5/22/73

TEST PLAN

- PROGRAM AGRI

This 3 T anid Lest personnel
wvith infor ion on the plan of L WA-420 dn vesponse to Request
No. AP3-100-73-134 of the Flight Standards S*rv1r@ and ARD—522 Resume
183-522-034 dated March 22, 1973 znd forwarded under ARD-1 letter to
AA-4 dated diay O, 1973,

Background

Work at NAFEC as ecarly as 19631
characteristics of aireraft cabin : hi@.kzi» with ﬁha
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ations first enacted in 1947, The primary gosl was
concerned with cobiaining test data thot could pevhans show the feasibility of
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reducing the mavinum allewable burn rete of wa L@Tlnl classificd as 11

resistant" to & inches

However, soma wcern was given

to the smoke and toxic wterials. The t of
the National RBureau of in 1963 by o ~jans

to obtain the results containe f Pz Report ADS-3, dated JdnuA:J “his
report presented data on sroke cbtained from weasuring the depnsits
of the particulate matter on a fllt@r paper during the Radiant Panel Testo
(ASTIM-E-162) ., During these early tests, attespts were made to measure toxie
gases without success. Since very large quantities of Polyvinyl chloride (¥VC)
plastics were used in cowrercial aviation for cabin intaviors, HCl gas emis-
sion was of particuler inp auce since large quanticies of this gas could

be expected because chlorine is the major constituent. The eavrly tests showed
that unless special precautions were taken soluble gases such as HCL, HCN,

and Ri, could be lost through absorption in the sawpling lines before reaching
the measuring apparatus.

w

e ng the full-scale tests
ul Lﬁ; are contained in TAA
Report ADS-44, dated December 1965, which presents toxic gas data. Infraved
analyzers (Lira Model 200) were used to measure continuously CO concentrations
simultaneously with the other cabin fire parvameters of terpervature, swmoke,
oxygen, and pressurc. Bottle samplecs the cabin zir tzken during the cabin
fires measured incorrectly by a cou
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rcial laboratory did not show any evidence
of toxic gases other than C0 gas and unsaturated hydrocarbons. In addition to

The next attempt to measure toxic gase
of a DC-7 airplane at NAFEC. The resu
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the DC~-7 cabin tests, small-scale laboratory tests were conducted on individ-
ual samples of the 1ntﬁrior materials installed in the airplane. In the
later tests, colorimetric tubes attached directly to the pyrolysis chavbeyr to
minimize sampling line losses Q”VS concentration readings in ppm of such gases
as LCL, HCH, 30,, C{)Cl?, HoS5, 10 + NOo, HF, and unsaturated hydrocarbons,

Following the B~727 survivable crash fire which occurred at Salt Lake City in
November 1965, the project effort was reactivated and the scope of the work
greatly expanded. Wore ewphasis was placed on swoke emission pzoduced by
burning interior materials as a major life hazard. Survivors of the Salt Lake
City fire had reported extremely dense swoke in the cabin which Cﬂhplﬁﬁﬁky
obscured their vision and made it very difficult to locate exit signs and

wgs during evacuation,

The 1BS under an agreement with NAFEC conducted during the period of 1966-
19686 both smoke and toxic gas tests simultaneously on some 14 representa-
tive materials either in use in aviation at that tire or considered for
future eiveraft. The sroke measurements in terms of a specific optical
density (D.) and toxic gas measurements in terms of ppm in air inmside an
18-cubic-foot chamber are contained in FAA Report NA-68-30, dated July 1
Although a premature atterpt vas made at that time (LaA,nJh July 18968 Meet
to use the ddtu to establish acceptable smwoke liwits for rule making to ba
from use the mo: ] +, the toxic gas to a
overlooked as the successful prowotion of a
An advanced No t' Rule 1L 1 69-30) on
had been issued in July 1969 advising industry of FAA's intenti to regulate
smoke emission, This notice had a profound effect in st:ﬁulatﬂig interest in
the problem of a uniform and V“‘AO method for measuring swoke and led to the
adoption of the NBS Swoke Test Apparatus by the three 'ajor airpleane companies
as vell as by the larger chemical companies. Extensive smoke test data fur-
nished by Boeing, Douglas, and Locheeu through the Aerospace Industries Asso-
ciation (ATIA) during the pericd of 1969-1972 were used to recomuend to AFS-100
maximum allowable smoke liwmits (i.e., Dg of 100 in 90 seconds aud from an
analysis of the smoke data furnished by industry on somes 250 materials con-
tained in NAFEC Propulsion Branch Data Report No. 76 dated January 1971.
Because effort was concentlrteq on first obtaining an early smoke rule, toxic
af that time either by NAFEC nor puarcnt‘“ by
¢ has vesulted in a critical situation whereby
wer materials used in the wide-bodied cabins are not

