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jp— TU. JT» JT A f | t /
j^ ,A J tU * % J  I  Jt f  JR* O  V* 1VJI iV jU rluI\ A,

to a h  p i  an p n n  tut? mryffT (ì p m i n t  n n  a i t f r  ma tt vtt « t o  a w ifeS V Ia t l r  * J y ^ n i i i  P J t  n r.* MJrXLi w " -¿ Ij\ Jr r  i r x J i f l t J. U fJ j  A J y  J. JoJEU  ì / 2* MLX f  J & o  J l \ J  A r  P  r

n  a r*vr* n  n i  itoti » a L l i l i  « L i l  U ri I I

AFFF is a vital pompGmxA o f Navy and DoD fire ] 
of iit€>3 pool ftrtis whon

Pool tìirsEl^iis fai^h vaino as sots ^sucl) as uà sitCriafl lisn^sr^
W% ^  |i jH t lim.-L ^ 'L j ' l . ' l l  Jl gl-ifT -n ’X1 1 J - I  r» mi -  nj-n .-,, -, f  r -if r . t  IIIIÌII ~n iii m |, /* __ '•■ % q* A - n "u rri. E iliilT if  ~  ̂JL~L jP l  .  J L, -([j- à ,m Ih. '|' n , m 1 r—■ x ooi mm occurs unocr an occî isq aircran ̂ roust mamiam mscia^c- unsgmy

protection foi rapid extinguishment

Pool tire exposes ̂ reapons to potential cook™off* (e.g*, aircraft earner flight 
deck)

•  7  F h à    8- - -- . JI   ? —.. liL — 2 j- i -** m-£~ mtj s© ^octdicis jjnppo O-Uviuan sscijoì*

ISSUES

Persistent

Toxic

Secondary effects to air, water, and wastewater streams

• Aquatic Toxicity

• Hazardous Air Pollutants

v
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• No currently available 1 ; I replacement

_ Reduced performance for equal quantities and application rates 

_  Space, weight, logistics to meet performance equivalent to ÀPJFF

• EPA “A program to seek, test, and consider long-range alternatives to current

APPROACH

•  Three task mens

— Task 1 — Assess uses, inventory, required fire protection performance,
appropriate environmental criteria

î rKMTitrssiJ uŝ ŝ ^̂ nd îsfEorts fir d̂rt
decks)

sag- ___« -1r1 -,5, ,8
4 W1 T i  u _  I  % 1  f - f f ? -  —■ *•  I WO — r u ®  KjKU eliOrt

_ Task 2 -  New Agent Development (Mid-to-Lone-Term)^  & ma* jk. * atr r jr a , AJ4JW AA a* ma** am 5 •'■ li a** jjna *.**,**, B %-A ■Oitm'ae*’ w ar n lir "fe f̂r*mm’mm*j§f

• Physical Diodslin^sc^uiiii
- | j  * j  «  m a,® t....j j_ ‘yfui~fi"1'\\ t

Taelr % — à TM«lntAlnm/ T”ì̂ tfi>ìnnfni>ni (Q „lufi/f.Tprm*"1—  1  « & &  <> i ^ U V a i i w C U .  3. c W i l l U i w g j  U C V m y p i l l C u l  t u - i v u « "  1  v i m )

T ask  1 -  A SSESS M EN T  AND F R  ÏO R ÏT ÎÎR T 7 ,ATTONJt W wHfc, M,  VJLJLijL" M- Æ w , M , Ml W v Æ. Ml \ j ? JL

Objective -  Outline rationale plan with priorities to replace AFFF

• Identify uses and required fire performance of agent based on ORDs

vi
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Task 3 -  ADVANCED TECHNOLOGY DEVELOPMENT
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A, Introduction

1 C  <s12» u

extineuishine flammable liauid fires Within the Navv and DoD. it is esneeiallv critical for fire

ihjteirtssijied.

hydrocarbon surfactants, solvents (e.g., glycol ether), and other minor additives plus water.
AFFF

to violate environmental laws.

adapted to these restrictions with modified or improved equipment, techniques and procedures
¿° ̂  ’f'f-tUJ-U m 4- TO XTL, T~T —~ TO °u H J-T ‘i **• «  I— -III n- n -| - .-- ^  . ® -_- ¿'¡'4 \  - -  J. ̂  J-1 iit  M  a-|- .  ,  m || W y ^  .y ,  ^ j~, l |  S „ |̂|, j t  ~|" 1= w_ ,...„^aiocii in aorae cases ax a mgn cosy, meceiioy, lie  Jivi company, a major supplier 01 ¿ \rrr , n »
arirm tin/«f»iii i f c  v A l tm ts t r i r  n l ia e ik .A i i t  A-f iw v )T iA tiA r\ rvF A  W P P  Thi® f l  n  A rn riit t4 v in  e i i r f a ^ f i iF t i  I n  ib t& irarmouiiceu its voiiffliaiy pnase out or prouuciion ox /atr r .  m e iiuOiOvaiuOB stxo,o t h  in uxeir 

AFFF degrades to perfluorooctyl sulfonate (PFOS). PFOS has been identified by EPA as 
environmentally persistent, bioaccumulative, and toxic to aquatic life and animals (the degree 

Y8H6S oy spccicsj. ¿%s a rŝ stiit? tucy may do cii83^ct6fiz£u as r u  i (jpsrsi susiitj oioeccuiiiumu vo 5 

and toxic). On October 18,2000, the EPA proposed a Significant New Use Rule (SNUR) under
"Section' 5(a)(2)"©f ■ tie  Toxic-Substances-Control-Act(TSG A);.The-SNUR-’would-reqiiire ■

manufacturers and importers to notify the EPA at least 90 days prior to commencing with the 
manufacture or import o f the fluorosurfactants that 3M has voluntarily agreed to no longer

fluorosurfactants; EPA is currently evaluating other AFFFs to determine if the by-products

US00008122



_ * A _1i_ * —jLi — * . — 1 — -- JL—, 1 1 t  J1 j T \  Tau_. jmL   — —.-.— A. J. ^  ¿-1 J.JJ, 4.1% .?*». f  A.*«, |'"% |_J mmajm, h h  J  T'1t im 7 — n . .-,. -. . -n m -nr Texhibit characteristics simtiar to JrbtJv. In a recent prcsontEiion to tfic u o u  Jr ire and Jbnid^Ecy

be aHectedServices Workgroup the EPA noted that non-PFOS based AFFF products mayOi?I. V1W22S ▼¥ U l a g l v i i p ;  ULKS7 JGrJT JTk l lv l  I C u  U la k  H u l l  JT XT v u  v«*& vv. -T il 1 i  J p i v v U v t a  MWljf

nnonitiD FPA reviews and mav be suhiect to future reculatorv actions EPA  sub nested that av i i g v i U g  J_>1 jrTk  i V f  I W W * S  l / v  ¡ a v i - y V V l  l-vr i l l i y t V  4 V g V i t i t V i J r  i a v U m I I iJ» Jw A . JTk i l i * g g % |a i - w  U i w l  **

A preliminary review of the issues was conducted at the Naval Research Laboratory 
(NRL) Technology Center for Safety and Survivability [I|, This meeting, cosponsored by the 

Naval Facilities Engineering Command CNAVFAC) and the Naval Air Systems Command 

(NAV AIR), was intended to assist NAVFAC in the development o f a DoD design policy for

environmental impact This
policy and supporting documentation has been drafted [2]. The meeting also was used to obtain

by

MA C1 il ¿ m£j

and Development Plan has been completed [3,4], The environmental issues associated with 

course of action for resolving the issue.

