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Mr. Filiberto Dominguez 
Air Pollution Control Bureau 

Department of Energy 
Albuquerque Operations Office 

Los Alamos Area Office 
Los Alamos, New Mexico 87544 

New Mexico Environment Department 
2048 Galisteo Street 
Santa Fe, NM 87505 

Dear Mr. Dominguez: 

Enclosed for your approval is an application for open burning at Technical Area (TA) 14. 
Open bunling is conducted at this area of the Los Alamos National Laboratory in order to 
diminish the safety risks associated with high explosives contaminated waste generated. 

The application request is for a single burn scheduled for early March. Approval to 
conduct open burns at T A -14 is included in the five ( 5) year permit application being 
prepared for submittal to your office. As you are aware, open burning is allowed only 
when approved by the State of New Mexico as specified under Title 20, Chapter 2, 
Part 60 of the New Mexico Administrative Code. The enclosed application was prepared 
to satisfy the information requirements specified under this regulation. 

If you have any questions concerning this permit application, please contact Steve Pong 
of my staff at (505) 665-5534. 

LAAMEP:9SF-094 

Enclosure 

cc w/enclosure: 
S.Fong,LAAMEP,LAAO 
E. Christie, LAAMEP, LAAO 
L. Maez, ESH-17, LANL, MS-J978 

Sincerely, 

Mathew P. Johansen, P.E. 
Acting Assistant Area Manager 
Office of Environment and Projects 

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 
3851 



STATE OF NElli MEXICO 

E nvironment 

Department 

NEW MEXICO ENVffiONMENT DEPARTMENT/Am QUALITY BUREAU 

PERMIT APPLICATION AND REPORTING OF OPEN BURNING FOR 

PRESCRIBED/PRESCRIBED NATURAL FIRE AREAS 

PERMITTEE: USDA_ USDI BLM MILITARY DOE],;_ PRIVATE_ OTHER_ 

(AQB assigned) 

NAME OF BURN:.-c-_f_s-_-Li__,_._-._t _c_~a_:;;<J'-e _____ _ LOCATION: ~...,os AJ_,:x:tcs f~~;t}:)Hi'.i:: L.al:)::;~-,~tc,z"; 

(Township, Range, Section) 

PROPOSED ACREAGE ::i':c~::c l';t7:3.:";t:c.,FUEL LOADING DETERMINATION METHOD S~>e ::ot·t&ch~:E::n: 

Is bum likely to impact a smoke sensitive area? Yes_ No 

If yes, please attach a map of smoke sensitive areas (Include distance and direction). 

Smoke sensitive areas include: Class I areas as well as other scenic and important views, urban and rural population centers, hospitals, nursing homes, schools, transportation 

facilities such as roads, highways, and airports, recreational areas, and other locations that may be sensitive to smoke impacts for health, safety, and/or aesthetic reasons. 

Signed __ ~---··-'-·-c--------~~--~~----------------­Name and Title 

Submit to: New Mexico Environment Department, Air Quality Bureau 

2048 Galisteo 
Santa Fe, NM 87505 

Date ___ "---'·!:.._/_,~..:.;_:..__~·----'-~ __ _ 

This application has been received by the New Mexico Environment Department and is 

APPROVED ·-' DENIED for the following reasons: ________________________ _ 

-~ .( 

Tills permit is approved for the following dates:.=-__ '
6

:__.:':__/·_· -'----,------'---:-:-:----'-------------------­

and is subject to the conditions set forth in 20 NMAC 2.60 and the following conditions: 

The Department reserves the right to cancel this permit at any time if the public interest so warrants it The holder of this permit is therefore cautioned and charged that he/she, 

and he/she alone, assumes full responsibility to exercise the utmost care and judgement before igniting any prescribed fires. The Envtronment Department hereby disclaims any 

and all liability of itself or it:S agents that _might be incurred by petitioner's acts. --
Signed, __ .,.:-_;__ __ · -_..,._-___ , --'-:--::---:--=':-:--::-',--~""'-------''_' ·_-'_' _____ Date, ____ _.c: ___ -·_

1 
________ _ 

___ ,,.,,,,/-' Name and.Jitle 
./ 

NMED 8/96 White - Applicant; Canary - Applicant Main Office; Pink - Air Qu.ality Bureau; 



ATTACHMENT A 

LOS ALAMOS NATIONAL LABORATORY 
APPLICATION FOR OPEN-BURNING PERMIT 

IN TECHNICAL AREA 14, BURN CAGE 

DATES BURNING REQUESTED: 

A single bum scheduled for either March 4th or 51
h is requested in order to mitigate the 

safety hazards posed by high explosive (HE) contaminated burnable waste. This burn is 
required to keep the HE waste from accumulating to dangerous levels. Safety and storage 
requirements dictate that waste burning must occur every 90 days as needed. 

EXACT LOCATION AND DIRECTION TO SITE: 

The burn will be conducted within Los Alamos National Laboratory boundaries at 
Technical Area 14, in the burn cage located near mound 3, just south of the Control 
Building (Q-23), and south of the magazine storage building (Q-22) (Attachment B). The 
site known as Q-Site East can be accessed by properly cleared or escorted personnel via a 
paved road offR-Site Road. However, the road is not accessible to the public and is 
administratively controlled. 

TYPE AND QUANTITY OF MATERIALS TO BE BURNED: 

The burn contains a maximum of 50 pounds of HE contaminated combustible waste 
placed inside the bottom grill of the burn cage. Each burn requires approximately a 1/2 
gallon of excelsior or non-metal and non-halogen containing volatile organic compound 
to be used as a starter fluid. The starter fluid is placed in the bottom section of the burn 
cage or sprinkled over the HE-contaminated waste to aid in ignition and combustion of 
the waste. The waste consists of small amounts of HE, rags, paper, sample containers, 
Kimwipes, toothpicks, and other processing and clean-up waste. 

METHOD OF IGNITION AND HOW BURNING WILL BE MAINTAINED AND 
CONTROLLED: 

The Standard Operating Procedure (SOP) that will be followed during the bum is 
attached (Attachment C). It covers the hazards involved and precautions to be taken 
during the bum setup, method of ignition, and the post burn observation period. The SOP 
also covers unburnable material inspection procedures, receiving and placement for the 
burn, and disposal of the flashed material. The ignition method is a remotely operated 
electric match. 



WHY IS BURNING NECESSARY: 

The burning is necessary to mitigate the hazards associated with HE contaminated 

material generated during testing and operations of new HE having unknown properties 

and characteristics. Open burning is very effective in eliminating HE contamination of 

burnable waste so the safety concerns associated with burial disposal can be minimized. 

ALTERNATIVES TO BURNING AND REASONS WHY ALTERNATIVES ARE 

NOT FEASIBLE: 

There are two alternatives to open burning. First, the direct burial of HE contaminated 

material is possible. However, this practice is contrary to the Laboratory's policy not to 

transport or move material resulting from any process associated with high explosives for 

safety reasons. For HE contaminated waste generated during testing and operations of 

new HE, this policy prevents accidents which might occur from the presence of HE 

residue remaining on the burnable materials. While this scenario is unlikely, there is a 

finite probability. of its occurrence. 

The second option would be to thermally treat the waste material in a thermal treatment 

oven or an incinerator. Due to the possibility of detonation at high temperatures 

occurring from contamination on the waste as well as some of the potentially explosive 

solvents, the treatment unit would have to be constructed of special materials. 

Emission estimates and impacts are presented in attachment D. 
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"""·"' M-l:SOP 6.1.5 Destruction of HE-Cont2minated 
Waste and HE Waste Revision A 

Pre:Jared by: 

Ao-orove-G by: 

Appry:ed by: 

' ' 1 _,...,_pprovea oy: 

M-1 

STlu~D.A.RD OPERATING PROCEDURE 

FOR 

DESTRUCTION OF 
HE-CONTAMINATED WASTE AND HE WASTE 

6.1.5 

Date: 

\-f-DO 

Date: 
HS-5 

Fir..al Approval: ----------------- Date: 
C. B. Bieri, Group M-1 ES&.I-1 Officer 

\1arch 1993 

/ / 
I , 

/;-. r'; 7 
) ' - .. ' 

This SOP has been approved by M-1 a.rtd M-00. \Vhile v..·e await fir,al 
:-eview from HS and other grouos 3.S deterr:tined bv HS, we are using 
7..'-lis SOP as v,.Titten. If more tha:_rt 30 days have elapsed without actio~ 
by reviewing Groups outside M Division, this SOP will be regarded by 
tne M-1 Group Office as having the full force of complete and 
uuqualified endorsemef\t. 



j \1-l:SOP 6.1._ 
! ReYision A 

Destruction of HE-Cont2.Din2ted 
Waste and HE Waste 
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Revision A 
Destruction o: HE-Contamin.s.ted 

\Vaste and HE \Vaste 

1.0 INTRODUCTION 

Grouo M-1 does tests and operations on ner,v high-exolosiv'2"5 t...'-lat have unk.n~wn properties and characteristics. Tnese Op€rahons generate ~;~.·aste that ca.'U.<ot t>e s-ent to WX-3 for disoosal 'vecause of its unc.:'rtaracte~LZed nat"l...:re or experimen:al history. These wastes are destroyed at Q-Site East by either blli--ni:tg or detonatwn. 

2.0 PURPOSE 

The purpose of this operation is to sa.iely destroy H.t. waste a:td HE-con:2...;Tlinated '.vaste originating in Group M-1. T!cis SOP is closely tied to :\1-l:SOP 6.1. 

3.0 ·SCOPE 

This SOP applies to all \:-1 Dersormel who c-erforT!l the bu:-rcing and de::mation . ' . operations. Tnese operations shall only b€ ptrforrrted by Group \f-1 ptrs-oruce! at Tec.h.Icical Area (TA) 14 (Q-site), Building 23 and the adjacent iiring area. 

4.0 DEFINTilONS 

HE-Contaminated vVaste: 

HE Waste: 

5.0 RESPONSIBIL'TIES 

5.1 Group Leader 

:\1aterials suo"! as rags; paper; sample 
containers; Kim ·.,,,ri pes; tooth picks; ot!cer 
pmcess and clean-up waste. 

Damaged or susp~ct de"\rices, explo-si·;es tht 
, .... 10 rl -.,o - ,..P. " _.......; p ';'\...C.~~on~--1 na\ ~ un~ergou. ::,e, .re ~esung, .Xy-· .•. k ... ~ 
exDlosives, exolosives of terc>.::::orary incerest, l - • ' newly synthesized compoLL!ds, new 
;-nixtures, and svme salvage explosives. 

