquation 5 becones:

0216 = Z%
(0.

= 0.40 ppnv
(1) Case 1. Latitude: 50®° North

For this case, page 16 of-this appendi x (Page A-15 of the ozonesonde statistics)
shows the 0216 val ue of 0.40 ppmw occurs for flight level 34@. (This value is
determ ned by straight |ine interpolation between the OZ16 val ues of 0.35 ppmw and
0.45 ppaw occurring at flight |evel s 330 and 350, respectively. The use of straight
line interpolation is petnissiiblle where appropriate.)

TH S PO NT AUSIG TE FLI GHT WOULD HAVE 20 BE FLONN AT OR BEKOW 34,000 FEET 70 SiiM
COWPLI ANCE W TH THE mrxxuwiCABI N GZGRIE CONCEVIRATIION ESTABLISHED BY FAR PART 121.

(2) Case 2. Latitude: 40° North

For this case, page 17 of this appendi x (page A-16 of the ozonesonde statiisitiicsy)
shows the 0216 val ue of 0.40 ppmw occurs for flight |evel 370.

TH S FOARNT ALONG THE FLI GHT &tD HAVE TQ BE mecwm AT OR BiEElOW 37,00 FEET To S
COVMBILAAICE W TH THE MAXI MUM CABI N OZasiE CONCENTRATI ON ESTSRIISHED BY FAR PRRIM121.

d. Variation of Type 3. The exanple shown for Type 3 can be extended to show
corplliiance with { he magtimum cabi n ozone concentration established by FAR Part 121 at
any latitude for any nonth of the year. o exanple of such a determnation is
shown in Figure 2 for an airplane flying in eastern North Arerica with R = 0.8,

E= 0, and a cabin altitude of 7,000 feet (which, |ike the Type 3 exanple, gives a
required OZ16 of 0.40 ppnw))..
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5. Exanplles - Ti nme- Wi ght ed Aver age (TRA) Cabin Ozone Concentration (.1 ppmv, SLE)..
% determne the TWA cabin ozone concentration} the OZ16 val ues are used te ensure
that the ozone statistics are known with an 84 percent confidence value for any one
flight (the 50 percent val ue wolld only give a confidence val ue of 50 percent that a
flight wodld meet the required ozone concentration standard).:

a. The TWA cabin ozone concentration using ozone statistics is givenby
Equation 6 which 1s simlar eEquation 1 with time-weighted 0216 values for flight
segmants at constant |atitude and altitude in the same geographic area.

N
0216 = (1-B) ®) (B/By) [Ea (@F16)i ?ﬁ/‘tﬁs]l(ﬁquatﬁm 8))

WeERE: N is the nunber of individual flight segnents at a constant |atitude and
altitude in the same geographical area; T; is the flight segment, above flight
level 18D, at a constant latitude and altitude in the same geographic area.

N
NOTE= o5 =
i=0

- (@EZL6)i; i s the anbient ozone concentration obtained fromthe ozone
statistics with a confidence | evel of 84 percent whiich is estimated to be
encountered during the time period, T.

In all the exaglle types shown, the follow ng values are assuned: R = 0.8 and
B/B, = 0.7h. Equation 6 then can be witten as:

N
ozmm= (0. 8)(0.77)(1@B) [E (QE16) ( 'lri/'rg@)

L=l
N .
OZTWA = (0.62)(1-E)| -  (©ZL6)i;(T;/MEsg) (Buattion 7))
i=1 |

b. Tyeel — Exaglle to determine if a flight is incompliance with the TWA
cabi n 6z>eCeemdenatatidn. For all Type 1 exagbbss, assune the following: the
month is February, the flight level is 370, no filter (or GO, and the flight
segnertt (TRg) is 5 hours. TWO hours are flown in the eastern North Anerican
region ( ) and ®x hours are flown in the western North American regi on (WKAR)
above flight |evel 180.

(1) Case 1. Latiitudes: 50¢ Nort h
Pages A-15 and A-12 of the ozonesonde statistics (Figure 1 of this advisory

circular) give OZ16 = 0.50 ppaw for the Exwand 0216 = 0.25 ppmw for t he WAR,
Theref ore, frowEgaktivh 7:

OFYA =[((ﬁ).62))((0..5@ X 2 +0.25 X 2);= 0.19 ppav

5
b
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TH S FLI GHT WouLD NOT HAVE DEMSTFAIED OQMPLIANCE W TH THE MOCHNRM TWA CABI N OZONE
CONCENTRATI ON ESSABISHIED BY FAR PART 121.

(2) Case 2. Latitude: 40° North

Pages A-16 and A-13 of the ozonesemde statistics (Figure 1 of-this advisory
circular) give 0216 = 0.40 pgmw for the ENAR and OZ16 = 0.50 ppmw for the WEAR.
Therefore:

@Z'mm=[(0.62)(0.40 x 2 + 0.50 x 2)1: 0.22 ppnw
5

THI S FLICEHTWOULIDNOTHAWE DEXRISSRARAIECOMPENGEW WETH IKEAMANIMUM TWHACABINOOZTHE
COMENRATTION ESABISEIED BY FAR PART 121.