B,

AFFF was jointly developed by the 3M Company «ad the Naval Research Laboratory

(NRL) [5] as an improvement to protein foam. AFFFs are synthetically formed by combining

with water. the resultiiic solution achieves the oBtMyin surface and interfocial ten Minn 

characteristics needed to produce a film, which will spread across a hydrocarbon fuel. The foamJ r  ***h*®.j  *** » * * *  , - j - *,*■ »* </ **'»*•<*-«. * «  « *  w w k * *

produced from this agent extinguishes fuel fires in the same watar-coolmg and vapor**excluding
fashion ■ ■ as ■ ■ other1' ■ foams ■ ■ (s *g»» protein ■ or fluoroprotcw ■ foam)..Hoiv© vet  ̂.the ■ ■ solution ■ ■ vduoh ■ ■ results
from normal drainage or foam breakdown w il quickly produce an a q « o *  “film” which spreads 
rapidly and is highly stable on the liquid hydrocarbon fuel surface. It Is this film formation

a * « » - *  s s  ft*  a ___ _- 'I ^ ml, Jk - " « . ~8 f  - .. X  T .. „ *  -.. —  _ S - \ — — ---.a. ST ^. — .6------ --.  __ ST  tS O T 1. f 'V  —,cnamcimstic tnat is tne si gni isiuiie ox A rrrS .

2
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. The current
MIL SPEC, MIL-F-24385F, includes fire performance, bumback, environmental (BOD/COD 

and fish toxicity) and quality control requirements 17], Vendors are required to report fluorine'tnntn iITTi ilti tnii E A A A fA A  A A  '*t‘*‘* A  — 3 "ftp *** A  11 if j,. ’W AAA**** A A "  »=* S r JB ® w  ***m W*e *** ■ **' «A-«“ '- “ P ^  ^g; "ft*®®8®“ — W*** Mk ******** ** P®***

. . .  JL, ...*.M  — - .-. f  ■* .. . .-  - -■  ^ m—n -i I—I n [f- m---------rn - i _ .  ¿a. m & t  **. * J  * f  T<L* .  .-H n -r-irirmiT .- ,  -in -f- < , . T n 4  ^ _ t  ,  _  . £  i l -  _content, there are no minimum or maximum quantities specified, flie current custodian of the 
Mil qp-pr IcMAVQCA rrwiift rm1*111# O'* ¡Lj\s 12> A'tJHk V OJjii vJJLi

m a y

on

air-canable shim is reliant on the suuoression eaoabilitv o f AFFF. AFFF systems have been■** 1 -*# * ******* **>+■* ***** *•

cook-off [9,10].

.  ^  .  " " "

clisdiiirge tfas sgsu't using tnoii'itSiT jsspirstm^ €xju.ijpiiQ1̂TQ3l* Xlus jsiII.o'̂ vs ilfa© us© ojf
f*
An Af^FP wlntiAn tvnipii!1v Hsic a inw«c m * n i  j r i  d M i u i i v i i  M3%£» i i i u w

,  i  J ^ |jy  * ^  C l

air aspirating discharge technique has been used advantageously to increase the spray reach of

and turrets, compared to protein foam. Combined with the

sufficiently to float it on the fuel surface. Aerated foam does not spread well ««d must be

......Nacvy''ain3a£k''Catxkir''flight''deckS'and'''Wê oiiS'' M*gigg-*»*fs»#'rciy ..Qir fluahdeck andrdeck
©clg© noivair ¡uspuTEtiiiig uosd©Sf Tij© of" AFFF throujgli uoit*8ur uspimtiug nozziss

rl "’!«*,£» 4mr»%%v%%&%■%%£& tm  ■*%/•%■#• 1 # 1 h i»  I v i f l r t r t r  ® 1 ■#***»■• i n  4 < aci4 ci n r ^ n / ^ h i i r r f 'jS i/4  t i n  T V T 'D T  fr**-#* ♦"t* a  T  ! G  A  ■ #  C V v *1!>%ai ns leonratjue is not iimitcui to me iNstvy iiiiuc, in u#$is wQuucigq oy inkjl xor ms ud Air rorcsj
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rescue

„  Ä  _ _ ___a  Jl «̂1 »«te »  ä .̂ ». f  1  ^*^*1 A i »  ä . a  « . ¿*m.ÁrA 1&.«* e jt-  ̂ ,-., Y  T-C Î A  X ?  ,A¡ f r -—  .*, »&  ,f~. ■ # -n.-. m. -¿- *-. ¿JS -¿.X. »  a  A  V 7 Y ? 1E'? f—. —— —compares to air-aspirated devices |lzj» Also,, tests oy tte  UbAr dernotistratea trat A r r r  ironi

Where

overhead AFFF sprinklers are currently specified in DoD hangars, non-air aspirating sprinklers

«*e

is
aviation community. The National Fire Protection Association (NFPÀ) Standard on Aircraft 

Rescue and Firefighting Services at Airports (NFPA 403) [14] references the MIL SPEC where

agent is required- TMs results in larger or greater numbers of CFR. vehicles. '

methods may be used. For example, the petrochemical and marine industries

Concentrates [15] or a similar standard.