• Ensures that the n~essary policies, procedures, e-quipment, expertis-e (training), and manpower are available for this operation and 
delegates the responsibility for implementation of derails to a Line Supervisor. 

5.2 Line SuperviSDr 
• Lrnplernents the details for safely performing these operations. • Choos-es, along with tne Group Leader, the Firing Site Leader. 

5.3 Firing Site L-eader 
., Has primary resoonsibilit-;.- for safe o-;::-erations. 
• Supervises routi"ne burni~g and detonation operat10ns. • Triins ooerators. v 



I \f -1 :so P 6 .1.s 
Revision A 

Destruction of HE-Contaminated 
Waste and HE Waste 

6.1.1 Detonation Operation 

HE waste shall be destroyed by detonation on MoUJ."ld 3. 

6.13 Weight Limitations 

Weight lir:titations are as follows. 

Operation Weight Limitation 

\1arch 1~3 
?ag~ 7 of :s 

Burning jso lb of combustibles in eac...~ burn 

Detonation j10 lb p€r shot 

6.2 Persoru1el Limif.s 

T:1e personnel limits in M-1 :SOP 6.1 shall be followed for this 0?"2ratior.. 

6.3 Transportation 

The requirements for transporting .F-IE-contali1..inated waste and small s2...:.--:-c !Jies 
cf :-:I: T-<.'c.s:e for bu:ning a..c,d detonation a..re listed ':-€low. 

• Waste shall be t:ansported to :-A-14 (Q-Site) in 
accordance with M- l:SOP 1.9 for on-site tr2..:""'.sportation. 

• No qu~'Ltity greater L'ta.n that \vhic11 can be disposed of 
in a single day shall be tra.nsport.::d to Q-Si te. 

• Operc.tors will be told where HE waste is stored. 

6.4 Storage 

Tlce followi.;•g storage precautions shall be ta...~en for mc.te:-:als to be bumee 
and to be detonated.: 

• ill-contaminated. wastes are stored in Magazi::ce 
i\E-208A at TA-9 while awaiting destruction at Q-Site. 
The waste \-\-ill be labeled v .. rith its contents bv the 
generator and labeled "Hazardous Waste" o)' the Wc.ste 
Management Coordinator. 

• At Q-Site, the explosive-contaminated waste will be 
kept in Room 104 of Building 23 while "in process." 
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Destrudion of HE-Contaminated 
\Vaste and HE ~'aste 

March 19"93 
Pa2~ 9 e::- lS 

7.1 Burning Operation 

Follow the steps below for destroyi:tg ht.-contaminated waste. 

1 
..., 
.L 

.., 
J 

A .., 

J 

6 

7 

8 

9 

10 

Action 

I Short the end of Ll-te detonator cable. 

Attach one or two ignitors in parallel to L.+te firing cable a11d place them 1n t.'te fuel space. 

Sprinkle tuel on the HE-contaminated waste to enhance des tT""U. c::i on of the waste and aid i.::. irr.ition. 
'-'' 

Note: Use only volaf-i 1e hv,...;,.oc::>rOOn<= .. L...1 •,.,' .......... ~ ............ ~ ...... , such as acetone, toluer~e, 
fuel oil, hexane, as a fuel. 

I 

CAUTION I 
I 

I 
I 

I 
DO NOT use any material that contains metals or haJogens rn its '; 

molecular composition. If in doubt, check with the exoerimer,ter ;, I charge of 0-Site. ·, 

I 

Cover the top of Ll-te bum cage with the ""ire mesh provided to ·' - 1 • particles. rrun1m12e rne escape Oi ournl:--,g 

Fi:.-e the ignitors usmg the f.u---ing control unit in ROOITl 101 of B 'l ' . " ') 'J ( ~{ • sc D ? • ) Ul Gl!lg \J-L...J 5-e€ 1 ~-l: U.~. o.l . 

Note: The siren YVill go through its norrnal sequence, but i.ho ):';.....:,g u •'-- ... .. 1 ..... ',_, 

Supervisor rna y tum the siren off aiter detef1IijnL'1g L~at t1-\e 
burn is progressing s.c.tisfactorily. 

• Wait for at least 10 minutes after visible f1arning has stopped and .. Then sound the "all-clear" signal . 

Note: If there is still a considerable CL.TlOlli"l.t of smoke, the Firing 
Site Leader must use his judgment about d 1 • e1apng the all-
clear signal. 

In L"Le event of a misfire, do not approach the ..area until at le.a.s t 
10 minutes have elapsed without a....'1y evidence r tlarnes or smoke or 
in the bum cage. 

DO NOT US€ the burn cage fo:.- a.noL.'ter bum operation for 24 hours. 

I 
Alter 2-± hours or more, remove the ashes and place in Li-te sateLlite 

. storage outside Building 23. 

I Cover t..l-te ou.rn cage \·vith a t1..t-p. 

I 



I M-l:SOP 6.1..:; 
Revision A 

Destr•Jction of HE-Contaminated 
Waste and HE \Vaste 

7.4 Di.sp06ing of Waste 

.\fare;-, 19'93 
?a:::c 11 of :5 

Waste generated from these operations shall be package-d ~'ld dispvx:d of 
according to M-l:SOP 1.5. Waste minimization will be ha....'ldled according to 
the M-Division Operations Manual. 

7.5 Emergency Procedures 

L"'l L~e event of an ei:Lergency situation, the Building Emergency ?la.r. (3!:?) I 
Site Emergency Plan (SEP) shall be followed. The BEP /SEP shall '::-e available 
in Building Q-23 and the operators shall be fa.rniliar 1-Vith its co:ctents. 

8.0 REQlJ1RED RECORDS 

• M-1:SOP6.1 

• Completed and signed Shot She<2t (for detonation or bu~ting) . 
~ 

• M-1 Q-Site Check ~ist, Burning of HE-Contaminated \\'aste 

9.0 REFERENCES 

• DOE Explosives Safety Manual 

• Los Ala...rnos Environment, Safety, and Health Manual 

• M-Division Operation Manual 

" M-1:50? 1.5, Disposal of Ha.z.ardous Materials 

• M-l:SOP 1.9, Packaging and On-Site Trc.r.spo,~ation or :::xplosivo 

• .\1-l:SOP 6.1, Q-Site East (TA-14) Firing Operations 

10.0 ATTACHMENTS 

I M 1 o-s· r· · L. B · · 1..JL-C .. · .. · , \r _ .. . -. 1te \...hec.K 1st, ummg ot 11.t on,;<mma,ec: v a~,e 

II. Hazardous Waste Facility Penr..it 
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I \1-l:SOP~..S 
Revision A 

,, J 

Destruction of HE-Contaminated 
Waste and HE Waste 

Attachment I 

Marc~ l~~ l1 

P2. E:c lj or ~:: , 

M-1 Q-Site Check List 
Burning of HE-Contaminated Waste 

Requester Date B\Jj_-ned 

Charge Code Shot No. 

This checklist is intended for use as a safety sup?lement to M-l:SOP 6.1.5 "D25t::-uc­tion of HE-contaminated Waste and Waste HE." All Q-Site users must be ra..:-n.iliar with Group M-1 SOPs 6.1 a...'Ld 6.1.5. This checklist should be reie.:-red to by tree Firing Supervisor subsequent to bumi'Lg in L'le burn cage and prior to final 2...-:TlL"'.g. In the event of a misfire follow t.he u~ecklist on the oLl-ter side of this page. 
0" !'... ~.!./A 

0 u - \ l) ~LJ.Ie a..:1d clear area. 
,~, i::J 2) ~ ' . 1 '-.J t:.l.sure DLL-n cage 1s c ean. · 
~~, 
'---" . [] 3) Open all glass u-1d plastic containers. 

u !J - 4) Place contai..'Lers to be burned on grate. 

u 0 5) Place fuel material in bottom of bum cage. 
l_j u 6) Short aid of detonator cable .. 

u u 7\ Attach ignitors to detonator e2bl-2 2.nd ?lace i&r,iters Li fuel ' I 

rr~aterial. 

u u 8) Spri.nk.le fuel on waste material. 

u u 9) Cover toD of bum cage Vvith \',ire mesh. 
" v 

u u 1 0) Cortnect detonator cable to CDU. 

i-.J u 11) Sta..-t firi.11g sequence. 

l_j u 12) Fire ignitors. 

l_j u 13) 0 bserv e b u..rn.ing. 

I..J 0 14) Tum off siren (do NOT sound "all-dear"). 

u CJ 1.5) Wait 10 mi.I1. after f1a.rne has stopped a.11d sound "all-dc:ar. 
., 

u ;_J 16) , · .. .., ' ' ' I ' i\.nothe:r batu~ ca.n.rwt De bG--:-:2-:J. -w-,;:u "-"t not..1rs nas e.aps.eG. 
u u 17) Clean up ashes (a..fter 24 hours) a.nd place in sateUite storage 

outside TA-23. 

'I i_j l8) Cover bum cage Y\iLl ta..,rp . ....... 

Date 

Date: ____ _ 



M·l :SOP b. L5 
Revision A 

Destruction of HE·Cont.aminared 
\V2ste 2nd HE Wasre March! ... ~ .. ~.I P.::.z~ 1.5 _ _. 