(3) Case 3. Latitude: 30° North

Figure 1 of this advisory circular (page A-16 and interpol ation between pages A-16
and A-11 of the ozonesonde statistics) gives QZ16 = 0.12 ppmwv for the ENAR and Q416
= 0.10 ppav for the WWAR. Therefore:

mmm:ﬂmm&mﬂQX2+0bemﬂ=&%pmw
5

THI S FLI GHT WOULD HAVE DEMGOSSTRATED COMRLIAAKE W TH THE MRKMBUM TWA CARIN OZONE
CONCEMRANTION ESTABLI SHED BY FAR PART 121.

c. mggzhelﬂxamllett@«ﬂuerm ne the filter efficiency required to show
e Wt

coghl the TMA cabi n ozone concentration. Equation 7 can be rewitten to
determine E, the filter efficiency:
[(0zTWA) (Tpg) (Equation 8))
E=h- N
(0.62)| > (GZLBY; ()
i=1

For OZMAX = 0.1 ppnw and the flight conditions of the exanple Type 1, Equation 8

becones: -
E=11—|0.1)(5)/(0.62) 1
2 x (0216)] + 2 x (0216); |

_1 _[(0.40) { (Equation 9))
=|=|(@ue)i + @) |
(1)) Case 1. Latitude: 50° North
0Z16 i s 0.50 ppmvfor ENAR and 0.25 ppaw for WNAR. (see Type 1, Case 1)
(0.50 + 0.2%)

=1 -~ 0.53 = 0.47 = 47%
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INSTALXATION OF A FI LTER WH CH REMOVES 47 PERCENT OF TME OzediE EXTHRING THE CABIN
WOLDENABIFETVE FIIGHE~Td SESHOWMPBIVIRCE WY Tk cABAB oDIIE OikCERTRATEN
ESTABLI SHED BY FAR PART 121.

(2) Case 2. Latitude: 40° North
0216 = 0.40 ppmw for ENAR and 0.50 ppmw for W¥R. (Ssee Type 1, Case 2)
E 1LLLM))_ 1
)

(0.40 + 0.50
1-0.44 = 0.56 = 56%
| NSTALLATI ON OF A FILTER WH CH REMOVES 56 PEREMM OF THE COZONE ENTERING THE CABI N

WOULD ENABLE 2HIIS FLI GHT 70 SHOW CMBPILIANCE WItH THE TWA CABI N OZ ONE CORERTRXTI TON
ESTABLI SHED BY FAR PART 121.

(3) Case 3. Latitude: 30° North

NO FILTER REQUIRED AS COVPLI ANCE W TH 3xm TWA CABIN OZONE CONCENTRATI ON ESTABLI SHED
BY FAR PART 121 WAS SHoWN DURI NG EXAVPLE YEE 1, CASE 3.

d. Variation of Type 2. The filter efficiency required for an airplane to show
congyl iance wi th the TVWA cablih ozone concentration for the wst case can be
determned using the method of the Type 2 exanple. For a wewst case analysis, the

assugbt s are the sane as were used for the west case analysis for the maxinum
ozone concentration exanple.

PIP, = 0.74 ppxv
R=1.0
Flight Level is 450

0216 = 1.8 ppmv

In addition, the total flight segnent time (TEg) is 14 hours, Bquation 6 can be
rewitten as:

E= J]_-—E(@ZTW\)) (F& ]
(QZL6) (R) (P/PR) (TR = 1)

-1 _[{(@.1»«14» 1
(1.8) (1.0) (0. 74X (133)

=1-0.08 =0.92 = 92%
INSTALUATION OF A PILTER WhIGr REMOVES 92 PERCENT OF THE GZONE EXCEHRING THE CABI N

WOULD ENABLE AN Al RPLANE TO Skdw/ COVPLI ANCE Wiftth THE TWA CABI N OZONE CONESTIRAT TON
ESTABLI SHED BY FAR FRrT121 UNDER fitiE WORST CASE CONDI TI ONS.

e. %fvegg Exa!#ue to deternine the meckimum flight altitude allowed to show
ooppikrica t he THA cabi n ozone concentration. Equation 7 can be rewitten to
8
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deternm ne 021%, the anmbient ozone concentration derived fromstatistics with a
confidence of 84 percent.

) - EmOuT |G

For OZTWwA = 0.10 ppwy, no filter (E=Q), and a total flight segnent of 5 heuns§ wth
2 hours above 18,000 feet in both the EN#iR and WEAR, Bquatiion 10 beconss:

(0216)) + (@ZL6)3 =[L0.10)(5)} = 0.40 ppmy
‘ (0.62)(2)
(1) Case 1. Latitude: 50° North

For this case, pages A-12 and A-15 of the ozonesomdie statistics show that
(0216) + (@ZL6)3 equal s 0.51 ppmw at flight | evel 330 and 0.34 ppmw at
flight™level 310. Linear interpolation shows a value of 0.40 ppmw occurs
for a flight level of 31&.

TH S EXAVPLE FLI GHT WouLD HAVE To FLY AT OR BREWA/31,600 FEET TO Q@4 obibilIANCE
W TH e TwA CABI N OZONE CONCEXXERATIION ESTABLI SHED BY FAR PAKT 121.

(2) Case 2. Latitude: 40° North

For this case, pages A-13 and A-16 of t he ozonesomdie statistics show that

(0216)h + (0216)3 equal s 0.55 ppav at a flight level of 330 and 0.38 ppmv at

a flight level of 310. Linear interpolation shows a value of 0.40 ppmw occuns for a
flight level of 312.

TH S EXAVPLE FLIGHT WOULD HAVE 1% FLY AT OR BEbod 31,200 FEET TO SHw CQQMLIANCE
W TH THE TWA CABI N OZONE CONCENTRATI ON ESTABLISHED BY FAR BRRT 121.

(3)) Case 3m Latitude: 30° North

For this case, use of data on pages A-11 and A-16 of the ozonesonde statistics,

imterp@dted as described in paragraph 2i of thiis appemdiix, shows (QZ16)), +
(QEZL6)2 equal s 0.63 ppmw at a flight |evel of 470 and 0.37 ppav at a flight

|Ievell o 450. Linear interpolation shows a value of 0.40 ppmw occurs for a flight
evel o 452.