C l ^ i  * I*
* i I D J c C i i V C

i cenerallvb .
f F, ifjtiid

reference

environmentally
acceptable alternatives to AFFF for flammable liquid firefighting. H is  R&D plan provides a
... - I 'u.  4  , in J | |  n f  ... ... 4 J  ... .  - ~m 11 r m -j-lj . J-Il t  HUKL'tW. hi i f  t  n  J V  ■>, tr-e — __  —_ A  11 -_— , - "t ,  _ 11 in ii, ni. _ L i i |  - . j .  A  T"? 1-p X 7  A  mtBCOuCcptUflJ, p iu ll Of omQuu ; WliH S u p p o ru ilg  lcIcrSiiCOS» to  GcYciOp icp iav v u lc ilIS  l o r  A rx*Jr« A m. 

approach is presented to address near, mid, and long term goals. This allows RAD flexibility to 
respond to near-term opportunities while pursuing a long-term goal of developing an 
environmentally fiiendly firefighting foam. The emphasis of tins jR^TJ plan is on biavy fire

4
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II, GENERAL TECHNICAL APPROACH

A „  .. -tl j _  1_ '| .  ? _  „ I  .............— ... ._ 1- ¿.a*. ... , — ^   - J  4 a  «I a v m I a m . -  M  -  •• yt —i 4- ni — r  - - i "MT j -̂mw *• A  j?w tt.nma.S’A wO‘|*|M.th t6Coiiic3l approsteli is proposcci to w^vciop stiwfiiEuvcs ■ New A^cnt 

Development and New Technologies Development Prior to i thfif£

would be i  task-planning phase (Task 1) that would produce a roadmap for the research. This

AFFF as it is used by Navy activities. Subsequently, individual development plans, revised
Tf% ¡¡H* I  * « 1  A i t t «  ifs-~  --1 _ ' I  |-| « _-|t &u ■ -n _- I UIUI f  A  S \  ny-t T  J"ft j  ||  1 1  r i . .T |ir Jr ^ IffllTlI |JL~tt jTj 4  4* » f 'l  g— -g g |fl I, ||| l.||"||| i|—n |-Q[ it“
l̂ C&IJ1 pidllì3r V t̂jUs UpOctiCk» Ol Ulli) dliU w I CWilIulUgj1 I lali&I UUil * JLCU.1 WUUIU UC3 Jpi Cjp*X*

Under the general task se a  New Agent Devdopment (Task 2), novel chemical and

Alt6imtiv@l y j other surface “tension reducing technologies vviil be investi gated ■ Ooaciin&ut vnth

HICI jiot iislî sd i

and chemical/physicsl fb rcnulations and techniques« At the very leasts this effort should result in

bench-scale methods that comdate with M -scale results. These bench-scale methods could then

scale tests currently required.

The New Agent Development approach represents a moderate-lo-high technical risk and 
will require a mid-to-laag term (3-6 year) effort To reduce the technical risk, there will be a 

parallel effort to develop New/Advanced Technologies (Task 3), In this effort, it is assumed that
< ,  ,  « •  < j u ,  + f i t  / A U v . n R M V  .  t  l  *  1  * * 1  % « a  -f «  •e% 14  e»»«»* <3 ♦’■»tt r<a »*> f \ »yii j* 1 f (  ' (  1  I \ !  i  n  Z/'v#* t u t  I f  t% #8» a  v  ici t i n  rt I jo ip w%<** tci udu v %2 Qoinmeroiai-oii-mc-siieii x oj ogviiia ajiu/or uiuiiwuiv wm ucvvinsi sYiiiLuoic m

fie near term (1-3 years) fiat can be used to meet fie  operational requirements of certain Navy 
iino jjcijj users ana annix cati ons« oincc incrs is no kimiwh on^iof-onc Eisni

systems to use available foams. In this task, new delivery systems, equipment, and devices will

US00008126



on lEClUdCu Ul tölS t&SK Voll Dß tfliS

m TASIC 1 -  ASS1SSMFNT OF THE PROBLEM AND PMORITORIZATION1, A 3 B ,  JL A JL vJT  * M ß  JL Mm X P jOJU JE* i¥Jfc A l i i /  *  m v l U  1  V  A U I A 1  * V i i

The NAS and Development Plan [3,4] summarized a strategy for identifying an AFFF 
replacement. The NAS recommended that:

1.

2.

3.
4.

5.

6.

use

m m n b t v  mnii 6 n v iro n fll6 E te l u tre sh filn s 'T, / * "̂5
ffiiMmce be developed on the defimtioi 

Short find lon§ temt goals be established;

«4

uses; and
Y * i m r

discharee& mto the ßüviioiMßiito

tew- i  tei i  »te -r •, ~  mill, te ft.te te ft te te ft ft ft -te -- ftteftte .
M A v A I m f  A1 T ltagfl ♦o©l/'o Prttififttti» fniririrtn in itia l l?Jcl’Tll P rm fte

 ̂  ̂ J  ̂̂ ̂  ̂  ̂l'' 8

This task would involve the characterization of the Navy inventory, quantities,
finnf»pmtriitinn« Ei-rirl W afiftM  o f  AFFF titnrps Tt wmiM d en  infliidft iKp* twiF<j n f hgi* attd alrrriir. . . . JMSSMWt.a U U I l a j ..a l l , U ...JM A fll.llU U 5 ..M i ..O l ... 1 ... 1  3 I U 1 6 3 .  1 .1 ..I1 . U m u ...a l¡ 3&J... J ilw l.lA .A ifc...M iW ... A Jf . |J  W *3 ...M l .. .UOfes ...£U1 AI*)....iM M .iijj,.

A similar approach was used in the initial assessment of halon alternatives.
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friendly” so that researchers working on long-term soluttons to the problem have appropriate

goals/measures o f performance. The definition would be cast both in terns of current and 
anticipated regulations. The definition will consider, persistence, biodegradabtlrty (e.g.,

-£*— ... ? 1 ~A  - == ^ ,  '  'fe "j'&_ - Afe T  A  A i  iS-H-. — V ”*, _  1  ^ ------- rt.«*  A> £ i l  A  ^  - ,. _j[ „  . «  ----- ---- ^ te«« ■ 1 _te « ^a. A  ̂  __ *_,== ̂  _ r ^ f " l  _  . * l  ̂  _=u —u . ---- ------------ „= «¿Ate rftefacilities. The NAS, the Development Plan, and a recent regulatory review p j will serre as the

Additionally, the regulatory environment will be monitored. Newly released data will be

Prioritization of R AD tasks

anticipated regulatory environment. Test and measurement work may be required to fully 
develop these criteria; this would be performed in a Task 2 work area as described in Section IV.