LOCATiON; 

AHachment II 

Jzrmr± 
U.i. O•~r~-:-1•r: :JI ~ . ..,~r:;y 
u . ., .... ff>l:y of CJi,f:::1'"7"11~ .~ .• qt~ 
L01 Al~m01 .'-l.au:x-:~1 L...io-crl:~')'. 
LOcS Ai.ar.101, .'I,~ 575J.5 

~E'-..l.,.tli ."1\Jf,~H.~: 

.'iM ~10515-1 

?u~'-iun cO t714' )olid W.1s:t Oi\OCHI .J..c-: • .11 ~m•r1dt-d :, 1 :."':4 .:H-0\.IIct 
~.a<:CX'1 ~r><:l .1.+<0'<4"1')' "-':": ;.-.c..r..J.J. .IS ~...-..c...a (.1.;. \J . .).C. 5i-01 .. tC r..-.:.J • ..-,.:j 
L"W ~ Mnico Hu ... a..r-:::01..:1 WH:t .J..C: (S§ /L-4..1 tf ~ .'i~ 1'/ll. ~ ~1'; IS 
i~~ ~ :."14' U.i. Oto.ar~"7'\ tr.t ol !r.•r;·t"s L01 .JJ .a.:':'lOi A:u Oft\ ct u1d ::"':t 
U:"\i..-..n:i7y or ~ifcrn, .. "-t<;trH.1, doir.q !:;,;\In~ oS l01 Al./!1'~~ N~t.Jon.al 
UOontOr')', (h4H'Uf'a-r nlilf<d t."':t' i'ffr:"ll7:ti) to 0Ct1'1:t I ."':UH~O\Jt wt-rtt 
ircci~...::.-. c.::rr-JJr...r f'...o<~4F ~ !.lnt:: ::-l&'.."7'\ti":'t .1.--.:l s::~.r~;• IKJiiry H ::it 
ioutiOC'l ,.-...,a-d .a~ 

Tht P1'rmi":':H m1..--:1 c:xr1oiy ,..,.,-;.'1 ~II '..'"itt~ u.d ~i:; :::"1 of :,--,;s ~t. ~ii 
~i-t c~m o-1 :."':• (:x-.ci::O<":'i c:.r:-:A.u'~ ·""~n irx::.;::::~ ::;-. .-~m~ 
AC>Qjic:u::>it ~\1~ of "'91.JI.lOO<":'i c:to::l ut ·~"·¢'W .,..,..,,:....; u-. lr'\ .~ or. <::a 
tf'ft-<":i¥t d.ltt o'l :his ·o.-rm:t.. .'i~ Mu..:c~ "'.&u.rocc.l .V~!"tf ,>.,..(..-,•qtl':'ltrn 
~~ ... 1~-:~ (HWMI\-S. H .,..,..,.,.,..,c..::~:~. ~i1 ,~ ~ ...... .~rJ ~ .•• :-:.-::--:.,...., ,, 
~~.a.r<:t witl"l HWM~-3. hr. IX, ~..JO<":'i 1-:2..' . ...-..:: ~:2.G. v<: If'~ Nn fcx ~ 
~oe o'f tf'f'l x• ........ ~ 

This ;>t.-:-:~H it~ Oo"l ~ ~~ ot :•f,..,..M~S.. 7h1 ~i-t i1 .1ho ~on 
:;"'f ua.;m;:rti0<1 t."\.&t ~I info.;m,tlo-11 C:x-lar:-. ..-d in '.."'.t ;,.,..,..,,~ Joo<ic.HJo-11 ~~ 
K::..U<~t• ~ ~ -:...~• IKJiiry ,..,.,11 ~~a-::: rs ~-~~.c ,,.., :..--:e o~co<iu<:O<"I. ~. 
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TECHNICAL APPROACH TO ESTIMATING EMISSIONS AND THE AIR 

QUALITY IMPACTS FROM THE OPEN BURNING OF HIGH EXPLOSIVES 

CONTAMINATED WASTE CONDUCTED AT TECHNICAL AREA 14 

Air emissions resulting from the combustion ofhigh explosives (HE) contaminated waste 

consist primarily of carbon monoxide (CO), oxides of nitrogen (NOx), particulate matter 

(PM), volatile organic compounds (VOC's), sulfur dioxide (S02), and heavy metals such 

as lead (Pb ). Detailed emission estimates for wood, paper, and plastics were performed 

for this analysis using AP-42 emission factors developed by the Environmental Protection 

Agency (EPA) found in the July 1995, Version 4.0 of EPA's Air Chief; available on CD 

ROM. In addition, emission estimates for the combustion of solvents were performed 

using emission factors and equations presented in the document titled "Prediction of Fire 

Properties ofFuels," A Tewarson, Factory Mutual Research Corporation, 1986 

(Attachment E). Emission estimates for the combustion of HE were performed using 

emission factors compiled from data provided in the documents titled: "Emissions from 

the Open Burning or Detonation ofHigh Explosives," R.V. Carter, U.S. Army 

Environmental Hygiene Agency, 1978; "Air Quality Impact Analysis, Open Burning of 

Explosives," Department of Energy, Pantex Plant, Amarillo, Texas, Radian Corp., 1990; 

"Lawrence Livermore National Laboratory (LLNL) Explosives Handbook Properties of 

Chemical Explosives and Explosive Simulants," B. M. Dobratz, 1981. Table 1 $hows the 

typical profile of the constants of a bum as well as the emission factors froin the sources 

described above. 

TABLE 1. BURN CONSTITUENTS AND ASSOCIATED EMISSION FACTORS 

Waste 
!- c c --- c " 

·--~·---· : Emission Factors (lb!lb ofmaterial burned) 
Amount--

:-~ ,cc -: ', I ---
c 

Type- .Burned I co ' NOx, --- VQC : PM sq2 ------ HF HCl 

Wood/ Cardboard 10 Ib 0,13 0_001 OJ! 0,02 0_001 N/A N/A 

Plastics/ Paper 30 Ib 0_04 0_003 0_02 0_0] 0.001 0.0001 0.004 

HE 2 lb o_os 0.13 0.005 0.27 N/A 0.050 0.028 

Solvents 8lb om N/A 0,02 0.04 0_05 N/A N/A 

("'I gal) 

Emission Totals 50 lb 2.66 0.30 1.86 1.16 0.44 O.o7 0.16 

(Ibs) 

_Pb 

IE-07 

N/A 

NIA 

1E-06 

9E-06 
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HE Contaminated Waste Solvent Mixtures 

Approximately one gallon of HE contaminated dilute solvents generated during 
HE processing operations atLANL are included in the waste burn at TA-14. The average 
make-up of the dilute solvent solution is 30% methanol, 25% water, 20% acetonitrile, 
20% tetrahydrofuran, 5% of any the solvents in Table 2. Combustion emissions were 
estimated using emission factors and equations from A. Tewarson, Prediction of Fire 
Properties of Fuels, Factory Mutual Research Corporation, 1985. Table 2 gives the 
chemical properties and assumptions required for the emission calculations. Emission 
estimates from solvent burning are shown above in Table 1. 

TABLE 2. CHEMICAL PROPERTIES OF HE CONTAMINATED WASTE 
SOLVENTS 

• 
SOLVENT TYPE MOLECULAR DENSITY·· ·NUN!BEROF .. ~SSUMPTIONS USED 

.· WEIGHT (g/rriole) {g/ml) CARBONS. FOR CALCULATIONS 
methanol 32 0.7914 I experimental data available 
acetonitrile 41 0.7868 2 c2 linear alkanes 
tetrahydrofuran 72 0.8888 4 C3-C6 linear ketones 
methyl ethyl ketone 72 0.8054 4 C3-C6 linear ketones 
butyl acetate 116 0.8825 6 C5-C10 acetate 
ethyl acetate 88 0.9003 4 c4 acetate 
toluene 92 0.8669 7 experimental data available 
ethanol 46 0.7893 2 experimental data available 
acetone 58 0.7899 3 experimental data available 
cyclohexane 84 0.7785 6 C5 -CJO cyclo alkane 

High Explosives (HE) Waste 

Waste HE, generated during HE processing, can consist of a number of different types of 
HE and associated binders. Table 3 gives a representative list of the HE waste 
composition found in process waste burned as well as amount of combustion products 
formed. 



TABLE 3. EMISSIONS FROM THE OPEN BURNING OF HIGH EXPLOSIVES 

High Explosives, Composition Quantity. Combustion Products 

Propellants, ·.· Fraction Burned .(I b) 

and~Binders . · (lblburn) co NOx voc •... PM 

TATB11 ·2l 0.21 0.42 1.09E-02 2.92E-02 1.93E-04 8.17E-02 

NTQ11.2l 0.18 0.36 1.01 E-02 2.70E-02 1.80E-04 7.56E-02 

Pyroxylin(1 ·2l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

Camp g<1.2l 0.04 0.08 2.00E-04 1.48E-03 N/A N/A 

LAX 11211 ·2l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

RDX11 ·2l 0.04 0.08 2.09E-04 1.50E-03 4.17E-03 N/A 

DNTi1,2) 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

Nitrog uanidine11 ·2) 0.04 0.08 2.22E-04 1.50E-03 N/A 2.34E-03 

HMXI1.2) 0.04 0.08 2.22E-04 1.50E-03 N/A 2.34E-03 

PETN11 ·2l 0.04 0.08 2.00E-04 1.48E-03 N/A N/A 

TNT11 ·2l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

HNS<1·2l 0.04 0.08 2.18E-04 1. 15E-03 1.58E-04 6.48E-03 

Barium nitrate13.4l 0.01 0.02 N/A ?.OOE-03 N/A N/A 

Cyanuric acid134l 0.01 0.02 2.20E-03 1.76E-02 N/A 1.76E-02 

Pentek<3·4l 0.01 0.02 2.20E-03 1.76E-02 N/A ·1.76E-02 

Exxon461 13·4) 0.02 0.04 1.00E-03 N/A N/A N/A 

KFE13.4l 0.02 0.04 1.00E-03 N/A N/A N/A 

Polystyrene13·4l 0.02 0.04 2.20E-03 N/A N/A N/A 

Estane13·4 l 0.02 0.04 2.20E-03 N/A N/A N/A 

Viton13·4l 0.02 0.04 1.00E-03 N/A N/A N/A 

BON PA-F13.4l 0.02 0.04 2.20E-03 N/A N/A N/A 

DBP13.4l 0.02 0.04 2.20E-03 N/A N/A N/A 

oop13.4) 0.02 0.04 2.20E-03 N/A N/A N/A 

CEF134l 0.02 0.04 1.00E-03 N/A N/A N/A 

TOTAL 1 2 5.06E-02 1.31 E-01 4.86E-03 2.71E-01 

Emission factors from Roy V. Carter (June 1978), Emissions from the Open Burning and Detonation 

of Explosives. 

2 Emission factors from U.S. Environmental Protection Agency (June 1995), AP-42 Air Pollution 

Emission Factors. 

3 Emission factors from Radian Corp. (July 1990), Air Quality Impact Analysis, Open Burning of 

Explosives, Department of Energy, Pantex Plant, Amarillo, Texas. 