TH'S EXAMPLE FLI GHT WOULD HAVE 1§ FLY AT OR E®xn45,200 FEET M0 SHow COMBLIANCE
W TH THE TWA CABI N OZONE CMCENTRATIION BIABIIISHED BY FAR BART 121.
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Figure 1.

0216 Values for February at flight levels 410,330 and 370 obtained from
FAA Report FAA-EQ-78-03 with linear interpolation betwean regions.
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Latitude in Degrees North

Figure 2.

Maxi mum flight level for an airphane flying in Eastern North

America with R=0.8, E-O (no filter) and a cabin altitude of 7,000 feet

to show conpliance with the maxinmum cabin ozone concentration (0.25 ppew,

SLE)) establ i shed by FAR Part 121..
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FEBRUARY - JAPAN
UNIT: PPMV
PERCENTAGES INDICATE PROB¥YALLITY OF EXCEEDING AMOUNT SHS€sd,

O

430N =8 365N VERY: )
FLIGHT FLIGHT
LEVEL MEAN 168 2% JYBM A X MIN LEVEL MEAN 16% 2% .1% MAX MIN
59@ 203 2-9 3.4 4 -0 3 '4 ].‘ 2 590 h.o4 2.@ 205 3.]1 8 .07 ] 8
570 2 26 32 3BT 32 1eb 570 1e3 1e8 2e4 2.9 2.5 .68
550 1.8 243 2.9 3.5 3.8 8 550 led 146 202 2.7 23 <48
530 1ed 2.0 2.6 3.2 2.8 60 530 o8 libh 19 2,5 2.8 .28
510 I3 19 24 29 2.5 60 510 8 N2 157 2.2 1.8 4B
490 N2 L7 24 2.6 2.2 55 498 65 1.0 le4 1.8 L.5 016
470 led le4 Le8 2.2 1.9 .50 474 «50 «8 lal 1.4 1.2 o14
450 «9 le2 L5 1.8 1.5 S50 458 «35 .85 o7 ) 8 18
430 8 Ll L3 L6 13 40 438 30 45 .65 .8 «7 .09
410 o7 a9 le2 Y4 1le2 o35 418 «25 +4b .66 .8 7 08
390 «60 e8 1.8 143 lad 25 398 25 40 .68 .8 o7 o067
370 =0 7 9 l.d a9 <20 376 «20 35 455 7 68 08
350 <40 &5 0“7 9 «7 <16 358 020 o380 45 kD 855 .06
330 «30 40 .55 «7 <55 .12 338 o166 26 35 45 0 5 05
310 «18 25 35 45 35 L06 318 elz 20 JBD 35 35 05
290 Y 12 [ Y 13 .25 Y 30 125 304 29(9 . l@ LJ 16 m 039 -30 004
270 12 416 20 30 20 .04 270 «09 14 20 5 25 04
250 A8 A4 20 25 18 04 250 M A2 A8 IJD 20 .04
230 08 12 16 20 16 03 230 07 18 Jdia DB 18 04
210 07 186 12 Jd& 012 .03 2160 W06 O¥% A2 014 A4 04
190 08 07 .08 JID 09 .03 196 05 00 08 200 09 04

32°N N=14
FLIGHT
LEVEL MEAN 16% 2% JYE  MAX  MIN
s90 «8 l1ld L5 19 L& .3§
s70 60 9 1.3 1.6 Ll .25
550 45 7 L0 13 LJa .18
530 25 S50 o 9 «8 .09
510 25 45 .60 «8 «7 408
490 20 .35 .55 o7 60 .07
470 <18 30 45 55 .50 .06
450 14 25 .35 .40 40 .05
“«30 «12 20 25 .35 .30 .04
410 8 W16 20 25 25 .03
390 09 A2 A6 20 16 02
370 «08 412 .16 .18 416 .02
350 «08 12 .16 TP A8 03
330 <08 12 Jdbb 20 20 O3
310 D8 A2 A6 20 20 .04
290 «07 <12 16 20 20 .04
270 07 J18 A4 A8 20 04
250 07 18 12 A6 16 .04
230 «06 09 12 A4 JdA4 04
210 06 .08 JDD 122 A2 .03
190 «05 .07 .08 JID .09 .03

12

16/IYE&D

A=-11
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FEBRUAGY = WESTERN NORT}g_ AMERLCA

UNIT:

PPWV

AC 120- 38

PENCENTAGES INDICATE PROBABILITYY OF EXCEFOMNS AMOUNT SHOOR,

65 N=3

FLIGHT
LEVEL ' | MEAN 1od 2% 15 MAX  MIN
590 25 2.9 3.3 3.7 29 1.9
570 2.3 2.7 34 3.5 2.7 1.9
550 22 25 2.9 3.2 2.6 1.8
530 3.0 23 2.6 3.0 2.4 .7
510 18 20 24 23 2.2 1.5
490 1.6 1.9 2.2 2.6 2.0 1.3
470 1.5 .7 2.0 2.3 1.8 .1
450 1.3 1.5 1.8 2. .4 «9
430 1.1 1.3 1.6 1.8 l.4 £8
410 1.0 l.2 1.3 LS .2 o
390 8 9 L0 LI &) 7
37 0 u7 .8 . 9 I].-(D 08 .6(0
350 S5 J6S oA B 65 45
330 AD 45 SS L0 45 30
310 JPD) 25 35 40 30 .22
290 JID A8 25 30 20 05
270 <110 A6 20 25 A8 04
250 O8 A2 A8 20 44 04
230 07 JID A4 A6 012 04
210 05 07 Jo A2 08 .03
190 04 05 05 06 005 .03
557N N=0