arge extent

~

cniLesion

tO”’C gas data for the ns
available at this timz,

s of fire tests with a 670-cubic-foot mockup in which complete

ssem s, [oam pads (10 pounds), and other materials were burned, CO
readings were mzasured continuously with temperatures, smoke, oxygen, com-
bustible gases, heat flux and pressure., In a few tests coloriwetric tubes
were used to measure HCL, HCN, 02, NH and CO0Cly. The results of this
investigation into the nature of the fiash fire potentlal of materials are
contained in FAA Report RD 70-81 dated December 1970,
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Following the crash fires of a virlines B-737 at Midway Airport
on December 8 and a North Central DC-9 at O'Hare Airport on December 20,
NUMETOoUs N itens - the press alleging that medical
recovds of nred sible death as occur Li'b from
inhalation of HCN ¢ the mx‘z‘u.i,ug_; of intevior materials
especially the ureti

Jarnes Greemwood, APA-L, ned the Divector of NAFEC on January 19 to

ask for background information on the problem of toxic gas hazards and activi-
ties velated to the study of the problew could be used to answer a
news item appearing that da e‘m . A status report titled
"A review of NAFEC's Activities 24 to Stldl““ of Toxic Gases and Hazards
in Air Transport Cabin Fires™ was TaLcr prepared and forwarded to Public
Relations Office (APA-1) in Washington.
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AFS-120 pexsonnel (H. Branting, A.J. Madayag, and R. Allen) advised the
vriter by phone that Flight Standards Service had decided to issue an NPRM
on toxic gases (since revised to an ANPRM) and asked the writer to assist in
formulating test critevia fﬂr specifying maxirum tolerable toxic gas limits,
The writer met with AFS-120 personnel on February 14-16 to review the toxic
gas data contained FAA Report NA~68-36 for the purpose establishing test
criteria for ruvle making. Toxic gas limits obtained under the burning con-
ditions of the UBS Smo - Apparatus were sei for HCN gas at 20 ppﬁx?ld
HCl gas at 100 ppm. Wo cre set for €O since all materials gencrate
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this gas ag a natural process of cowbustion. Other toxic gases that occur
less frequently were )&nv‘vuﬂ o show levels of concentrations that would
not be wore lethan than the lev 31 selected for HCL and HCN gases because of
the lack of data. The EﬂlTOVixf ay at a JOlnt meeting (See February 14-16
Trip Report) of ATS-100, AA 1-3(', and ARD~500 undex the direction of H. H.

Slaughter, presentations were mnade egarulng the tentative toxic gas Llimits
established the previous day. Tom Lee of the NBS discussed test procedures
and the dQV010pTﬁﬁ“ of mnew analytical eguipmant for measuring the gases.

Dr. Mohler of ArI-100 discussed CAMI's interest in the toxic gas ha¢ards and
the etudy sponsored by his division on the lethal effect found on rats exposed
to various concentrations of toxic gases.

A joint meeting was held at NATEC on March 21 with personnel of ATFS-120,
ARD~520, and ANA-400 to formulate a test program in response to the needs
of Flight Standards Service. Progran funding, schedules and goals were
discussed and agreements were reached on the preparation and scope of a
Form 9550 for AFS-120 to initiate a NAFEC agreement.

Objective

It is to be anticipated that a large number of tests, as previously performed
to obtain the data for the smoke levels contained in the NPRM awaiting
official release, will likewise be required to provide sufficient data on
which to baoe toxic gas limits for future rule making. This is due to

the wvary wi variety of plastic formulations represented by the interior
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construction and furnishings of passenger cabins as shown in the materials
table contained in FAA Report WA-68-36., In order to set effective and
realistic limits in terms of both providing adequate safety and taking
full advantage of the latest developments in materisls technology, it
becomes necessary to evalvete a large number of materials covering the
entire spectrum from those now in use to those that may be considered es
promising candidate materizle in the future, Towic gas concentrations
will be measured under both the flaming and smoldering conditions of
combustion as provided by the 18-cubic-foot I smoke chamber wvsing the
latest analytical equipmant, The data obtained on 3-inch-square sample
materials in the nowminal thickness used in the aivplane, up to one-half
inch in the case of seat foam, will be analyzed, Based on the data
recommendations will be made to Flight Standards Service for an appro- )
priate test procedure. Maximum ellowable limits in ppm in aivr of the majox
toxic gases will be provided to AFS-120 for rule making. A ceiling on
toxic gas emission will bar certain types of plastics which generate