4 Emission factors based on chemical structures from B. M. Dobratz (March 1981), LLNL Explosives 

Handbook Properties of Chemical Explosives and Explosive Sirnulants. 
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Air Quality Impact Modeling 

Air emissions from the open burning ofHE contaminated waste at TA-14 are regulated 
under National and New Mexico Ambient Air Quality Standards. Air emissions from 
this operation include criteria pollutants such as carbon monoxide (CO), oxides of 
nitrogen (NOx), particulate matter (PM), sulfur dioxide (S02), volatile organic 
compounds (VOC's), and lead (Pb). In addition, some hazardous air pollutants such as 
hydrogen chloride (HCl) and hydrogen fluoride (HF) are emitted as a result of 
combustion of some binders used to form HE. Impacts from operations of this type* 
must meet ambient air standards for all criteria pollutants. Compliance with the ambient 
air quality standards was determined using the SCREEN 3 air emissions dispersion 
model. 

The SCREEN 3 model was developed and approved by the Environmental Protection 
Agency (EPA) as a screening procedure for estimating air quality impacts of stationary 
sources. SCREEN 3 is a conservative model which uses worst case meteorological data 
to determine emission impacts. Input parameters supplied for this analysis included: a 
heat release rate of 15,748 cal/sec; a one hour burn duration; a 2.5 m/sec wind speed; and 
a one meter source height using a flare source type. Emission impacts are shown in Table 
4 for the maximum impact (61 meters) and for the two nearest off-site locations, Pajarito 
Road 2,042 meters to the north/northeast and State Road 4 bordering Bandelier National 
Monument 2,286 meters to the south/southeast. The impacts are shown to be will below 
the ambient standards at all affected locations. 

TABLE4. AIR QUALITY IMP ACTS FROM HE PROCESS WASTE 
BURNING 

· -AMBIENT AIRQUALITY STANDARD . 
· .. ···. .• •. . . ·... . . _·.:·. .. AIRCQNCENTRATION.AT: . 

B1 MiMax!}: 2042M•(P"'jarito Rd.) 2286 M (SR4) . 
CHEMICAL '!\IJODELING\< 

· .··• . •P.AlRAMETERS 
co 

NOx 

PM 

Lead 
Photo 
Chemical 
Oxidant 
(VOC) 

D Stability 

2.5 meters/sec. 
wind speed 

Heat Released 
15,748 cal/sec. 

8-hour average 0.5 mg/m3 (8.7 ppm) 
!-hour average 2.0 mg/m3 (13.1 ppm) 
24-hour average 5.0 !J.glm3 (0.1 ppm) 
Annual arithmetic 1.0 !191m3 (0.05 ppm) 
average 
24-hour average 150 ~-t91m3 

7 -day average 110 ~-t91m3 

30-day average 90 ~-t91m 3 
Annual geometric 60 ~-t91m3 
mean 
24-hour average 5.0 !191m3 (0.1 ppm) 
Annual arithmetic 1.0 ~-t91m3 (0.02 ppm) 
average 
3-month average 0.03 !191m3 

1-hour average (0.06 ppm) 

0.53 ppm 3.8E-03 ppm 3.2E-03 ppm 
0.76 ppm 5.5E-03 ppm 4.6E-03 ppm 

1.4E-02 ppm I.OE-04 ppm 8.6E-05 ppm 
2.9E-03 ppm 2.1 E-05 ppm 1. 7E-05 ppm 

136.6 !191m3 1.0 l-lg/m3 0.8 !191m3 

19.5 ~-t9/m3 0.1 ~-t91m 3 0.1 l-lg/m3 

4.6 !191m3 3.3E-02 ~-t91m 3 2.8E-02 ~-t91m3 

27.3 !191m3 0.2 ~-t91m 3 0.2 !191m3 

0.03 ppm 2.1E-04 ppm 1.8E-04 ppm 
0.006 ppm 4.3E-05 ppm 3.6E-05 ppm 

8.9E-06 ~-t91m3 6.4E-08 ~-t91m3 5.4E-08 !191m 3 

0.14 ppm 1.0E-03 ppm 8.0E-04 ppm 

* HAP's emission standards are regulated under 20 NMAC 2. 70 for the facility at 10 tons per year for 
any one HAP or 25 tons per year for any combination of HAP's. Subsequently, impacts for HCl and 
HF releases were not included in this modeling analysis. 
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l. HiHODUCTIO~i 

Fire proper~ies are defined as the parameters ~hich characterize the 

combustion and pyrolysis behavior of fuels in fires 1. In conjunction with 

fire models, fire properties arc used to assess hazards presented by various 

types of fires ar.d protection needs. A fundamental understanding of diffusion 

flames has always been found to be very useful in the prediction of fires. In 

this paper, an attempt has thus been made to use the understanding of the soot 

forwarion in diffusion flames ro develop relationships for the prediction of 

fire properties. 

The soot fo~ation in diffusion flames has been of great interest because 

of the relationship ~ith flame radiation and heat transfer, co=bustion effi-

ciency, and emission of particulates and other chemical cornpoun~s some of 

which may be toxic and corrosive in nature. 

:!:n this s::0dy, ~.;e have used the concept: of rhe b.UO~~e point height, Ls, 

·..;hic'r: has been 0sed by ::any investigato;:-s to describe the soocing tendency of 

fuels. L
5 

is defined as the height: of an overvencilated d!ff0sion fla~e a: 

~hich soot just begins to be released at the fla~e tip. The s~aller the value 

of Ls, the greater the tendency to soot. Extensive data for L
5 

are available 

in the lite:::ature for liquid ~nd gaseous fuels 2-B. Many invescigators find 

that L
5 deperids on the nature of chemical bonds and flace t:urbulence. It has 

been sho~u that L
5 

is related to flame t:ernperature (fla~e convection) 6 and to 

In order to use rSe literature data for Ls to develop predictions for 

fire properties, it ~as necessa-ry to perform experililents in our fla=ability 

apparatus. In t:he experiments, sirnult:aneous measure~Jcnts were r2de for L and s 
fire prop-2:-ties of fuels of kno·-u che:nical structures and L val'..les. s In addi-

tion to gaseous a~d liquid fuels, solid fuels were u5ed in rhe experi~ents. 

l 



The radiative co~ponent of the COQbustion efficiency, is defined as 

X, - X 
r. c ( 7 ) 

3. EXP:SRIMENTS 

Experiments ;.;ere performed in our apparatus, sho"'-n in Fig. 110 • For 

gaseous samples, a burner tube very similar to one in Ref. 9 ~as used. For 

liquid and solid sa~ples, a 250 nl Pyrex Erlenmeyer flask ~ith a 14/35 ground 

glass joint ~as used. Tne ground glass joint ;.;as attached to a 0.12-3 long 

Pyrex glass tube ~ith an internal diameter of 0.009 m to reduce the effects of 

temperature on L values. s External heat flux ~as used for solid and lo~ vapor 

pressure liquids; for high vapor pressure liquids, a heating mantle placeG 

around the flas~ ~as used. Ttte :-ate of generatio71 of the fuel ~.~c~o:-s a~d 

flame height '-'ere 'la:-2.d by vacying either the external heat flux or the' 

heating rate of the ~antle. 

1
5 

value ~as ~easured viseally and for the ~~asureoen: of fi~e p~o?e~-

ties, all the combustion products ;.;ere captured along ~ith air in the sa~olin; 

duct of our apparatus. In the duct, measurements ~ere wade for the gas :e~-

perature, mass fractions of co
2

, CO, total gaseous hydroca::-bons (CH), soo: 

and ~easurements vere also made for op::cal trans2issio~ 

through soor, but data have not been discussed in this paper. The gene:-ar.ion 

rate of fuel vapors ~cs ~easured by a load cell assembly. 

In the experiments, data ;.;ere recorded by a computer at a time inte~~al 

of about one second. Data ;.;ere averaged by the compute:- at the s:ea~y state, 

lasting for about 10 mi~utes. Each expe-:-i1.1eT1~ t. .. 2.s perfo~ed at leasr: t·~:ic.e 

and the data were ave::-aged. The accuracy of all the averaged experimental 

data is about ±2:. 

All the ex~e:-im~':l':.S ·-~er-e perEorned under natu:-al air flof-~ condi.rions 2:-td 

thcs reoresent overve~:ilated fire conditions. 



The relationship -~~ and Ls is same 
C-U2 

expec~ed from Eq. (5) for overventilaced fires. 

Predictions of Fire Properties of Fuels 

as he tween \:,. and L~ as 
" 

If it is assumed that the relationships given in Eqs. (8) to (13) are o: 

general applicability, then it is possible to use the L values from the s 

literature to predict xi and fj values for many fuels. Tne literature values 

for Ls, however, cannot be used directly because of variations due to dif-

l l ferences in the experimental conditions used by various investigators. The 

following approach was thus taken in this study: l) relationships ~etween Ls 

values measured by us and reported in the literature, for selected fuels, were 

established separately for each investigator; 2) these relationships were then 

used to recalculate all other L values se?arately for each investigator; and 

3) for fuels which were used by several investigators, the recalculated values 

of L
5 

were ave~aged. The recalc"Jlated values of Ls were then used in Eqs. (8) 

to (13) to predict t~~ v l\:i._ c.n.~ :.: j The predicted values of Xi and ~j 

are listed in Table ll. The det2iled tabulation of the data is ·given in 

Ref. 12. Values of fathers in the table are calculated from the atom balance, 

i.e.' fathers l - [f_,. 
J 

5. DISCUSSION 

Comoarison Between the ?redicted and Heasured Values of Fire ?rooerties 

Table III lists the experimental and predicated data for some selected 

fire prop-erties (fC
02 

or XA and fs). A reaso:1a~le agree;;1er;t can be no:::ec 

between the predicted and ~easured values. Also our precictions for f .... and 
,) 

those of Pagni's 15 , based on entirely different principles, are very similar, 

except for octane and polystyrene. The new measurements suggest that our 

older fr 
0 value of 0. !.8 for 1 7 polystyrene· 

s 

referred in Ref. 15, appears to be 



2nd soo:, in r.:h2t orce.r. Butadiene, ~hich is a: the co~ ~!chin the aliphacic 

fuels group, is expected to follo~ the above aromatic group of compounds. 

Relationship Between the Generation Efficiencies of CO and C0 7 

In combustion systems, the ratio of CO to co 2 is use~ as an indicator of 

the burning efficiency of fuels. For fuels burning under ov~rventilated 

conditions, the ratio will vary w-ith che chemical structure of the fuels. For 

fuels with fixed chemical structure, the ratio will vary with ventilation. 