Based on the definitions developed m Task 1.2.1, criteria will be develoned that can be

C ? 1 * Ä j n i *  #% 1  . n-te  amm-m, * *m*~ t. ■ ■ J .  M \  ■ 4-j-ij JF l‘t.wt *W T dkH fit  j  p T - i S m:‘l E-l ] -i n  . r f  |  1. 1 jj .m i l  4, r  i i f l l  n f  J j l  A  _ _  * 1 .  .  f  * f  * . . f *  V |  1 *  - ItmP̂ CiuI requirements luriisvy oQipSj psnj,ci*iHny rcisicd. to ins uiuiufiii i>«uoiisi
F tfo p  |̂ «É-***y ¡p» ■ ■ ■ jß f a t i  wt<il ' ' 'ft' 'TMT^'CS\ m ii 11 ' ' f*y»' ' ' |lp .f w t  ■ ■ i  f t  "■ m  ■ ■ w its  fWjpw # «1 ■ ■ä |4  t  p.f4 %*.........IJiöWifligC 0|aiiMflU.4JÖ ß3 Will UG WIISiW%Gy Ml «C fCIUpiUg CM ¥ II WiMlJvlitÄI Vl 11*711«.
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This task will be use# to develop short, medium and long te rn  goals and

! considered tt

D r*«  j  «  j  w j  * » J  I  j * __*_ j® ’M i a « » # !  ta• -ï »AStm JL♦*» «a. jEjESĴ Sr*wSis»fil AiA i » ¿¡jf f t,*

transfer priorities. In some situations, there may be an Operational Requirements Document

assess
. _ ...- miw -# _rn j t  A  __ f T mi..-1 ÿ inn lumi in mi j  *>... T. _-.. .jg.'f - f*  hiiilm¡‘j  _ 'l 11 li«I if ti j"„ - - A i r t j  L'L '-̂ .-ii T |  x il lx  0~i - ."■  ■ -f- ,-jp* nuin .¿~\ n u l  ur  -7,----, \  s~\priorities * .as a nrst oiucr appro/unMiiuE ox pnoniicSj rapici ore vXUuguiMnieiii 01 pool nxes ia 

«isiaerea cnxicai wfien* iii§n value assets ate ievoivccIj aixuraxt occupoui saiety is a ractor, aiicL, 

weapons are exposed to potential cook-off.

a

- «, _^  J| 1 .« ¡-t t x Ti , ¿A*%***.+■ 11xjseo 10 au inçiuyu.1 * a ne 
îiü̂ îhi: value mxi O ẑ3̂ pn̂ i-y

While the use of JP5 and IPS

radiant heat exposure that can cause cook-off may he relatively short (e.g., seconds). The fire

order of one minute as Is currently required. An increase in extinguishment time {e.g,» using 
COTS non-AFFF aeentsl mav result in an increased orobabilitv ofweauons cook-off. This also
............................._ ......#..... J................................... F ........... J .....I I . ...........................
assuiues mat nusn ueoK noEzias cixir^iiiiy uscu to uiscuafgc a t  r  r  can De uscu xor uie 

placement agent; in the near term this is unlikely as all non-AFFFs require air aspirating
___ fnOZZICS*
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Similar hazard assessments have been performed for US Navy aircraft hangars [16] and 

for USAF hush houses [17]. These hazard assessments were used to assess risk of loss, and

impact of design changes such as the type of fuel used, ignition sources, detection time, and 

agent extinguishing effectiveness. These assessment techniques would qualitatively be used in a 

first order approximation of rank order of prioritization for Navy and DoD assets. A first-cut 

matrix is provided in Table 1.

Table 1. US Navy'
Prioritized AFFF Applications (Preliminary)

Application Relative 
Priority *

Rationale for Assigned Priority

Ship -  Aircraft Carrier Flight 
Deck

1 - Weapons cook-off potential
- Need for occupant rescue
- Greatest potential for immediate multi-plane incident 

due to crash into pack of aircraft
- Minimal separation distances between A/C, between 

ordnance items, and between A/C and ordnance
- Proximity of threat area to occupied areas
- High value asset
- Potential for battle damage

Ship- Helicopter flight Deck 2 - Same as flight deck, but:
- Less potential for multi-plane incident
- Lower parking density (greater separation 

distances)
- Lesser amounts of ordnance

Ship- Aircraft Carrier Hangar 2 Same threat as flight deck, but less probability for sudden 
multi-plane incident and less ordnance

Ship- Helicopter Hangar on Large 
Deck Amphib

3 Less ordnance relative to aircraft carrier hangar

Ship- Single Helo Hangar on 
Small Ship

4 Single aircraft
- Minimal ordnance
- Negligible life safety threat

Ship- Machinery Spaces 3 High value asset, but no ordnance exposure and minimal life 
safety threat

Shore- CFR Apparatus 2 - Need for occupant rescue
- Weapon cook-off potential

Shore-Aircraft Hangar 2 - Concentration of high value assets
tore- Hot Refueling Stations 2 - Need for occupant rescue

- Weapons cook-off threat
Shore-Hush Houses, Fuel Farms, 

Structural Pumpers
4 - Physically separated assets

- Minimal life safety threat

* Priority relative to need for rapid pool fire extinguishment

9
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À» Task 2.1 •

S i
a8en ŝ

feasible at least in the near term The fluorosurfoctsnts provide the necessary surface tension 

reduction of solutions to create a .positive spreading coefficient on hydrocarbon fuels. Yet, 
research and evaluation of test data by MRL, Hughes Associates, Inc. (HAI) and the Federal

coefficient and fire extineuishment/bumback resistance of firefighting foams 120.211. There is a
IiiipJc. of carrelabon fĉ twcfcsi c$i€3ni ce!/piiy siciil properties lypicslly m̂ Busuurcrf fox fosms sud tiro
...... __ =_penormance.

maM MA .  «mm 9êMA mêmmb « A A £ . M ' A  9 M .M  A MM 9 M A  9
l l r t t *  I a  A  I r f U l ?  * «  ms jiiii~fr4'f-i- “ n  i  irii-#-TiT‘t*i-ii*'^ ■+rt A f r n  n  f  -n  f r t f  4 .1 - . - . .^ - — m  t m-ir-n g-ii  n i  nil .- r T _  r 1 i x - i- i T -f-_i_T  .  t ., , ■■iL i 'll f r u i t i  -~l i  \V? OU© t̂lP i* X ivi cl f 3̂TijÇri 1 TC BcLfjjjlOiOgyj OuHBI*© lo fVllTjPf * fe* yTl Jty~ 1 1 ItilTjftfi

¿“% 4% ■iNÎlsr-igS: gisV*irï. 4%ü*Ti -s £M é^-bmi Ë£k'%Jf4*4iHg nr*5 14 g*s1*% g irà ¿%.y*Ë*ï~ f l i  1 if "Vis % Ŝ i iTW f i% ï l f Ÿ i l3  1*4"! ¿31“®® fl 4*%, 4lL43CÜ4£feÉ3S?1 4̂ 64*%ü5 Ì44 âa.im i t.j|.c n i.îaLuiIn i 11fey 1 ■?» y i  cjnif-i» ijf il¡feytf■ ftpi 11. |/jl » fit ||"gfi.t.ii11iitf?L t«.ran|.ij>. in Uluvl lv UuaMlIlC

two-and/or three-dimensional hydrocarbon fuel fires. By establishing the governing equations,