larce guantities of HC1 and HCN, such as for example the chlorinated
vinyls and wodaccylics, An esgential part of the test program demands
that the responsible engineer keep abreast of new developments in polywer
chemistyy that point to rthe future availability of safer materials that
are etill practical and coumwpetitive with present cabin materials., This
type of expertise can best be achieved by meintaining close personal
contact and cooperation with engineering personnel of the major chemical
companies; the airplane companies -~ Boeing, Lockheed, and Douglas; the
technical societies - NFPA and ASTHM; other goveruwent agencies and

through a litewature search for new products in magazines such as Modern
Plastics. Recent efforts to establish a maximum ceiling of 20 ppm of

HCR for an NPRM ruling on toxic gases illustyates the process whereby

such numbers are selected. An analysis of the NBS toxic gas data on the
140 materials tested had shown that although scme materials such as the
modacrylic fabrics and rugs exceeded by several times the 20 ppm ceiling,
recent materials development made to meet improved f{lsumzbility require-
ments,has wade it possible to eliminate this material from use in gir-
craft. Another important consideration is that the toxic gas measurements
utilizing the BBS apparatus are based on unit arez rather than unit weight
of the test speciman, This permits the use of materials such as those
serving a decoretive purpese as a thin section or as an overlay onto
possibly a honeycowb or aluminum pznel which cotherwise would be barved as
too toxic in a thicker specimen.

D

No tests with animals inside the MBS chamber during the emission of toxic
gases are being contemplated at this time., Such tests are planned by the
University of Utah under a RANN 2-year and three~quarter million-dellar
grant.

Toxic gas tests on animals such as contained in CAMI's Report FAA-AM-71-
41 dated Novewber 1971 are of interest in attempting to set maximum
concentration levels for rule making that are not only practical but also
safe.

<



Test Facilities and Instrumsntation

The fire test facility in buildi 203 will be modified and expanded
to conduct the analysis of toxic gases penerated inside the presently
available NBS-AMINCO Smoke leasuring Test Apparatus.

The concentration of the toxic gases resultinﬁ from the burning of the
3-inch-square test apacimens inside 18-cubic-foot chanber will be
m2asured by (1) Drager Colorimetric tube (2) Or%oﬁ Specific Ton
Detectors; (3} Perkin-Rlmer lModel 267 Infrared Spect: ophotonater; and
(4) Mine Safety Appliances, MSA Infrared CO gas Recoxder, Model 200,

.
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Initially materials will be selected from these now insialled in the wide-

bodied jet transports Toxic gas data are lacking for the .nr recent
materials introd i i since completion of the IBS 19066-1968

tests., The

needed to as
intended f““

the total of nw&el a‘s teste 1 will be liwited to 60 or 1ooa, in additi
as the test program progresses, materials furnished by industry that
appear promnising substitutes will also be evaluated,

o 1

vtance of Boeiug, Lockheed, and Douglas ensineers will be

tha; a re; ntative sampiing of all nodern matrerials
CUTJ.ul d to NAFEC., Tt is estimated t

Test Procedures

same merner as with the smoke tests. OSmoke density measurements will be
made simultaneously with the toxic gases readings. The only continuous
measuremznis of toxic gases now available is that of €0 gas. In order to
a time-~history for other gases, it will be necessary to make individual
neasurerants either using the tubes or using the ion detectors at various
intervals of time such as at 1.5, 3, and 5 up to a maximum of 20 winutes.
The coleorivetric tubes as with the NRS 1966-~1968 tests for NAFEC is

zpected to furnich most of the toxic gas data because of its relative

iiﬂllCluy of operation. The specific ion electrodes will be used as a
hackup measurement for HCL, HF, and NHj gases which readily ionize in
vater solutions., The IR specirovhotometer will also be used as a back-
up instrumentation. This instrurent is not selective of zny particulax
component gas as the other two mzasuring devices. This instrument
provides an absorption spectrum of all gases in the total wmixture sampled
‘and thus in effect provides an individual signature for each material.
From a knowledge of the fluency at which different gases absorb radia-
tion, it is possible to identify the deflections in the percent trans-

ssion curves and relate these both qualitatively and quantitatively to

a particular gas. Thus, this type of record is useful in isolating gases
that may not be suspected.