For fuels ·,.;-i_th variable chemic:::l sti"ucture, burning under overventilar:ed 

condicions, the relar:ionship between fco and fc
02 

can be predicted froTJ 

~qs. (10) and (ll). 'lhe predicted relationshi? is sho'"'-n by the solid line i:1 

?ig. 3. Experimental data obtained undei" variable ventilation conditions for 

·.;ood c:ibs, heptane, and PK."c.-'1. froCJ Ref. ( 18) ;:o (20) have also been induded 

i:l ?ig. 3. Data for e:1closure fires of wood cribs with variable ventila:ion 

were averaged for s!oilar fco values, and were restricted to the flarni:1g 
2 

fi~es o:1ly. Date. in ?ig .. 3 indicate that as fc
07 

decreases, fco approaches 

and ahout 0.08 for heptane and ?K:'~-\, .,r:,ich are no:t-char .:'or-:ning fuels. 

The r-esults in ng. 3 indicate tha:, up to the as;--:nptotic lir:lit of £CO• 

the relationship bet~een fco and fCO is expecced to be the sa~~ tor the 
2 

cornbustion of fuels ~ith: l) fixed che~ical structure and variable ventila-

cion; a:1d 2) variable chemical structure with overventilation. It t:}ay be 

possible to define :he asy~ptotic limit for fco for underventila:ed fires of 

fuels based on their chemical structure. 

Relationship Bct~een ~he Generation Efficiencies of CO and Soot 

Emissions of CO and soot from combustion systems are associated ~ith 

reduced ven:ilatiori and/oi" involvement of fuels ~hich burn inefficiently 

because of their che~ical structures. 

7 

I 
·/ 

' 
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F r o'" Eq s . ( 3 ) , ( ~ ) , and ( l 4 ) , 
--- ------- ---------. 

I • • 
I ~ •• ( f ' I [ J' v d~ + H 1J ) ( q ·~ - q.. ) i I t.j = -4 Kj c .L v ;:s ·rr ' I L_ J o --- -~---- -------- ------- _____ j 

(16) 

is the emis_~_ton_ra te_Q_f~cp_;:;:Jp_9_~:!_:_"1d _j pe r__uni t_f_u~L_s_urf a_~g __ ar-ea 
T 

(_kg/m~. In Eqs. (1 L)' (lS), and (16), f 
v 

cp dT + Hv is defined as heat of 
0 

gasification of the fuel, Lg (kJ/kg). HT3lue~_are_ known from the literature 

':~~~--~j__::;alu~~-~a-~-~-"=-- calculated from the elemental col!lposition of the _fuel. 

~g~ can also b~alcul~_te_~_ f~~=-~he __ l_~te_r_~_t_u_re __ yaJ~~_for _cp, Tv, 

~nd Hy! 1, or can be Deasured. wit~in a generic group of fuels, La increases 
0 

with the molecular weight of the fuel, primarily due to increase !n Tv, and 

ca~ be estimated for fuels of higher mo~ecular weight. The measured value of 

L for PI:: is 1750 U/k£1 7 . g <..;J -
2nd from the relationship between L and the rnolec­g 

Jlar weight of alkenes, it can be estimated that the molecular weight of the 

oligomer produced by t~e vaporization of ?E is about 0.601 kg/mole, which is 

reasonably close to a value of 0.692 kg/mole re?orted for the molecular weight 

O f '- D- 1. { ?--rol··-ls22 _ tLe ~.--.., o __ lgomer ...... ;::, ; ..._y:-,_ .. In a similar fash~on, the molecular weigh: 

or ?? oligomer is estimated to be 0. 7 20 kg/mole. 

From the values of Lg, 1. ,._. 
J' 

and the data from Table II, emission rates 

can be calculated for the fuel vapors and the combustion products for defined 

values of a·· ·fs qrr' for exac:Jple, at the asymptotic limit of qfs - Cirr• •:hich 

is approximately constant for fuels uith variable molecular ueight within a 

·generic group of fuels. within the alfphatic fuels group' L:he asymptotic 

of ± 15% (as deriv-

ed from the da:::a for polyox;r;:;e~":lylene, ?~frt-\, heptane, polyethylene, a:1d Doly-

propylenel, 10, 16,17)_ The e;-nission rates for heat, CO, and soot calcula:erl in 

r-espectively. Experimental rtata for PE and P? are also included in Fig. b. 

~b~-~7::issio;) :-2tes dec-rease :..~i:~l increase :.r: t;:e molecula:- .._~.~ight o: t;""',e ~uel 

because of(\-;-:: increc.s-:: of L§; du·:: r:o inc:-ease ofT ... ,. 
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NOMENCLATURE 

specific hear (kJ/kg K) 

emission r-ate per unit fuel surface 
? area (kg/m-s) 

generation efficiency of compounds j or oxygen depletion efficiency (-) 

generation rate of fuel vapors (kg/s) 

Hco heat of conbustion of CO (kJ/kg) 

H 
v 

k. 
J 

L 
g 

a .. -
• l:" s 

net heat of conplete combustion (kJ/kg) 

heat of vaporization (kJ/kg) 

m2ximu;u possible total (theorecical) yield of compound j o::- stoi:::hio;-uetdc 

nass oxygen to fuel ratio (kg/kg) 

heat of gasi~ication of the fuel (kJ/kg) 

snake point height (rn) 

total :-c2ss f:Co·-' rate of co;ubustion prodJct-air Gixture (kg/s) 

actual heat release rate (k~) 

total (theoretical) heat release rate (k~) 

rla~e heat to t~e surface of the fuel (k~/~ 2 ) 

q__ surface heat loss due to reradiation (k~/n 2 ) 
' c 

gas tenperature above ambient (K) 

vaporization temperature (K) · 

mass fraction of compound j (kg/kg) 

v 
"j yield of compound j (kg/kg) 

combustion efficiency (-) 

convective component of conbustion efficiency 

Xp_ radiative component of conbustion efficiency 

Subscripts 

i heat 

ll 
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Fuel 

Methanol 

Ethar10l 

Acetone 

Pentane 

Isop:=-o:Ja71ol 

Hexane 

Nylon 

Ethylene 

Ee?tane. 

?~'L'I. 

Cyclohexane 

Isooctane 

Polypropylene 

?olyethylene 

Propylene 

?ol:'-'s tyr:-ene 

Toluene 

:\ no: 2easured 

L 
(m) 

N 

0.225 

0.205 

0. 15 5 

G ~ l4 3 

0. 125 

0. 120 

o. 106 

0. ll 0 

0.105 

0.085 

0.080 

0.050 

0. 045 

0.029 

0.015 

0.005 

TA.BLS I 

Experimental Data for Smoke ?oint Height and 

Selected Fire Properties of Fuels 

0.97 0.83 0. 14 0.97 0.001 0.001 N 

0.97 0.74 0.23 0.97 0.001 0.001 0.021 

0.96 0.73 ().23 0.96 0.001 0.001 0.022 

0.94 0.65 0.29 0.94 0.002 0.001 N 

I' 01_ - - " ~~ 

c.~:. ~:·. o·:<,_ C.J:J~ " ,, 

0.93 0.63 0.30 0.93 0.004 0.002 N 

0.90 0.58 0.32 0.90 0.004 0.002 0.030 

0.91 0.61 0.30 0.9l 0.003 0.002 0.0)2 

0.93 0.61 0.32 0.93 0.004 0.003 0. ,J 3 2 

~ q-v. /) 0.63 0.32 0.95 0.006 0.001 0.027 

0.91 0.56 0.35 0.91 0.005 O.OOl N 

0.91 0.60 0.3l Q. 91 0.007 0.003 ,. ,, 

0.89 0.52 0.37 0.89 0.015 0.803 0.050 

0.87 ·0.50 0.37 0.86 0.013 0.002 0.060 

0.81 0.41 0.40 0.81 0.011 0.006 0.064 

0.66 0.26 0.40 0.65 0.027 0.023 0. 10 l 

0.68 0.28 0.40 0.68 0.030 0.023 rJ. 1 ?(i 

i) 
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Fuel 

Butyrate 

Laurate,oxalate, 
malonate,lac.tate 

C-:-1-N Structure 
Ac.ines 

C-::-s S::::-:..;c:.:~:-e 
Me::-capta~- and 
Sulfides 

C-'-' Structure 

Cyclic Arenes 

-c-~-o Structure 
Alcohols 

Ketones 

Aldehydes 

Ester-s 

C-P.-N St rue tu re 
k:lines and 
Heteroc.yLics 

C-H-S Structuc-e 
Mer-c.aptans and 
Sul:ides 

~- ~ot predic:ed 

C ato;ns 

S to D 

7 to 8 

4 to 14 

4 to 12 

6 to 12 

6 to 21 

l:J to 12 

9 to 12 

7 to 3 

ll 

7 

9 

6 t 0 ll 

6 to 3 

TABLS II 

(continued) 

0.97 
0.93 

0. 72 
0.63 

0.25 
0.30 

0.97 0.7l 0.26 

0.90 0.57 0.33 

0.90 0.57 0.33 

0.71 0.30 0.41 

0.76 ().36 0.40 

0.68 0.27 0.41 
r r . , _.-.....::. 

0. 7l 0.30 0.41 

0.76 0.36 0.40 

0. 75 0.35 0.40 

0.76 0.36 0.40 

o.73 o.J2 o.:.1 

C.67 C.:6 0.41 

l7 

0.97 
0.93 

0.90 

0.90 

0.70 

o. 7l 

0.76 

0.75 

0.76 

CL 6 7 

Eco 
xlOO 

0.20 
0. 31 

0.22 

0.43 

o. 4 J 

3.80 

~. 95 

3.49 

2.01 

7 ? r ---0 

l. 96 

3. 00 

rcH 
xlOO 

:J. ll 
0. 15 

xlO 

0.24 
0.30 

O.ll 0.24 

0.21 0.36 

0.21 0.36 

1.58 _.t .. J2 

0 .. 35 ·:J .. 39 

7 I ~ -. - _) 

' f r l. ~ 0 

l. 59 

1. 25 

0.87 0.90 

0.97 0.97 

0.85 0.89 

1.26 i .. l~ 

2.50 1.76 

~ 

~others 

xlO 

0.04 
0.35 

0.03 

0.53 

0.53 

1. l ~ 

l .. 3 ~ 

0.88 

l .-lS 

l. 20 

1.21 

l. 2 2 

l l 3 

0.67 



?lGU?.:: CAPTIO\S 

?ig. ?lamma~ility apparatus 

?ig. 2 Combustion efficiency and its convective and radiative campo-

nents as functions of smoke point height 

Fig. 3 Relationship betYeen the generation efficiencies of CO and 

Solid line represents our predictions for fuels ~ith 

variable chemical structures. ~xperimental data points con-

nected by dashed lines are for variable vencilation conditions: 

0 , en c los u r e f i r e s o f '•10 o d c r i b s , ?,e f . 13 ; • , He p t an e , 

K.ef. 19; II, w-ood cribs, Ref. lS; * ?~LV~.\, ?.e£. 20. 