.parameters,..laqpeffmmBl work can iheh esSBtisfi tie  'ctonelaioh between ®  governing
r jjg evaluated.

design of appropriate apparatus to measure relevant foam parameters. General Annulations of

11
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on

as

boiling point o f the fiiel, and the fuel vapor pressure will approach atmospheric. The fuel surface 

is subject to heat flux from both convection and radiation, with radiation dominating. Regardless 

of the spreading coefficient, a thin layer of water, the film, probably cannot survive on the fuel 

surface.

covering layer o f foam. This intuitively seems reasonable^ if a film alone could extinguish a fire,
there would be no need for foam. The foam would onlv be needed as a reservoir source and the■ * ’
f ilm  HfrtitW cnrianrf in  n il rfimrrfiAne mnA pv fin m n cii t%%m fit-« T+ to ItmiMVM’ fk»# « itan  Aljiyi?i i im  w o u ld  b p rcaa  in  a n  cuicciioiis» a n a  e x im g u is n  to e  n r e ,  n  is  la io w ii, o o w e v e r ,  m a t  e v e n  A r  r  r

If foam is
feeing sdlded, to ^ ~wx)|jt to sptSEtid. *f.ln? iQie ftiain ctjv^er lbs s

Tfcwe a, oi* the d^ciisity viseosity ttod, sisdBise tensions

thickness of the foam is a tac tio n  of the mass and density of the foam on the surface and the
*m.j***m 8 r-n iiiiid̂TL ^ rfv p -I -y. J*S rrn-i j-'-i -¿C . JHl n .i-n J~~ i i  -((-1 ,  -1 ^111  im4 y 1 i  f ^ XMTu ji'iĉ U ,'lu Jk). — ¡f*' 'f  %,■ _ ■  ̂I  1  n ̂  j  f S titniL ^dec» cuverecu m e inssi> ui loaui oil toe sturace is i  luiicuoii pi uiv auuiuQii r&ie, uic loss rsic tnie

function of the surface area and die heat transfer to the foam surface. The mass of foam loss to 

drop-through m a functicm of dnutaiiig time» foam depth* area* i

Tfhs successful development Mid validation of a fii© model willj at the leasts *
be useful for general foam evaluation. This would represent a significant leap in the technology, 

which is now reliant on moderate- to full-scale fire testing. Complete development of the scientific

12
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„  T  1  a  JL Y '1 ^  a  €  ’ t i  T i i  i  § A i  . _ — — ,== = .=*, 3 M? A  Jlz  — A — £----- i- — = — ■•■11«. ~.— -* — ---- J  ^  1in a USAF-sponsored oBIR, HA! proposed the use or a tire extinguishment model to
|̂ gg||'|'|~|̂  j ĵjpjî  ̂TTl1j| SUlfp yŷ0 jjg|

predicted the speed of a foam spread (i.e., more rapid-fire extinguishment), but the results were 

encouraging. N IL , HAI, and NAVA®, through the Carrier Deck

25,26] in recognition

A baseline

parameters such as three-dimensional fires and bumback resistance.

Ti»lf ? I O _  ftonr>h-W»1<>1 j f i^ v iv  I j f     ^ gir^ i  ■ s  .g  \ \  ‘
■ ■ ■ ■ ■ ■ mmini.-i......SnSiSSSXnwn.,'..........3 M M i«

jieci Ret- [25]) tofmechanisms.
pK̂ luifluyciftcy foim drsiiM ^ results)-

£ „  _._ \7*  %. _. -ir-rx ' \   ̂^ *§t*« ntm ^ J ,S  -»*j «  V * 1 1 1 ,  ^   ̂-J, ^  «■ ¿"ItŜCC * l&ulv -¿fJP* * IlC ICflfWilfii1 VV Hi OU UtllCU IU
modify the agent performance program as required. Results will be correlated with larger-seale
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Figure 2 -  Proposed small-scale foam spread apparatus
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 ̂ nuli , 1U 1-, gpamm jaÈ, *t [ -, à -., n- -|. n ... _ % t  ,-|i 1 |  * .__Il 4  _~LrL i l j  %■ J; -'j ir-, J   ̂ i lf ,~~ *  A  - , *  , 'f  . . ^ ■■ _!, _j| 1-1, Il » |-g fl II li ~L 'l Ifl 1 . .̂.""1 ~j~f.~k.~l.
uyQCII 3uU lIllvfÌBSw&ÌS^uCMv wSl luviflPQS SIICI Cdllvila WI1JI Oc uv»1 ciOJ/cd 2110, iBClUuvu HI Ulv

ovemll p6ifbiBi3iiC6 spproEch (^coiidiicted ffl coiijuiiciioii with Traslt !2«3«4̂ »

Task 2X 6- .............

e am «  4  4 »  ,«.v.y ^ ^  ^ *m ma m m «Y 7 . ,  ,-t-g-L- I  j,,, f"',., I,-1„ . .  —, j l y  ^ ,  -  j  ¡ f , .  ̂ 1  _  <Tj T| j *  j  *”j  1  £ r  .  ̂ j  a-iLllbn ^_ -T.t,*t,~_ à _~il n .1 .—. 4-rm,rrom  ifitoi »1 ■ «11 ori iciuuvu in 1 astcs j4, 10£t ano. * ,j, various siii aiiy qiivuiicsìs io

Ite 6V2ÌU2t@d in new foniiìilstious will bs selocted (slso 2^6nts developed under Tasks 2*2*2 sud 

223),

Task 2.1.7

bench-scale drainage and foam spreading apparatus,

.4,
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Task 2.1.9..;

Foam formulations that performed favorably in Tasks 2.1.7 and 2.1.8 will be fire tested 

using a 2.6 sq m (28 sq ft) MIL SPEC test at NRL (see Task 3.1).

Task 2.1.10-

L»ge-scale. fire. tests of the ®ost..pioiiiisiiig..ageiils will be 'Conducted..asrii|ypf'opri8te («

12S& j. i j.

B.

An understanding of foam chemical compositions is essential for evaluating candidate 

agents. In general, the surfactants used in aqueous foams are long chained compounds which

typical AFPF fluorinated surfactant is shown in Figure 3. In this molecule, the perfluorooctyl

.

to group iififflyi* tritts st!ii*tr̂ io(̂ji oiiE tiic solutioiHg. so thflt  tiifiyir

toward the air/solution interface.