FLIGHT
LEVEL MEAN  l6% 2% 1% MAX MIN
590 3.1 2.6 3.4 RS 2.9 IS
570 1.9 24 2.8 3.3 2.7 1.3
550 L7 21 2.6 3.0 2.5 L1
530 le4 L9 2.3 2.8 2.3 9
510 1.3 .7 241 2.5 2.0 R
490 1.1 1.5 1.9 2.2 138 4
470 1.0 1.3 1.6 1.9 1.5 .65
450 8 ld 1.3 1.6 L.2 .50
430 oA P ld 1.3 1.0 45
410 S o7 9 1.0 «@ A0
390 45  JB5 65 A 55 ¢35
370 35 45 S B0 45 25
350 3 35 40 S0 35 20
330 20 25 30 35 B a4
310 A2 A6 20 25 A6 06
290 06 JIDD Jd4 A6 012 .03
270 O6 09 A2 A4 WD 03
250 005 .08 .JJID 122 09 02
230 D4 06 .08 JD 07 0?
210 04 BHS 07 08 06 .02
190 03 M4 S 05 04 02

A=12

Appendi x 1
' @Y N=0

FLIGHT
LEVEL MEAN 1®% 2B  JYB  MAX  WIN
590 23 28 32 3.6 2.9 L7
570 21 2.6 3.0 34 2.7 L6
550 L9 23 &7 31 25 L5
530 L7 24 25 39 24 L3
510 L. 1.9 2,3 26 24 L2
490 4 1.7 21 3.4 L9 IO
470 1.2 1.5 1.8 21 L7 N
450 1.0 1.3 1.6 1.8 L. 4
430 ¥ Id N3 LS L2 65
410 ol 9 Il 1.3 IO .60
390 B> Y 8 R’ 8 S50
370 255 .60 oA 8 B0 a5
350 MO &5 S A5 SO0 035
330 B 35 A0 <O 35 020
310 Jda Jo» 25 RS 25 JD
25D Q0¥ s s P28 A6 .04
270 08 012 A6 JO  Jd4e 03
250 Of  JI A4 8 12 03
230 Qb 08 JID 014 04 .03
210 05 06 08 .30 .07 .03
190 03 04 05 06 05 .02
SN N=10

FLIGHT
LEVEL MEAN 16% 2% 1% MAX MIN
SY0 LYy 24 2% 34 2.9 L3
570 .7 2.2 27 32 2.7 111
550 Jov L9 24 29 34 .6
$30 n.1 L6 2.2 37 22 .55
] (0] 1.0 1.5 1.9 24 2,0 .50
490 M I3 L7 31 LA 45
470 <7 I e 1.7 lad4 .35
450 35 Js A 1.3 1.0 .30
“—30 .45 .65 Og Il..]l ot& -25
410 3 SO 65 & HD 20
390 25 35 40 s 35 A4
370 20 25 35 A0 30 A2
358 A6 20 25 JAD 20 WO
330 A2 016 2 .75 A6 006
310 07 Q0% 42 4 JD» .03
d90 04 06 .08 P .07 A2
270 04 05 O7 M9 06 02
Zw .M 005 .@6 L] M 006 002
230 03 05 06 07 0T doe
210 B 04 .05 6 A5 .02
190 03 .03 .04 ~5 .04 001

13
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FERRUARY = WESTERN NORTH AMERICA |

UNIT: PPMVY

PERCENTAGES INDICQAEE PROGABTI T T Y O F EXCFOONSG AMIUNT SHOWN..

PELAY N=31 40”N w=69
FL (&WT FL IGHT
LEVEL MEAN, 188 2B .1% MAX MIN LEVEL MEAN 164 2B W MAX MWW
S90 L8 23 2.9 1.6 590 28 34 35S 0
570 L6 24 2.6 3 570 25 3@ 3.0 045
S0 1.3 L3 2.3 585 59 2.2 2¢7 27
530 1.6 L5 2.0 25 530 1.8 263 2.2 o 10
514 9 13 L3 25 510 L& 2l 231 .09
490 7 L. 1.5 «20 490 1.5 1.8 1.9 ¢ (@
470 «60 9 .3 JFR 410 1.3 lee L7 .08
450 ) A6 4450 1.0 1.3 L4 .68
430 «35 A2 430 ') L2 D2 epb
410 «30 ‘08 410 ' 11 1O .05
390 20 04 390 T 00 .03
370 18 0p3 370 0 65 .9 £ 003
350 'l 0 E 350 eS5 A VD 038
330 (3 X} B (s 330 04S &S 0 .02
310 g 01 €16 0p2 310 30 @ A0 .02
290 05 08 o 2 001 290 0 31 R0 3B  Jae
270 €05 g elO (J0)} 270 VIO 02 3D .02
250 004 DT 009 (15} 250 A8 028 25 .02
230 ong  ep6 08 Ol 230 o U 018 20 .02
210 end s 07 001 210 A2 014 014 Ol
190 W3 04 005 0L 190 08 0 9 o 0% aol
s NEL4
FLIGHT
LEVEL MFPAN 18B 2 J¥B  MAX  MIN
590 14 1.8 23 28 2.5 .65
570 le2 1.6 2el 2SS 23
550 a9 le4 1.8 23 2el o EE
$30 0§ lel led6 2.0 la9 A4
SID LS 1.0 les L8 L7 oD
490 ® 45 o 8 le2 la®s le4 10
470 38 e 686 o Olg2lel 008
450 03 o0 [ (I} (K (]455:)
430 028 40 095 1: 03 eps
410 OO0 03B 0 45 0 iD 096 0 (4
390 (I3 A4S °pa
370 o0 (| (s |
350 10 039 03
330 03 o EE o2
310 (Y210 020 Ol
290 (] 16 0 01
270 (X 14 ' 01
250 (]I (| (X0} |
230 B (V) 0 01
210 03 d30 010 01
1190 .03 09 05 001