Preparation and burning of the test specimens will be conducted in the
sts

Since the emission of gases is not only dependent on the combustion
process but ziso on the composition of the surrounding atmosphere, soma



tests should be made at lower than Zl-percent oxygen to simulate en
oxygen starved fire. This can be done by intreducing nitrogen gas into
the NBS chamber,

A. TLaboratory-Scale Tests

Toxic gas mezasuremrents using the more sophisticated analvtical
devices (i.e., the specific ion current weasurenents and the IR yradiation
ion spectra) are new to NAFEC personnel. Training in the use of
ipment is needed since its proper operation requires a knowlec
dstry and skills in the handling of chemical solutions for the
) rs,  Procedures for conducting several tests simaltaneously on 2
nurber of different toxic gases have not as yvet been formalized. Due to
the velatively leng list of possible candidate materials to be investi-
gated within an 8-month period, it will not be possible to conduct very
extensive tests on any one wmaterial to characterize its decouposition
products completely, Thege‘proqucts are extremaly numercus and complex
as shown in the NASA-Mouston R&D off-gassing studies of spacecraft
materials.,

A winimum of six tests, three under flaming and three undexr
smoldering combustion, will be conducted on each specimen using the
Drager tubes, An IR xpectjoﬂrum.w1]1 be taken for each of.the two modes
of comwbustion on each specimen, The spectrograms will be scanned to
identify the major individual gas corponents of the air sanple. 1In
addition to CO gas which will be recorded continuously, the mzjor toxic
gases to be measured will be HC1, HCN, COCl,, HF, SO5, NO - 1Op, Nilq, )
and 128, All these gacses, with the IlrSt two predominating, were reported
by WBS in the 1966-1968 tests for the cabin materials, Other gasaes may be
present such as acrolein, hydrocarbons, and aldehydes. lowever, these are
not. expected to cause a severe toxic harzard., But, since many unusual
chemical additives are used in the formulation of plastics to make these
flame vetardant or improve thelr properties, caution should be exercised
against the possibility that a new toxic gas substance is not introduced
in cebin fires, Knowledge of the material formulation can serve to pin-
point the presence of a suspected decormpostion gas so that it is wost
important that the chemical composition of materials tested should be as
cowplete as possible,

B, Cabin Mockup Large-Scale Tests

Toxic gas measurerents will be conducted at different heights
and locations inside a wide-bodied cabin mockup. Test specimens varying
in surface area from 1 to 9 square feet such zs floor, sidewall, divider,
and ceiling panels as well as cabin furnishings including seats will be
subjected to flaming and radiation fire exposure both singly and in com-
bination. The test procedures will be similar to those used in the e
Lockheed-California study of smoke emission in the L-1011 mockup, except
that toxic gas detectors will replace the. smoke detectors except for the

o P T I | 1
one overail

stector extending 9 feet in heisht from the floor to
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the ceiling. minivum of four detectors placed 3 feet and ¢ feet above

the floox at the center and at one end of the wockup would be desirable.
MSA LIRA gas recorders would be used to measure €O gas continuously as in
previocus NAFEC lavge-scale tests, Specific ion detectors would be used

to measure 1HCL, HON, Hb, ete. as described in USAAINROL Technical Report
72-52, dated Wovember 1972, covering large-scale helicopter tests conducted
by Axthur D, Little, Inc., for the U. S. Arwy, Fort Eustis, Virginia.
Funding and Schedules

Preparation foxr the activity including purchas

training of NAFEC personnel at NBS, and contact

to obtain cabin materials was completed in April 1973

the test program, provided thait cabin materials and dAmLytical
are available, is forecast as of July 1973.
Funding for the balance of Fiscal Year 1973 to purchase equipment

is approximately $15,000,

Completion of the laboratory-scale tests is scheduled for February 1974,
However, procurewent delays have already occurred from lack of funding which
may extend this date.

Completion of the mockup-scale tests, unless run concurrently with the NAFEC
lebocatory tests by a contractor, is scheduled for Dacewvber 1974. This is a
very tight schedule reflecting the urgent need for the data by

Sexvicve to iwplemsnt

It is estimated that
mockup and providing
Cost to contract this
July 1974,

Manpower

a toxic gas rule at the
$25,000 would be needed
the necessary

effort is estimated at

It is estimated that 4.0 MY engineeving and t
to this activity. An additional 3,0 MY would
the mockup-scale tests simultaneousl

earliest possible

for preparing 2

instrumentation to conduct the
875,000 and could be’

echnician tim2 would
be needed to set up

suliable cahin
in-house

tests
cowpleted by

be allotted
and conduct

y with the laboratory-scale tests,