S I __ r  ,S . I J I 1(1 n f___Ttb.J ~13S well ns nyoropiioDic.

However, they do provide greater
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Figure 3 -  Typical ÀPPP surfactant
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early work by Tuve et al. [28]. When a highly expanded, stiff formulation of AFFF was used.

_  |IL - inilii~i -"L Ti ii f  .,.’4- \  -J~l.fi. 11 I  ^ j L . I ^ i  2 t  ..-II. Il -Il II j J  I - |  . n ^ -, ^  -j-1j _—[I I", ^ -jr --4»f J~,| - - . X H  Tt|~ILLrTT b
CuaTavivOSili?S* X IJ© IOuIIi IvSlSiCU IlöWj, «ßü ui»lIla.gC Öl Uli? ai|Uvyl2d aylUUUll \X11II1̂  W<tì> SlOW.

ratio of eight-to-one and a 25% drainage tune of six minutes appeared to offer 1
It a flnwsWf1 #/\arri mpW l̂i wniiH ** %  f J i  %J> T 0  J L V M A * J l iJ f  l i V f l P U W « '  T T  * * * ! » «  i-  r i V M * * *  i

l?6St
up against

'I-11 _-jt jî -11, imyilC ullvai

that will, over time, release an

TOi© î ii :n| I jpn:fjp0 b© to ids-ötii^ potenti al jEoc pi ul ft tl on s ^  jBjrstwOnl©-r

terms of environmental definitions and goals established in Tasks 1.2.1 and 1,2.2. The current
, ,  n jn murai. ¿uT t % « . »  1 n  j-~ ."I t -  ? j-u Ì  j 1 -Lj-i-i ja, »[■i i-l f  A t  pTE T  A  C? 4-.-J I-1 4 q  ¡p d| P i j f  j~» J  «  ¿ 1 -  ̂i i  |F~j|jSji itr s% H fB xi'ftS  j.i.ì i cifi  * Mtifi fit n  i f i1 p  i Cj3  I I» J6 ifE'oTji n e m a n a  i mrikX*' ■ ’" ■ t*L i r i e * * * i v i tsiiot ic. i.-?̂  itJ i t/iic

%%£$b ? % it «•-"a -¿j-  ̂i  P is  -* J» j? rj. t '  Ĵ s ¿3* ,¿31 g»* “g s# a% s %% ¡gsttftäk# 1 J~~K *§- ,*S r“i  ■? Ĥ| 0*5 5 rr» ■pTt riE* j£äT%'ir1 ' JT s It a aCa 1 IT•>i*3 ? 'S ?;Os p i 'tm ’tÄCP f ‘% ir'I ¿ji if wUJÜ'̂ s Ü  JuLJl Mv 5 ü  t  j¿ j .$ L  * § Jj ^  j  ̂

These qualitative measures are simply the reduction or
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Work îsTV M*£3

M lï recently tested and Qualified a omdiiet for the MH S PVC Qualified. nmducts 1ï*t fOPT Ì thatATAIüU? t W V C I l U J  A V û lV U l « i i u  t | U o l U i W  4 » jp A V U U W E . J. V *  fclJV AVA* JL/ kJÂ ÎJ%^  % £U aiA A lW U . JpA V W lA V l**  AA&A ^ 1  J U j  i l  I t t i

Tr*aj»lr *i 1 î 1
X f l o l li- ¿ . ¿ ,  I "■“* l j i I t d u l l u v  I î vendor otuveyi '....i--„ nnmr-’” ^ ....  f t .

A  review o f the chemical literature o f foam — based fire suppression agents would be 

performed. Additionally, vendors would be solicited for ideas and potential formulations.

Previous work by N R L and Hughes Associates, Inc. has identified potential surfectant
.. ijt-ti TL tfe  .. j  . J  1$ - 4  ^  „  _ 't_  _  rj~L lii#1  LL'l 1 A" ag t-ri — — ̂  —|4.J! t  if" T ¿TVT l^lhw e, r  i  _ 1  . . . n| 1  —_ ^ ’É liLcom oinauoiis tuffi iBay oc woiTOy or iixvcs ug&img | imj» uiic poicoiiaui gn/up is uic

behavior may result betaveen fluorosurfactant and organic surfactants, «inch may result in a
V T - , ,   ̂ i  1  — — — r -, —— 1  „  —1  ——— «  <& SJ^JL _-|g_T .  — — jilT fl IL ir-n -j  I-Tio  Quioflivj low moiecuj ar wcigiK suriocmiiis

 ̂|  ''* jL — — ^  lltLL - - 'UJ -"X
X a XCSl'C IXO'IiMJJ4.M O ̂

y»n fgpii.lg 'will i{}o *3-

(s. lamyl s ilic ic  coMtcliccI with mctlioxy tn^lycol iMin§ po Iy cthy ldisoxidc sls tlic stihilizsr).

S .  «  « s f a  itiìiìl'̂ iìi «t». —-_ j. * A,.— „  jrii-j-  J . l l .1  J  __^3 Z P ™  _ f  -̂ Tj l"i
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J  ¿1  I J  JâHd Uiçu XlüiGGCL

j P | ,_  * - » ,3  1 _ _ _ ' J , , ~ a  -.I.....'1., „...'a ' j ..".- V - t n \improwa tiuoroniitec* oy^pro uiici iccniumicsj *

revised. For example, solvents such as butyl carMtol are currently used by some manufacturers
Jfc _  — — J?----  — 4.J-» _ _  JL*«, J  -a,—.. * .  J  1 J 2  -».*» 1 ™* A C T S l ?   JPL-J f  jP  —     _  i  _  — _  _J jl_«.   — - „ „sic si Tw^inrMivrtTfiR inniRY tti fin * § i f*r it» a  r* t* r* i »wa yvtTTs? f*Ti TTinpiv tyt cui 11 iTi fXYt c ic iKsî n t ¡ty iTpi#*&.otitv*«a <* iWMOViifv iiiuvA AiiwMiU’W* u t rw  i  t  . J,IJv teM»Wi»v AtMfeA u i *3%/iiA«viia Jta uavW iy i l iy ^ iu y

/^ f*n i v.ot%fv€isiir\rii A  c nAtprl «ncrv A a  flfA Aviititniiiditno #*%# tk *  irwi««wUOvciliiailvit. o 3  IlUwiUj auiVCiita Ilia j ¿UlvCl ulv life  Ca UllgluzaUMg pw.iuniiiuli-C PI ulv IPellll,

new

j l̂tênnuâ ŝ-ly* 

chemicals. Ultimately, 
MIL SPEC.