Fig. Relationship between the generation efficiencies of sooc and 

co. Solid line represents our predictio:1s ror ' ' rueJ..S with var-i-

che~ica~ structures. SJ.=l':lols connected by li::e:s 

r:.ondi~i.J:-:s, Re:. 20 .. 

Fig. 5 Estimated emissio:1 rates of heat, CO, and soot as functions of 

the molecular weight of alkanes for overventilate~ fires. 

?ig. 6 :::stimate::l emission rates of heac, CO, and soot as functions of 

~olecu:ar weight of alkenes for overventilaced fires. 

sy~bols represent experimental data for polyethylene and 

polypropylene. 
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STATE Of IIIE\oll loo(f.XlCO 

Environment 

Department 

PERMIT NO·-----­
(AQB assigned) 

NEW MEXICO ENVIRONMENT DEPARTMENT/AIR QUALITY BUREAU 

PERMIT APPLICATION AND REPORTING OF OPEN BURNING FOR 

PRESCRIBED/PRESCRIBED NATURAL FIRE AREAS 

PERMITTEE: USDA_ USDI_ BLM_ :Nill.,ITARY_ DOEll_ PRIVATE_ OTiffiR_ 

ADMINISTRATIVE UNIT: Technical Area 14 
COUNTY: __ lu,o~s-""A...~.l...,aiLlmo........,s,__ ______ _ 

CONTACT:_...=S:...:t::.:::e~v_:::e~F~o::.;n::J
.qL/L:=:e'="l~an~d~Ma.:s:::::e:::z~--------

PHONE: 665-5534 /665-J 240 

NAME OF BURN": __ B_urn __ c_a-=g'--e _____ _ LOCATION: Los Alarms National Laboratory 

(Township, Range, Section) 

PROPOSED ACREAGE See Attach. FUEL LOADING DETERMINATION METHOD See attachment 

TYPE OF FUEL __ S.;:_e.:....e.;..__a;::...t..=.t.::.a.:....-c.::..;hrne=::::n:.:..t"----------- TONSIACRE _ _:S:..:e:..:e:::_::a:::.:t::.:t::..:a::::c:.:hme=.:.::::.:.n:..:t::__.. _______ _ 

Is burn likely to impact a smoke sensitive area? Yes No X 

If yes, please attach a map of smoke sensitive areas (Include distance and direction). 

Smoke sensitive areas include: Class I areas as well as other scenic and important views, urban and rural population centers, hospitals, nursing homes, schools, transpor+..,.tion 

facilities such as roads, highways, and airports, recreational areas, and other locations that may be sensitive to smoke impacts for health, safety, and/or aesthetic reason"-. 

Signed __________ ~--:-:::-:--:----------
--- Date _________ _ 

Name and Title 

Joseph Vozella, Asst. Area Manager, Office of J::r~vironment ~' Projects 

Submit to: New Mexico Environment Department, Air Quality Bureau 

2048 Galisteo 
Santa Fe, NM 87505 

This application has been received by the New Mexico Environment Department and is 

APPROVED DENIED for the following reasons: ________________________ _ 

This permit is approved for the following dates::::---:-::-:--:-::----:--:--::--:-:--:-----:--:---------------------­

and is subject to the conditions set forth in 20 NMAC 2.60 and the following conditions: 

The Department reserves the right to cancel this permit at any time lfthe public interest so wvrants it. The holder of this permit Is therefore cautioned and charged that he/she. 

and he/she alon~ assumes full responsibility to exercise the utmost care and judgement before Igniting any prescribed fires. The Envlronm.,nt Department hereby disf:laims any 

and all liability of itself or It's agents that might be Incurred by petitioner's acts. 

Signed __________ -:--=-------:----------------- Date ________________ _ 

Name and Title 

NMED 8196 White - Applicant; Canary· Applicant M2in OffiCG; Pinlc- Air Quality Bureau; 
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ATTACHMENT A 

LOS ALAMOS NATIONAL LABORATORY 
APPLICATION FOR OPEN-BURNING PERMIT 

IN TECHNICAL AREA 14, BURN CAGE 

DATES BURNING REQUESTED: 

A single bum scheduled for either March 4th or 51
h is requested in order to mitigate the 

safety hazards posed by high explosive (HE) contaminated burnable waste. This bum is 
required to keep the HE waste from accumulating to dangerous levels. Safety and storage 
requirements dictate that waste burning must occur every 90 days as needed. 

EXACT LOCATION AND DIRECTION TO SITE: 

The bum will be conducted within Los Alamos National Laboratory boundaries at 
Technical Area 14, in the bum cage located near mound. 3, just south of the Control 
Building (Q-23), and south of the magazine storage building (Q-22) (Attachment B). The 
site known as Q-Site East can be accessed by properly cleared or escorted personnel via a 
paved road offR-Site Road. However, the road is not accessible to the public and is 
administratively controlled. 

TYPE AND QUANTITY OF MATERIALS TO BE BURNED: 

The bum contains a maximum of 50 pounds of HE contaminated combustible waste 
placed inside the bottom grill of the bum cage. Each bum requires approximately a 1/2 
gallon of excelsior or non-metal and non-halogen containing volatile organic compound 
to be used as a starter fluid. The starter fluid is placed in the bottom section of the bum 
cage or sprinkled over the HE-contaminated waste to aid in ignition and combustion of 
the waste. The waste consists of small amounts of HE, rags, paper, sample containers, 
Kimwipes, toothpicks, and other processing and clean-up waste. 

METHOD OF IGNITION AND HOW BURNING WILL BE MAINTAINED AND 
CONTROLLED: 

The Standard Operating Procedure (SOP) that will be followed during the bum is 
attached (Attachment C). It covers the hazards involved and precautions to be taken 
during the bum setup, method of ignition, and the post bum observation period. The SOP 
also covers unbumable material inspection procedures, receiving and placement for the 
bum, and disposal of the flashed material. The ignition method is a remotely operated 
electric match. 



WHY IS BURNING NECESSARY: 

The burning is necessary to mitigate the hazards associated with HE contaminated 

material generated during testing and operations of new HE having unknown properties 

and characteristics. Open burning is very effective in eliminating HE contamination of 

burnable waste so the safety concerns associated with burial disposal can be minimized. 

ALTERNATIVES TO BURNING AND REASONS WHY ALTERNATIVES ARE 

NOT FEASIBLE: 

There are two alternatives to open burning. First, the direct burial of HE contaminated 

material is possible. However, this practice is contrary to the Laboratory's policy not to 

transport or move material resulting from any process associated with high explosives for 

safety reasons. For HE contaminated waste generated during testing and operations of 

new HE, this policy prevents accidents which might.occur from the presence of HE 

residue remaining on the burnable materials. \Vhile this scenario is unlikely, there is a 

finite probability of its occurrence. 

The second option would be to thermally treat the waste material in a thermal treatment 

oven or an incinerator. Due to the possibility of detonation at high temperatures 

occurring from contamination on the waste as well as some of the potentially explosive 

solvents, the treatment unit would have to be constructed of special materials. 

Emission estimates and impacts are presented in attachment D. 
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\f-l:SOP 6.1.5 
Revision A 

Destrudion of HE-Contaminated 
Waste and HE \:Vaste 

:-.-1-1 

STA.1'\JDA..RD OPERA_ TING PROCEDURE 

FOR 

DESTRUCTION OF 
HE-CONTAMINATED WASTE AND HE h'ASTE 

Approved by: 

" ,.-,.,--,-0\'ed b, .. • -..:-' 7'1. J. 

Final A-oproval: 

0 ,-.. ' . ,/ 
:_•·.: .• :'1 ;.;,(!I\ 

rRs·· '11' 1 - .• nne, .•-

:\f-D() 

HS-5 

6.1.5 

---------------------------------C. B. Bieri, Group M-1 ES&H Officer 

Date: 

Date: 

Date: 

\!arch 1993 
?::E:: 1 cf 15 

uus SOP has be€n approved by M-1 a..,.'1d M-oo: While ·,..;e await final 
:-eview from HS and' other gro~ps as deterrnined by HS, we are using 
:."-is SOP as v..Titten. If more than 30 days have elapsed h"iL~out action 
by reviewing Groups outside M Divisio~, trJs SOP 'will be regarded by 
:he .\1-1 Group Office as having the full force of complete and 
c.:nqualified endorsement. 
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.\'i-l:S()P 6.1 . .) 
ReY\sion A 

Destruction or HE-Contamin3ted 
\Vaste and HE \liaste 

.\iarc:-: 19'93 j 
P~~c 5 ·:·:- l5 l 

1.0 I?--ITRDDUCTION 

Croup M-1 does tests and operatic~ on ne\'<" high-expiosi ve-s :c.'"'. at ha ':~ 
un.k.rwwn proo€rties a.."l.d characteristics. Tnese OP€rations ger1erate waste that 
carmot be S€nt to \cVX-3 for disoosal ::.e.cause of its. ur,c.."rla.rac;eriz.ed nah.;re or 
experi::-nen:al history. Ttl.ese wastes a.re destroyed at Q-Site East by eithe:- DU.<'-rti:t.g 
or detonatwn. 

2.0 PlJRPOSE 

The pt.:.rpose of this operation is to saiely destroy h""E waste a.:-'.C. h'"E-corc:a..,,i;:--,ated 
v.'aste origina:L."l.g irt Group ?Yf-1. T.-cis SOP is closely :ied to .\1-l:S()P 6.1. 

3.0 ·SCOPE 

Tr,is SOP applies to all .\~-1 personnel who perform the burr:irtg and de:::lrtation 
operations. Tnese operations shall only b€ perforrr,ed by Group .\f-1 peSJnne! ar 
Te-ch.r:.ical .~ea (TA) 14 (Q-site), Builciing 23 and the adjacent firing are::.. 

4.0 DEF1NTI10NS 

HE-Contaminated ¥1/aste: 

HE Waste: 

5.0 RESPONSIBiliTIES 

5.1 Group Leader 

.\1aterials such as rags; pa?er; sa.rrlple 
containers; Kim...,.,ic-es; tcothpicks; other ' . process and clean-up waste. 