A=13

14
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UNIT:

PPNV

AC 120- 38
Appendi x 1

PERCENTAGES INDICATE PROBABILITY OF EXCEEDINGG AMGUNNT-SHIOW,

10/16/80
80w N=17
EL IGHT
LEVEL. '] MEAN 16% 2% 0 MAX MIN
590 B4t LD 407 S4 48 1.3
570 3cl 3.7 bed 5.0 S 1e3
550 ?¢8 3¢4 4ad beb 4.2 .2
530 265 3.0 3¢6 40 3.9 L.
Sk 263 2¢8 3.3 3.8 3.5 L0
490 260 265 2.9 3ia 3c2 0
470 187 2.4 25 2¢9 PLe7 [
450 a4 1e8 24 2.5 2.3 55
430 12 LS5 let! 24 1l&@3 o 4
410 Me¢ 1.3 L6 led L6 o 3
390 ' N0 N2 led4 le2 lad
370 ‘7 ') N.® Ne2 L.0 o U
350 (- 07 LI o) [ IV}
330 05 055 065 ' 065  ep8
310 O30 03 045 05 04S 0 (5
290 0N 025 03N 0N 35 03
270 VIR 05 0 N 35 30 03
250 o5 0 xn x5 30 2 .02
230 014 o0 16 0 N 25 JB8 002
210 0'l0 0 2 4 Jd A4 .02
190 006 008 009 Jd2 05 02
70'™ N=2S
FLIGHT
LEVEL ME AN 1689% % J¥VB MAX MM
590 3cl 3e¢B 44 5,14 4.7 L5
570 2.8 3¢5 441 4.8 4.4 13
550 25 32 3.8 @4 4.0 .2
530 2.2 2e8 34 4 3.7 1@
Sirp 20 26 3.2 3.7 3.3 U
490 1.8 23 2.8 3.3 3.0 [N
470 1.6 200 2.5 a9 25 06
45@ 4 17 20 2.5 2l 058
430 le2 l1eS 1.8 2.0 1.8 o 4
4l0 160 le3 NS5 1.8 lLes 0 3
390 ' 1.0 .2 le4 N1 .18
370 E 1y lCh M2 e U
350 05 H 15 h.® «8 A2
330 o5 0% 05 1l &0 DR
310 30 0% MBSO 05 005
230 20 0 5 30 .35 35 .03
270 VIR 0o % 30 e 03
250 A6 018 0 0 28 28 .02
230 o2 o156 el .20 A8 .02
210 09 .12 Jd4 Jd6 WG [}
190 Jdd> 007 08 LD OB .02

A=14

757w =40
FLIGHT
LEVEL MEAN 1&% 2% ® (% MBXx M
590 3¢k 3¢9 beb6 65,3 wnes la3
570 3@ 356 4e3 be9 45 la2
S 2¢7 33 39 6.5 be2 lel
530 24 269 35 4,1 3.9 1.0
510 2.2 27 32 307 3Nk [
490 1.9 2¢4 2,9 34 3.3 ()
470 L7 2el H5 2¢9 2.7 o I
450 1.4 led B 35 2.3 &S5
430 1.2 JeS lel8 31 L9 o4
410 1.0 le3 1.5 1.8 1N.6 030
390 ) 1e® 2 N4 N2 o B8
370 8 'Y 1@ D2 1.0 014
350 o S 0 = o x [0 & § 12
330 (T - - B BS OB
310 5 & 04 (Joi-)
290 0 zp 0 I J03
270 'le 150 30 .03
250 [ d25 28 .02
230 .12 JO) 018 002
210 (L1 016 .14 .02
190 (1)) oo 00y 0 @
65" N N=S
FLIGHT
LAVEEIL MEAN  1®% 2% JFF MAX MW
590 2.9 4e3 4,9
570 2.6 @4.6
550 3.4 @q,2
530 2e0® 3.8
510 1sw 3.5
490 .7 3.1
470 le4 2.7
450 1.2 2.3
430 1O 2.0
410 (] 7
390 (N 1.3
370 (15 1.1
350 (I 9
330 4P o7
310 03P 0 i
290 (¥ 4@
270 [ (s
250 U -5
230 10 8
210 (2] 014
190 () (08