Production costs o f potential new agents, particularly for vital, high priority Navy and

Task 2.2.6 -  Fire Testing

2,2
one of several approaches.J r " r

in Task Area 2.1 are available, agents will be assessed using those techniques. Otherwise,
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extinguishment and bumback performance (See Task 3,1 for description of techniques).

V. TASK 3 -  NEW TECHNOLOGIES

a

tmw agent. Foam i
»

.-‘I .  _  JL ____ 1- , -fT, I- J ?  . ■ ;  -t * - jf*,- ll-i_x.-l.n_ A  t  - ____* jL r r l  x  ■■■ir'i - P  1 j  T18* _ ̂  JL.l  -  -  J  1 H  t m  A «  ■ tf r  A  a  -  -  t  J L n  #■Cu îBCtcriSucs ot protein, losuij * inn ton socii mo* nowovcTj xnoiro shji iiioy oe a, xocî tiiiwiuoui

to aspirate the alternative agent This inherently limits its utility and effectiveness. While 

aspirated or floating foam can be fielded with current technology, there are significant space, 
weight, and energy costs associated with providing protection couivElciit to AFFF. In this itaslc*»* * *  fmf J, &

***. ***«- _^ ^  M ^  1 __ _ . „  -A, ̂  ..  - jL ™ ...  ̂ --  =*? 3 S *t „ ™ J  « __ * ___ ^  M ^ r _  ^  ^  J i IS .-. ^  ^  a ---,3JlTftSl f l f t j i r  Q f l n  ttpgY\€$P*¥  f P I T t l  T%fTM#*f,T I¡flF l T lf tH I liS  T A fll l  OP* IICITICF H 5i¡Tl rlSIlFCtwvi-lTiF! H T IflW * W * < j H l l u  t v u g v i  i t t f i l u  J J J L V 4 % / t i U v l l  U W I »  W A i l  l / W  a t « M t # i M W U  U S I l i g  U t f f i O W f W l V B t l  W43UL % JW C 4J.4^ C M IM .

This task area will also support technology transfer for any system/hardware 
requirements resulting from the development of a new agent in Task 2.

A  T ^ r t o - L r  H  1  HT1-Mf -  -a- _ T L f  A « « » #  C a a 4 -  jp  4 ^  1 7  j  rg%-ok* 1  a S K  J » 1  ■"■* v U i r e B I  i i g C I l l  k 3 i]a i i ;* O I* u l6 * iy T  1?IF C  1  €81111 g

........ As ■■&■ bsscliii& ■ ■ of' cunnsni ■ p€x£bExiiaxicC|f ■ ■ tsa$te ■ ■ will ■ ■ be ■ ■ conducted ■ ■ of' all' ■ ■ available ■ AFEfs ■ ■ and ■
»«Air wrannci»#! ^rntn-mnniovitaltw *rt Hotorrn trw* , avmoor BroouicQ, enviroiirocntaiiv uiGMiv assents to uBtErtTiiyifi cinrsut toim  tsciuioiosv 

perfoimance. MIL SPEC 2.6 and 4.6 sq m  (21 and 50 sq ft) Are testing will be used in this

performance up to 929 sq m (10,000 sq ft) [31], The small tests are generally more challenging
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j a u l & f
ffriffif'i lu gcf t̂ stSy i.6ij 0, firs  i fttiTTi.fiiii.t EppliCEtioii dfiiisity ^l/sc| Ttî  gal/sq ilj i§

— _  M 4-f —« i" J'"L ¿T  M  n - _ J  ¿*| ¿¡T O  ^  J-  _s„ | * | \  ^  A  «*..£ B-|f t jH  ? t  ’' l-T, i  ^£.*«4 ««. Ste »•* f lJ  -to, 44™ -jpj*. ****¿1 ^  «  „-„ - ĴT.-|--m, w l fT .1 ,jM|
r c ( | u i r c i i  JLUI ULK? i n Q  4 U U  ‘t . O  JJU i n  ^ ¿ d *(JU  S U  111 L v fil J.MH5&» A IM S p iU ¥ lU tC S  <A Adt<UM  U 1  & s4|.til.y 1 U I

correlating small- and large-scale resultss and assures that successful extinguishment in small

scale*

Tkp, r-g\w-& 1 qftrvr*e aW p «a-r*» -Frtr **mAvinft tiftTrlp” cr*#»nsirfri« i» or f^pP Afm e correiaiioos uescnDeu aoove are xor mo^iiig nozzie sceiytrio&> e.g.5 v f i i  or
overhead

»” tests,sprinklers,
HAI/NRL used intermediate overhead nozzle testing with a 4.6 sq m  (50 sq ft) pan fire as a 

precursor to large-scale hangar sprinkler tests, with reasonable success [32]. The UL 162

While the correlations between overhead nozzle intermediate-scale tests and large-scale results

T* J-I. mi-C-x —i ««tel J  . -  J - -- —̂  __ __ J f  —n WT -C  «te «TB ««teML J* 1  1  jm|  I S S i i T ^  - f j  %  |  |  t|,.f, .-.. ._- f *   .. -  ..Large-scale testing on tne order or vJ-vjy sq m pwvu-itJ»uiiti sq n j win oe pertormea as 
indoor q|  outdoor test facilities pn ¿ j l i * I ti Section

B. Task 3.2 -  Improved Delivery Devices

1 «fiTii ̂ jPIi'*8,̂*1 ir̂f̂ }jbP* iLyiIT̂l i l 1T1 ill 1 t̂ lSsC6 JOTyV griftrg[v̂yr ^ CTTT i’lHi
^ J t.ijLlL. -.— ___ _ J|![ ?.. .̂... . „j. „ _ —.. ... ? , , 4* ,, , «1 _ij. I ¡ip | 1 I fr̂ |̂ 1\a i ll mTI 1 ¿¿j rĵ p̂yrir'̂ ac yry  ̂s 1 li si t Cl s ̂¿C*t AlĈ Hl Eicyrxtv tiip

systems; »mi

Chemically generated aeration after foam is projected to fuel surface

technology to determine if fbant, aerated using traditional techniques, can be projected using
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n l r  *3 'Shi.--., — !■ TT I|_n #;-? _-- JT  f  m . inr- S  r_r m-m m W"0, W%~L ÄL'WlL £• %!*%> •» »vj*« “**§ *1 ‘r 1

requiring engineering development. This work will be performed in this task

Specific Nsvy uses o f jIJFIPP will bo ßvälustöd iti tonus of ä||ou.t Süd liiffd̂ wsyro uoesds

will bo evaluated. Monitors and turrets may bo considered. Automated
*»,  - 1  _ J- ? __ *111 n6 6¥3i uanon w ill dö

flight decks

c.g.»