Damaged or susp6..""t de,ice-s, explosi':es :l:at 
\..-no wnr1ergono -e\'.:>re '=._;ng PX~,-;r--pn;,! !l.O.'r.._ - l- ~ - ~~.;)l.:.. , .._. ~-..;;.:. .. _ ...... ~._ ... ,~::..__ 

explosives, exo!osives of te~,';)Ora::-1: i:-.cerest, 
newly syntheSiz2d compoU.:.I.ds, ne:,.; 
::-tixture-s, and sose salvage explosives. 

• Ensures that the necessarr oolicies, orocedures, e-oui:Jment, exve::-tis-2 
(training), and manpower ~re availa.ole for t:Us operation and· 
delegates the responsibility for implementation of details to a Lne 
Supervisor. 

5.2 LL.'1e Supervis-or 
• Imolements the details for safely ~rfonning these oc-erations. 
• Ch~S€"5, along with the Group Le~der, the Fi..ring Sit~ Leader. 

5.3 Firing Site Leader 
• Has orima.-y responsibility ior safe oo-erations. 
• Supe'rvises routine burni;g and detonation oP€rations. . ~ ' • Trairts ooerators. 
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6.1..2 Detonation Operation 

h'"E ·,..,·aste s:Call b€ destroved bv detonation on \iouT1.d 3. ' / 

6.1..3 Weight Limitations 

Weight lir:citations are as follows. 

Operation Weight Limitation 

Burning / SO lb of combustible-s in eac.l bu:-:l 

Detonation j10 lb per shot 

Personnel Limits 

The oerson.i'lel limits in M-1 :SOP 6.1 shall 1J.e followed for this 0'2-?ration. ' . 
6.3 Transportation 

The requirements for tra.r1.sporting HE -con tam.ina ted waste and small s~-:-.::; i es 
of~ ·,;,.·c.s':e for 'uu.:-n.ing a.:--.d. dt:touacon 2.r2 listed >elov;. 

• Waste shall b€ transported to :--A-14 (Q-Site) in 
accordance with M-i:SOP 1.9 for on-site tr~'lsporta:ion. 

• No qua.I'lti ty greater L'ta.n that which can be disposed of 
in a single day shall b-2 transported to Q-Si te. 

• 0Derators will be told h·here HE waste is sto:-ed. 
' 

6.4. Storage 

Tne followi..r1g storage precautions shall be ta..l.:.en ~or ma~e:-ia.ls to '::-2 bL:r7".ed 
a.I'ld to be detonated: 

• ill-contaminated wastes are stored in Magazi:te 
:\E-208A at TA-9 while awaiting destruction at Q-Site. 
The waste 'Yvill 1J.e labeled 'Yvi.th its contents by the 
generator and labeled "Hazardous Waste" by the W2.ste 
Management Coordinator. 

• At Q-Site, the exp!osive-contaminated waste will b-e 
kept in Room 104 of Building 23 while "in process." 
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7.1 Burn.L"rl.g Operation 

Follow the steos below for de-strovi:'.g HE·conta:rni.nated waste. . -

Action 

1 j Short the end of t.l-te d-::tonator cable. 

2 Attach one or two igr.itors in parallel to L.~e firing cable a..'""\d place them in the fuel space. 

3 Sprinkle rue! on the HE-con~aminated waste to enhance de-strJ.cton of the waste and aid i.:t i~Z?.it:i.on. 
'-' 

Note: Use only volatile hyc:-oca:rbons, such as acetone, toluer'.e, 
fuel oil, hexane, as a fuel. 

I CAUTION I 
DO NOT use any material that contains metais or halogens in its 
molecular composition. If in doubt, check with the ex~erimen:e~ ;, 
charae of 0-Site. 

4 Cover the top of the bum cage Mth the ,.,ire mesh pro"Yided to 
minimize the escape of burni:--,g particles. 

J I Fire the ignitors using the firing control unit in Room 101 of B '}ri',-, "23( Ml·SQD6·) Ul ....... L,g \.t"- 52€ i --· " .l _. 

Note: The siren will go through its norrrial sequence, but L.~e Firi:-lg 

I 
Supervisor may turn the siren off after detennini.ng that tk'.e 
burn is progressing xtisfactorily. 

6 • Wait for at least 10 minutes after visible flaming has stopped and 
• Then sound the "all-clear" signal . 

Note: Ii there is still a considerable ainount of smoke, the Fi.:ing 
Site Leader must u~ his judgment about delaying the all-
clear signal. 

7 In the event of a misfire, do not approach the ..area until at le.ast 10 minutes have elapsed vvi.thout any evidence of tlames or smoke 
in the burn cage. 

8 DO NOT u~ the burn cage for another burn operation for 24 hours. 
9 .A...fter 24 hours or more, remm.·e the ashes and Place in the satellite . . storage outside Building 23. 

iO I Cover the bli.!""T1 cage >·1:i d1 a ta..-p. 
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Waste generated from tf..ese o-p-erations shall b€ ?ackaged rued c±:s?<Jxd of 
according to M-1:SOP 1.5. \-Vaste minimization ·,·,rill b-e har,dled accorcing to 
the M-Division Operations Manual. 

7.5 Emergency Procedures 

LL Ll-ce event of an EI:'lergency situation, the Building Emergen~,· ?lar. (3~F) I 
Site Emergency Plan (SEP) shall be followed. The BEP /SEP shall b-e available 
in Building Q-23 and the operators shall be fa.rr1i.liar 'NiL'L its co:-::ents. 

8.0 REQu1RED RECORDS 

• M-l:SOP 6.1 

• Compl-eted ru'ld signed. Shot Sh~t (for deto!l.ation or D'.l~,ing) 

• M-1 Q-Site Che<:k !-ist, Burning of H:E-Ccmta.Lninated Waste 

9.0 REFERENCES 

• OOE Explosives Saiety Manual 

• Los Alru.'Tlos Environment, Safety, and Health Manual 

• M-Division Ooeratio:t Manual 

• M-I:SOP 1.5, Disposal of Haza1'dous Materials 

• \1:-l:SOP 1.9, Packaging a.11d On-Site Trc.r.sportation or :::xpiosivo 

• M-l:SOP 6.1, Q-Site East (TA-14) Firing Operations 

10.0 A IT ACHMENTS 

I. M-1 Q-Site Che<:k List, Burning of h""E-Conta.minateC. \Vas:e 

II. Hazardous Waste Facility Permit 
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M-1 Q-Site Check List 
_Burning of HE-Contaminated Waste 

. , 

Requester 

Charge Code 

Date Burned 

Shot No. 

This c.1ecklist is intended for use as a saietv SU:J:Jlement to M-1:50P 6.1.5 "~t::--J.c­tion of HE-Contaminated Waste and Wast~ HE.'~ All O.:Site users r:1ust be ia::ciliar with Group M-1 SOPs 6.1 a..'ld 6.1.5. "G'"lis checklist should be reierTed to by the Fi.ring Supervisor subse-cp.:ent to bumi'lg in the btL.'"n cage and prior to final a..--:ni..'"'.g. h-.. the event of a r:1isfi.re follow the w1eck.list on the other side of t:1is ?age. 

OK ~~/A 

CJ u 
0 u 
!1 it 
--.: -
u u 
u u 
u u 
u CJ 

u 
u 
i_j 

u 
u 
u 
I_J 

u 
u 
0 

u 

u 
u 
L_J 

u 
i....J 

i....J 

0 
0 
l_j 

>....J 

1) Secure a..'ld dear area. 

:?.) E:1.sure bw--:t cage is clean. 

"),) Q'"'-"'"' -:.11 --,.loc::: "!ld nhs;.;C co~•aine'"S "-' :--~ ..... u..;. ... b.(c..._)~ .......... :-'"'"-- u. J.t~ .i ..1. • 

4) Place contai..'lers to be burned on grate. 

5) Place fuel material in bottom of burn cage. 

6) Short end of detonator cable .. 

7) Attac.l,. i~tors to detonator c=.bl-:= and place igniters :...'l fuei 
material. 

8) Sprinkle fuel on waste material. 

9) Cover top of bum cage "'v'vith \\.ire mesh. 

1 0) Con..'1ect detonator cable to CDU. 

11) Start fi.ri .. 11g sequence. 

12) Fire ignitors. 

13) Observe burning. 

14) TuJn off siren (do ;\;QT sound "all-dear"). 

15) Wait 10 min. after fla..T.e has s~opped a..11d sound "all-dear.·· 
16) A . .~."lother batch cannot be bu..-:-.c-d LU"ltil 24 hours has elapse-d. 
17) Clean up ashes (after 24 hours) and place in satellite storage 

outside TA-23. 

18) Co,·er bum cage hit..""t tarp. 

Signature Date 

Date: ____ _ 
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~crzzrrbnus ~ crs±£ l! cr.ctl r±-g 
{§'zrm!± 

PP~~IiiH: 1J .S. J•~r~~ il"t ::;I ~-""~r;y iJ .'it,;.',H L"-: :'i.Y.::--,oo 1:; S 1 5 
IJ,"'\1"'.-ni o::y of uiil:;r:-o~ ~ '·•"; tr:-':1 

L OCA iiON: L01 Al-1m01 .'-loo1 :.J 0<':~1 LH>cr oo~:o..-,, ; f.'_l,(J7 .'-ltJ.',H £"' : 
Lo-sJJo~m01, .'-1.\.J, !75J.S NM~1C51S.l 