15



AC 120-38 10/16/80
Appendi x 1

FEBRUARY = EASTERN NORTH AMERICA

UNIT: PPMY

PERCENTAGES INDICATE PROBABILITY OF EXCEFDING AMOUNT SHOWN.,

602N N=4 553N )
FLI GHT FLIGHT
LEVEL MEAN 16% 2% @ o MAX MIM LEVEL MEAN 16% 2% 00 &Y MIN
596 267 34 4ol 4.7 4.4 L5 590 2% 312 398 U6 4.0 Jdes
570 2.5 3.1 3.7 4.4 4.0 1.3 5760 2.9 3¢S 4:1 3.7 lel
55& 202 208 3.4 be@ 307 1-@ 55@ 2.6 302 3.7 3.4 ' “i
530 1.9 2ea4 3.0 3.5 33 (R 530 De2 2¢8 33 34 0 N0
510 le? 242 2e7 3a2 3a6 [ 516 2s® 2.5 3.8 2. 0 5
490 1eB 2e®@ 2eob 2.9 2.7 0 IF 490 le8 22 2¢7 2.5 0 4
‘70 1.3 1-7 aall 2‘5 2.3 055 470 1.5 199 aea 20]1 .g‘
450 1.6 ll_.4 107 E.i 1.9 t4§ 45@ 103 llé l.g 167 .13(0
430 LG 1.2 leS 1.8 1.6 35 4360 lel 1e4 1¢6 leb 0
410 (] leO 1.3 1.5 103 28 410 65 a9 lell le“ 1.2 [ I
390 [ 15 1e® Le2 le® 0 u 390 (3 0 1ed 0. 09
370 .50 © &b © 3 LJ0 e , 18 370 (I (I &9 V5 epd
350 VI 08h g ‘e 1: o ep® 350 0 0 8 0ES DT
330 VO g% 08B .65 058 08 330 ¢ U0 U o E ep6
310 2% 0T e 4SS 0 i 0 [0 3160 V0 B8 ES 40 058
290 o x 026 00 .35 3% D3 290 els 00 025 030 00 DR
270 0le 0 0 25 0 (s [ 270 12 0 5 0 0 CIN- I J-1 3 053
250 016 ols 018 20 o = .03 250 Wy o , e 5 20 0 003
230 07 016 ol4 16 .16 P2 230 We 09 .12 14 0le la2
210 O F 08 018 e 1 el4s  epR 210 .85 0pF 2069 V1= 0 1 ef2
190 o o DB DT eDp® 0D e 190 B3 006  0pF  eF9  0p8  epR
500N N=10 4B N=20
FLIGHT FLIGHT
LEVEL MEAN 16% 2% 01% MAX MIN LEVEL MEAN k6% 2% 1% MAX MW
S9m 2.4 3e0 3e6 42 bhad les 590
S7T0 2ed 2Ze7 33 3e9 3«8 lal 570
55@ 1.8 2e4 38 3¢5 a5 -} 550
530 1.5 241 2.6 3u1 3.3 WMo 530
S1@ le4 1@9 2.3 2«8 3e0 £ 518
490 leZ leb 2al 2&5 2x6 036 490
470 L1e® led les 2¢l 2¢2 .35 470
450 8 l.ll lcé 167 108 [] :j 4&]’
430 (] 9 ch l-é 1.5 OBS 43@
410 0 le® 1e2 1le3 0 410
390 0 [ o le® 0PF 390
370 050 066 8 15 o085 370
350 04S .55 .68 «7 .04 350
330 0 04S  BS 0 330
310 0 v v D2 3160
290 0'l8 0286 <30 [ 290
270 1ls .18 2P «02 270
250 10 o u 18 02 250
230 (J:1 4 (B [ I [ 230
210 0T 08 e, ud2 02 2168
190 0L 07 08 D9 L,OL 196
A=15

16



FEBRUARY = EASTERN NORTH AMERICA |

PPMV

AC 120-38

Appendi x 1

INDICATE PROBABILITYY OF EXCEFDING AMQUNT SHOwWN,

10/10/80
UNIT:
PERCENTAGES
409N N=40
FLIGHT
LEVEL . MEAN 16% 2% 1% MAX MIN
$90 1.9 2.6 3.2 3.8 3.8 .9
570 Le7 23 2.8 3.4 3.8 .65
S50 L4 1.9 2.5 3.0 3,7 .45
530 Ll 1.6 2.1 2.6 3.6 .20
510 1.0 l.4 1.9 2.3 3.1 .18
490 8 le2 Le6 2.0 2.6 A6
470 o7 L Le4 1.8 2.0 14
450 «55 8 L.l 1.4 1.3 D
430 45 7 1@ L.2 l.2 .08
410 40 60 8 L0 La .05
390 30 S50 65 8 La .03
370 25 <40 .55 o7 L0 .02
350 20 35 .45 .60 8 .02
330 B 25 35 45 0 55 WOl
310 QD BB 25 W35 50 Ol
290 OB A2 18 .25 40 WOL
270 07 12 .16 .20 <35 .OL
250 0h 09 12 16 30 Ol
230 05 07 20 W12 e o1
210 e85 .07 .09 <10 .20 .OL
190 04 .06 .08 .09 IR L6
)
36N N=10
FLIGHT
LEVEL MEAN  18& 2B ADB®  MAX MW
S90 L2 L& 21 25 2.0 .40
570 LO 1.4 Y7 2.1 L.7 <30
550 7 L N4  L.7 L2 oM
530 .45 7 LO L2 .8 .08
510 A0 .60 8 1.0 J6S .07
490 30 .50 .69 8 <55 .06
470 «25 o35 .45 .60 40 .05
450 «14 .20 .25 .30 .25 .04
430 W2 W16 20 W25 23D 04
410 AP A4 JE 25 Wff .03
390 .09 .12 16 .20 .16 .03
370 OB J§2 16 A8 WK .03
350 87 A0 L4 W8 W06 .02
330 06 .39 2 A6 ALB .02
310 .65 .08 .iID J@ .JH .0l
290 <05 ,07 A0 .12 .A8 .01
270 04 .07 .09 .i2 .16 .01
250 <04 .86 08 oD & OL
230 «04 .06 .08 .09 is .OL
210 <04 .05 .07 .08 4@ .01
190 .03 .85 AW .@8 .08 .OI