wa .a Jg .«  *. -™= i.
Tsa-clr 3  A  3  P r a c h  p r
l , i l l lll. i ' i : i ----SsiAsM L £ A

T ^ tin n ln o v  f>valn»ftAm fn r tkp flirrht t i n ^ i m n r t  P p lJ  n «  e ^ m a n n  mill fo n K  nrt m nnitfiri  CvlinuiUg y v*"i > lia iRii Bi ItJJL UlC l.ll ja fit iliiC/ wLfPt/ll \^Jrfv ll«3V -^v^' mn.M Will lUvun UM ilJOlJULlOl

nozzle discharge techniques, proportioning, and storage requirements.
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Task 3.4.4 — Hapy«f ]

has

Task 3.4.5 -  Training

f i tyi C W U d l t  i 1*1 iR3a2HS C5tffiSttI*6ir©iilB ¡¿̂ »d̂ ŜUSiCodf

E. Tssk 3*5 ■** M itigifi»» siA  Riutsdifttion X cdi&olopcs

will be mvestiffHted in this tusk- Hisrc sro diffeMit methods too  •

wsstisi
II-n ._rU IN# A  S 1 1 ,-1 /WSŜM* /Ttjf J? x

A ■*%#“*o l i U "

at a

'BliflegfSlitioS,.KlrBlBBllfig
systotos to acoaloialo

............,..................................................................,............. ...................................................
syicl ri ii Cik5ii0 t6tillJE3lllt̂ *ti.̂ eS tJiat JTOthlÔ  ̂tllO

oroa
jjH Willi oĵ gĵ  CK
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F T « « l r  % £  n « u » l f t « i  Ì M f . T n n n  l P f ì T €  Wmmmtt Ç t i i m f i i i a t f A i k  m m ä  I w » « !  M i l  Q P W lP• Jt a i K  J iV  "— l / 6 ¥ c l l i p  In e tti**  I lç r m  v U * 0  JrfJH IIl O j l C v U l i« l l v l*  «Siiti f lC V ia C i l  ì t ì UL) y f

agents.

the form of an amendment to the M ill SPEC, or, in the case of a totally new agent, a complete
*tu d,̂   ̂  ̂ j| * p̂, ^

the specification may ultimately reside as an NFPA or similar standard.

VI. OUTPUT

m

tasks will occur to a greater degree than shown in Figure 4,
it—i-t „...f  — j. *1 t  * <    j > J  ¡ - - A —. -   J..j ..„   PK3Ylu€ ulitdli 013 t&SIC UlMtBCIIOIl.

VIII. LABORATORY CAPABILITIES 

A. HAI

I n t a t tiÇiü 

■S ô f th is pïiMyl ÜVlll

''HAI''1htiS''ii''i®ife'riiiige''of im Ioimoii^ ........
rd3i©d siu.'OH ncflttsiSe iicyiv intSAJŜns* JEic3t uiî x, p̂̂ n̂.sfii.iĉ €rŝ
PID controllers, etc. Other instrumentation related to chemical species measurements include

specific analyzers for replacement suppression agents.
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A radiant panel apparatus* used in prior experiments [25], is available for use to continue

different expansion and drainage characteristics- This includes the standard 2 gpim MIL SPEC 

foam nozzle. Orifices are available for this nozzle to create flow rates of 2-6 gpm so that MIL
J  T TT t t j ,  J  i  * ¿'fS  -* j  t  * j  jrA , 3flC»- Uij tCStS CJ3311

MEL

be performed.

rjr*t i.t ,| % -rn,» jr*% f tm, -* J. * * , « , m, arffFThe Navy uses the MKL Chesapeake Beach Detachment (CBD) to conduct MIL SPEC 

experimental and qualification testing. Two indoor test facilities are available to conduct 28 sq ft

DuNoys
-Ju------ r-rv -T_ 1,-VT. f l |4 ' i i  A  if -T_ -T  J.  ̂ 11 i 'i 'i -  ¿ "______________ ú I I. Ml. ill!) ||—r. if, A  I'"' _~fr i , _ i __ ÉARi -xa  r -irix r-i 1j n  I'l --f I-T. v- I, , J T T I A  j f  ^  *̂ 1 ' í  A. - * . _______leoMomeicr %i q  aeieiiu iiie sfroaajiig coem ciciit in aocoraance wixn A o iM  i j j  i } $ corrosioii

and three—

C N iw r w nI . ,if»  ¥ f  “ ¥  JL#

The Naval Air Weapons Center China Laic facility (NAWCWD) will be used for large-

scale testing. Two firefighting pads are available, including the 1022 sqm  (11,000 sq ft) “mild­
« «. » »  AM. M M  Am MA m A  A  M M MM A  .J  a r t l - “  -fa rtTi-ét f% _mr 4^-. ■"■»? ? 4 i *  r l m t A l A fL  n n Y -tli  A .  A T ? D D  f | !  .-„t-. < jC!ŵl.*lC I € S Sn!l I lOrSf i ill i_P Tm ■ * 11 I t \ f  llliirill il l I 1 jR WÍT1 O il fltlli ¡I ilT s ¥Tr~ f JL  P*i r3 i l l  CJT «is- |lP^f*lr 1w l' v l i  l o w m j  %ia>wj. p j  v r e w t u p  i i u f u i i  u i  m e  n u :  i  4 i i i g i i t .  u c v a  j

fC€h I I | - | | g  i lUtSii6?d ^ ^ - 1̂  ^

© f ¥ f U f i  f  A m  fTTi?<2# Ur J, nUon. 1? Al.^ I 1 11 j| J,JmO

Other sm all“ ami Isr^C11 seals ciivko n iiicEtii and firs lest jíacilitiss may be tised dining ttts
p ^ . ^ 1 iiri’dii3C)$ei f ir e  it€f¡sí¡ 1 . . 1 , aj£ 1 j

Inc. 5

research/traming pads, such as that at Tyndall Air Worce Base, may also be used*
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T m « i/i Ann/*a« i?rtfl T'flJK, || Cartiim tw  ,f 1? 'I /IH O ÌD ?  Towiiarti 1 GOIL^iquiu L un^uuEtc, ior Jrrcsn ano o^ weìvi$ ìviii-/,*ì ,̂*&ìiìij3r , / January i

•—  *  I t  j . * ■ »  » *  « I  1>-> S *J«* |  A  « - t »  « ij | ~ |

ucy^fj, Aj*l5»ji Lr-M. iNen, ana UfDSii  ̂ C^Mp^rstiv® Jb¥3iuiyu(iE o i Jciro rigu iiii§  « o im

A«oii«t 1OTQ  ̂  ̂  ̂ ^î OgllùiI 17/7.
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