A-16

35N =15

FLIGHT
LEVEL MEAN 16% 2% 1% MAX MOW
5960 1.6 2.1 2.6 3,1 2.9 .8
570 13 1.8 2.3 2.8 2.6 .60
§56 1.1 L5 L9 2,3 2.3 .40
530 8 LeZ2 Le5 1,9 2.0 16
510 7 L® D4 U, 7T L7 14
490 «60 9 Le2 L5 1.4 012
470 «50 o7 L.® 1,2 14 I
450 035 .S5 (N .9 «8 08
430 30 45 MO .8 T 06
410 25 A0 T AS ES IS
390 2D 3D 40 R 60 .03
370 JEB 25 35 45 S5 .03
350 14 20 .30 4P .45 .02
330 Jd2 s 25 S 35 .02
310 Od A4 8 TS5 .25 .0l
290 QOb JID . a8 20 Ol
270 06 09 .32 46 20 .ol
250 05 08 AD 04 LI WOl
230 04 07 ¥ .00 J .01
210 04 .06 08 .10 A4 O
i) W 05 07 .08 JAO .60
25N Mes

FLIGHT
LAWEEIL MFAN 16% 2% .J1% MAX MIN
590 65 «8 1.0 1,2 1.2 a25
70 «5b o7 09 11 1.0 .20
550 A® 0T -8 .9 Vo0KE
530 <30 45 .60 .8 5H0 .87
510 25 A0 S BS .40 .06
‘9@ .2@ .EKD 34@ 1.50 - 35 l05
470 e 20 25 .35 .25 .04
450 28 WD L4 DG .16 .03
430 «07 09 .i2 <14 .14 .03
410 07 09 .12 a4 12 e
390 «07 09 .12 46 .02 .03
370 96 .09 al2 . iz .03
350 86 0B AD .12 .}2 .02
330 05 W07 a9 a2 @2 .82
310 A4 06 08 .10 .i2 .0i
290 04 06 .37 .09 AR OB
270 Ae Q05 07 9 L L3
250 D4 058 AT ad Wi Ol
230 W3 05 A6 .08 .09 .0l
210 a3 .05 adé .07 .28 Lol
reo 33 04 A6 .07 06 0 40

17



AC 1209 38 10/10/80
Appendi x 1
FEBRUARY = EASTERM NORTH AMEREICHA
UNIT: PEMV
PERCENTAGES INDICAEE PROBMRIUTIY OF EXCEFDING AMOUNT SH&R:NI,
209 N=8 1914 He5

FLIGHT FL K@

LEVEL MEAW. 16% 2% 1% MAX MIW LEVEL MEAN  16% 2% JPE S MAX MIN
590 35 45 60 4 55 .18 59w 35 45 S5 S .50 Jd4
S70 28 35 A5 S5 A5 d4 S70 25 3I5 A5 S5 A0 A2
S50 9)¢] 25 <30 35 «30 Nie) 550 [} .62 25 30 . 35 «30 08
530 09 A2 A6 JA6 Jd4 06 530 Gy 012 M6 J 24 05
510 08 JJID A4 A6 a2 .08 510 08 012 .16 J1B8 12 .04
490 Q07 JID A2 a6 A2 05 490 07 010 .14 .6 .12 04
470 06 .09 JJID Jd4 O 04 470 06 .08 00O 014 .09 .03
450 05 07 09 A2 07 .03 450 04 06 Vv L,30 07 .02
430 08 .07 .09 JD? .07 .03 430 04 06 .08 )@ 07 .02
410 05 07 09 .ilH 08 .04 410 04 b6 W8 ad 07 .02
390 MDD 07 09 AP O 04 390 04 06 08 .10 .07 .02
370 @S 06 08 JBD O8 04 370 04 .06 .08 .20 A7 .02
350 04 06 07 .09 07 .03 350 D4 .05 .01 W .06 .02
330 04 05 06 O3 06 03 330 04 05 Db g 0% W0l
310 O3 .04 .05 .07 005 &2 310 W3 .04 205 47 &4 o0l
290 03 .04 .05 OB 005 .02 290 .03 04 05 .96 (J:54 (J0)
270 03 .04 05 NG 005 .02 270 03 .04 06 0z (J0)}
250 03 .04 @S 06 .04 .dl 250 d3 .04 5 ({6 .44 .0l
230 03 .04 .85 .06 .04 A1 230 03 4 A5 .06 04 G0l
210 03 4 .35 .06 .04 .0l 210 O3 B4 J05 W8 .04 001
190 D3 .04 65 0B 4 D 190 0psE o (X2 Oﬁ,ﬂ@ «d4 ® (1

IOON N=8

FLIGHT

LEVEL MEAN 169 2% J% MAX  MIN
590 5B MBS 55 65 50 i?

570 25 35 85 5S40 LD
S50 Jdf 25 2D .35 25 .07
530 09 A A6 20 4 4
20 W8 2 1A 20 312 epg
490 w7 10 .14 JO8 2 .03
470 W7 I A2 i 4D o3
450 06 Lida (X V] (| J08 02
430 VW07 ® 10.i2 038 0GR
410 .05 a7 ¢ 3 ol .07 001
390 Wa a6 N D 06 31
370 04 ;06 A7 .V .06 Al
350 Wi  Jmm ¢ 008 005 Ol
330 A3 Vi 36 Ad O AIS Db
310 A3 @ V] 00T B4 D)
290 03 04 WIS pb e0e 91
270 A3 04 % 01 04 Lal
0 ;33 04 2D B e G
230 W3 B4 0 E Qe 034 0 4
210 .03 e B 336 095 Al
190 12 A4 &S 36 o 5 01
A=17

18



10/16/80

FERRUARY = WESTERN EUROPE

UNIT: PPMVY

AC 120-38
Appendi x 1

PERCENTAGES INDICMIE PROBMBEILITY Of EXCEEDING AMOUNT -SHOW.

s22N N=38 473N \=[A
FLIGHT FLIGHT
LEVEL .|-MEAN 188 2% J¥® MAX  MIN LEVEL MEAN 1®% 2% 00 MAX N
590 22 28 3.5 4.1 3.8 .1 590 .8 24 31 3.7 38 020
S70 1.9 2.5 3.1 3.7 3.5 8 570 He® 22 2¢8 34 b o2
580 1.5 2.4 2.6 302 30]1 «60 55@ 1.3 h.os 2a4 2.9 3.1 ol
530 Ld 17 22 2.7 2.8 430 530 IL® LS 2,8 2,5 2.7 016
Sk 1.1 L5 2.0 25 2.5 .25 510 9 hest 18 23 2.5 014
490 1.0 l.4 1.8 2.3 2.2 .20 490 M lLe2 L6 31 2.2 40
470 a9 le3 Le7 2.1 1.9 N6 470 of Ll lew N 2.8 07
‘50 . 7 IL.JI ]I. 04 ]‘- . 8 LS [ Y 09 450 ow og [I.02 11.5 IL-& .(D3
430 «65 «9 1.3 1.6 1.3 .07 430 <50 8 Il 1.3 1.5 .02
410 ~S .8 1.1 1.3 1.0 .05 410 45 65 9 I 1.3 .02
390 4 .65 .9 1.4 @ D4 390 35 55 07 N L2 .a2
370 35 55 o7 .9 17 .03 370 30 45 60 8 .0 .02
350 30 A5 60 .7 055 .03 350 20 35 S0 165 .2 (02
330 R B30 A5 S5 45 02 330 B 25 3B 05 & 02
310 A2 20 30 35 35 02 310 LD 6 20 30 35 .02
290 08 Jd4A 20 25 a25 .02 290 06 JID W14 a8 .25 .02
270 07 A2 A8 258 25 02 270 05 .08 .12 .14 .0 .02
250 07 JDD A6 XD 020 072 250 05 07 09 2 314 WOl
230 06 09 .12 416 016 .0l 230 04 06 .07 d08 .09 .OL
210 05 .08 . .14 012 .01 210 B4 05 07 B8 O 0ft
190 04 .06 .08 .09 .09 .00 190 mz 05 06 7 .08 .01
39”N N=6
FLIGHT
LEVEL MEAN  1®& 2% J¥B  MAX  MIMN
590 1.6 22 2.9 3.5 2.4 o7
570 14 2.0 25 3.4 2. 65
550 1.3 .7 22 26 0.9 ¢ 5
530 1 led L 20 Nd 45
510 9 N2 L5 1.8 N .35
490 8 1.0 1.3 L5 1.1 .30
470 S5 8 1.0 1.2 9 R
450 35 &6 o7 N 60 JOR
430 30 A5 55 Py A —1() N ¥ 4
410 B0 A0 SO BO A5 HE
390 25 35 40 &) 40 09
370 25 30 35 46 35 OB
350 A8 .20 .25 .30 .30 .06
330 A2 A6 20 05 20 e v
310 & 09 A2 d4 012 .02
290 04 06 .08 JO .08 .00
270 @4 06 08 JO 08 Ol
250 O4 06 08 JIOT 08 Ol
230 4 06 08 JO .09 .02
210 04 .06 .08 . .09 .02
190 o4 .06 .43 .09 .08 .02

A=18

19






10/16/80 AC 120~ 38
Appendi x 2

APPENDI X 2,. ALTHESRNAT OZONE DATA SETS

1. PURPOSE: This appendix discusses the Gobal Air Sanpling Program (GASP) ozone
da&a and the olzommm bal | oon data used in exanple flights in Appendiix 1 of this
advi sory circular. .

2. EXPLANATIION. The ozone asseabtwdtion bal | oon data of Appendi x A-of Report
BR2OEGS80B T1sted in paragraph 3a(2) of this advisory circular is acceptable to
the FAA for statistical analysis to determne complliamee with the cabin ozone
concentrations established by Section 121.578 of the FAR Any other data set taould
have to have an equivalent vertical (2,000 feet), tenporal (m)nthI%/), and

| atitudinal (5 degrees) resolution to be acceptable for purposes of conpliance
demonstrati on.

a. For exanple, in Appendiix B of Report FakFEQ@386®3, data are presented which
vere colllected during the Gobal Air Sanpling Program by the National Aeronautics
and Space Administration (NASA). The GASP data have greater geographical aveergss;
however, as currently tabulated, they do not provide the required vertical, tenporal
or latitudinal resolution to be used for oompliamee denonstration. Wen the
resol ution of the balloon data is ablbpsed to that of the GASP data, the results of
the twam measurenment programs agree statistically. This indicates that both data
sets are val i d, hawever, the GASP data, in their present tabulation, do tgt show the
necessary resolution elements to be acceptable to the FAA

b. For exanple, the balloon data for the eastern North Anetiieam region at 450
nortth andt of a flight |evel of 390 give ozone val ues at the 84 percent confidence
| evel of 0.35, 0.45, and 0.55 ppnv f or Deseerdber;, January, and February,
respectively. For the western North American region the val ues are 0.30, 0.35, 0.35
. At flight level 390, the GASP data show an ozone val ue at the 84 percent
confidence | evel of 0.37 pgnv for the winter season, between 40° and 90° west
longitude at a latitude between 42° and 48° north (page B-6 of Wpbrt FAA-EQ-78-03)..
Bet ween 90° and 140° west |ongitude, the value is also 0.37 ppw. This typical
exanpl e shows that use of the GASP data for show ng esppliance by statistical
net hods wothld not properly account for the expected anbient ozone val ues which
change by as nuch as 0.25 ppmv during these 3 nonths. Even though nore data points
are obtained by GASP at the flight |evels between 350 and 390, as presently
tabul ated, the required resolution elenents are not provided.
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