;lu~U":"t :o t:".t Solid Woo~1:f ::lil::cHI Ac-:. •1 •·-:-•""t:~ !r :~t .l.~urc. 
~1':::0<1 ._.~ .~4-<::r-t~ A.c: \~C..,~l. •s .L-:-. ..-..<:t-j (.t.~ ' .. U .. C. 6~ I, tt r.,.q.J, a.r><: 
'-"~• ~ M-.:i<:o HU . .L"'::0\.:1 Woo~r:t AC: [5! /L-J.-1 H ~ .'IM'U : Hll. l ~·1'1 :s 
iu..:.-d :o ~"'t U.S... Otooo~r-7-tnt ::;1 !:-:er;-y'1 ~01 JJ~.Oi Aru C~ct •:~d ~· 
Ur.:i~~,. of c..tlifcrn, .. ~t<;tr'ltS, :::oir~q ~~W'1~ a L:::1 A!~m01 ."l~uonoo~l 
Ui:>ont.Ot")', (he-ru~~ Clil 4-<i ::"".t ?~~~~U) :o OCffl:t j ."1Hir:!C'\J1 wH1e 
i~~.,:)(', c.:rr-...&Jn~ r...cr~t ~ :..Jr.x: ::-tat.-:-.t":":'t V>d 1:o.n~t flelity ...: ~· 
I <X.J ti Ot'1 > ~ u-d "'ecv.. 
int "~i'::H m:.."f't c:>moiy .,.,.;-:_.,all ~"'~• t~ 1 . .-.d (:)r"''di:::l"'1 of ~s ~t. 'ihi\ 
~it '~m crl -:."'t ~:.f'.di:=0<"1 c: .. -:~rf-<i .":t-r"ffn 1:'\C:.;:::~ ~ r-......K."''m~ 
ADQ(ia..o/t ~\ic:)r.'S of ~..;!~:J~ C~t-j Ht ~~OW .,..":1~; 1.n1 1:'1 tf+..::-: 0(1 ~· 
tH~vt dltt ot :~i1 ·;J~lt., ~~ Mtuco ."'~urdc·-1 N~~• ,o.,.<...., .. q,~•nt 
.t:~ ... d~-::0<":1 (.'1WMI1:·5. H .v:'l....-:c...::: : ~- -::-,;1 :l~ \.-.Ill ~. 1:-1f'<":'Mf tn 
..C~-It'<t wit.., 1-!WM~·S, ?u-: IX, 1-4<"...:0<":1 9-Cl..t. ~ r:l:.~ . .....-...:: 1.1"~ r..;.n fOt ~ 
~<>f ot ~fon yu.n. 

i"'-:i1 ~tis~ Of1 ~ ~0<"!1 of r,-y<yMif.-1, ~1 ~i-t i1 ~~ ~ 0<"1 
:;"'lt U~&.~:'!':-:ti0<"1 ..... _.t ~I infc:.~~t~e-or. C:)<'ltoolu~f-<i in ·~"·• ;H:-:"'tt ~cocic;&tl0<"1 11 
..c::..r .. a ~ ~ t."'it l~lity .,.,.;il:... ~tt-j l'1 ~-.:~..c :.-: ~-:• ~:::oliu-:::0(1. 7"1\t 
~'t ~P9iic..r.i<X1 (0('":'11f':l O'f in+ocm~tiOf'l ~:l:-:"'I:':tw:j 0<"1 .l.~~r:_-, 27, 1'3"; (~ 
0<"1 ~~ ll., ~~ ~ !-l~e--1~. i9t7; ~r-d );.;=>9't~.-r.tt-j 0<"1 !-<.~o-t-r 
1. 1~ ~ ~ n-um~ :K"'.r.iu..J ci~..:..u.i~-

Arrr i~• f-oc._-.::j in ::-r.. i~~':::Ot'1 .~ry !:>of ~r:::1 fOt' -:• ·~..ir ... -:00"'1 
ot ~ ~ '.1'rs ~! 1.f'ld ;>Ot~ ~ ~ ~ K:: 0<"'-

......: '~ . ,:::"! t!::J ,.u1%:::~ :::r 
'-

~r.:ltq !!!:10 E:1:Ii::ln=.r:::! ~!p=.:!=z!1! 
'Ent1ir;:n=:tn±!I13 :::1:::-:::Jr=•=! .Bi::i•(a:t '- .. J ._ 
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TECHNICAL APPROACH TO ESTIMATING EMISSIONS AND THE AIR 

QUALITY IMP ACTS FROM THE OPEN BURNING OF HIGH EXPLOSIVES 

CONTAMINATED WASTE CONDUCTED AT TECHNICAL AREA 14 

Air emissions resulting from the combustion of high explosives (HE) contaminated waste 

consist primarily of carbon monoxide (CO), oxides of nitrogen (NOx), particulate matter 

(PM), volatile organic compounds (VOC's), sulfur dioxide (S02), and heavy metals such 

as lead (Pb). Detailed emission estimates for wood, paper, and plastics were performed 

for this analysis using AP-42 emission factors developed by the Environmental Protection 

Agency (EPA) found in the July 1995, Version 4~0 ofEPA's Air Chief; available on CD 

ROM. In addition, emission estimates for the combustion of solvents were performed 

using emission factors and equations presented in the document titled "Prediction of Fire 

Properties ofFuels," A. Tewarson, Factory Mutual Research Corporation, 1986 

(Attachment E). Emission estimates for the combustion of HE were performed using 

emission factors compiled from data provided in the documents titled: "Emissions from 

the Open Burning or Detonation of High Explosives," R.V. Carter, U.S. Army 

Environmental Hygiene Agency, 1978; "Air Quality Impact Analysis, Open Burning of 

Explosives," Department of Energy, Pantex Plant, Amarillo, Texas, Radian Corp., 1990; 

"Lawrence Livermore National Laboratory (LLNL) Explosives Handbook Properties of 

Chemical Explosives and Explosive Simulants," B. M. Dobratz, 1981. Table 1 shows the 

typical profile of the constants of a bum as well as the emission factors from the sources 

described above. 

TABLE 1. BURN CONSTITUENTS AND ASSOCIATED EMISSION FACTORS 

Waste 
····. .... ·: 

.· ..•• . i:> •·•. 
. :. .... .· ·: . . ····· . . . . ·'': ;-; ' . . . ·. . . 

:········ 

Amount. •·.·· " Emission Factors (lbllb of material burned)· • .. ·. · · 

.... , 
" ·.·.::.NOx .i .. ··. . .... 

< fiF ··· :··-··>a<::t 
r'ype :. ' Burned co voc PM •. S02 . ··•· 

Wood/ Cardboard 10 lb 0.!3 0.001 0.11 0.02 0.001 N/A N/A 

Plastics/ Paper 30 lb 0.04 0.003 0.02 0.01 0.001 0.0001 0.004 

HE 2 lb 0.05 0.13 0.005 0.27 N/A 0.050 0.028 

Solvents 8lb 0.01 NIA 0.02 0.04 0.05 N/A N/A 

("' 1 gal) 

Emission Totals SOib 2.66 0.30 1.86 1.16 0.44 0.07 0.16 

(lbs) 

'·' ···•· ' 

Pb . 

JE-07 

N/A 

N/A 

!E-06 

9E-06 



HE Contaminated Waste Solvent Mixtures 

Approximately one gallon of HE contaminated dilute solvents generated during 

HE processing operations at LANL are included in the waste burn at TA-14. The average 

make-up of the dilute solvent solution is 30% methanol, 25% water, 20% acetonitrile, 

20% tetrahydrofuran, 5% of any the solvents in Table 2. Combustion emissions were 

estimated using emission factors and equations from A. Tewarson, Prediction of Fire 

Properties of Fuels, Factory Mutual Research Corporation, 1985. Table 2 gives the 

chemical properties and assumptions required for the emission calculations. Emission 

estimates from solvent burning are shown above in Table 1. 

TABLE 2. CHEMICAL PROPERTIES OF HE CONTAMINATED WASTE 
SOLVENTS 

·~;·~·-.. SOLVENT TYPE 
' '"",·'<. •.. . .MOLECUL;\R . DENSITY .. NUMBER OF ASSUMPTIONS U 

··· WEIGHT (gl~ole) 
.. ·:· .... : :· 

, (g/ml) · :. CARBONS.·:·· 1. FOR CALCULA ·:fl .. 
methanol 32 0.7914 I experimental data available 
acetonitrile 41 0.7868 2 c2 linear alkanes 
tetrahydrofuran 72 0.8888 4 C3-C6 linear ketones 
methyl ethyl ketone 72 0.8054 4 C3-C6 linear ketones 
buty I acetate 116 0.8825 6 C5-C 10 acetate 
ethyl acetate 88 0.9003 4 c4 acetate 
toluene 92 0.8669 7 experimental data available 
ethanol 46 0.7893 2 experimental data available 
acetone 58 0.7899 3 experimental data available 
cyclohexane 84 0.7785 6 C5 -C10 cyclo alkane 

High Explosives (HE) Waste 

Waste HE, generated during HE processing, can consist of a number of different types of 
HE and associated binders. Table 3 gives a representative list of the HE waste 
composition found in process waste burned as well as amount of combustion products 
formed. 



TABLE 3. EMISSIONS FROM THE OPEN BURNING OF HIGH EXPLOSIVES 

High Explosives, Composition Quantity Combustion Products 

Propellants, Fraction Burned (lb) 

and Binders .. (lb/bllrn) .· .. · I CO ...... ·N()x· • ·VOC · .;c.· .. · ... : , PM 

TATB'1·
2l 0.21 0.42 1.09E-02 2.92E-02 1.93E-04 8.17E-02 

NT0'1·
2 l 0.18 0.36 1.01E-02 2.70E-02 1.80E-04 7.56E-02 

Pyroxylin'1·
2 l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

Comp B'1·
2J 0.04 0.08 2.00E-04 1.48E-03 N/A N/A 

LAX 112'1·
2 l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

RDX'1·
2l 0.04 0.08 2.09E-04 1.50E-03 4.17E-03 N/A 

DNT'1 ~2 l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

Nitroguanidine'1·
2l 0.04 0.08 2.22E-04 1.50E-03 N/A 2.34E-03 

HMX'1·
2l 0.04 0.08 2.22E-04 1.50E-03 N/A 2.34E-03 

PETN'1·
2l 0.04 0.08 2.00E-04 1.48E-03 N/A N/A 

TNT'1·
2l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

HNS<1
•
2l 0.04 0.08 2.18E-04 1.15E-03 1.58E-04 6.48E-03 

Barium nitrate'3•
4l 0.01 0.02 N/A 7.00E-03 N/A N/A 

Cyanuric acid'3.4l 0.01 0.02 2.20E-03 1.76E-02 N/A 1 .76E-02 

Pentek'3.4J 0.01 0.02 2.20E-03 1.76E-02 N/A 1.76E-02 

Exxon461 '3 .4l 0.02 0.04 1.00E-03 N/A N/A N/A 

KFE'3·
4l 0.02 0.04 1.00E-03 N/A N/A N/A 

Polystyrene'3·4l 0.02 0.04 2.20E-03 N/A N/A N/A 

Estane(3.4J 0.02 0.04 2.20E-03 N/A N/A N/A 

Viton<3Al 0.02 0.04 1.00E-03 N/A N/A N/A 

BDN PA-F'3.4l 0.02 0.04 2.20E-03 N/A N/A N/A 

DBP'3.4l 0.02 0.04 2.20E-03 N/A N/A N/A 

DOP'3•
4l 0.02 0.04 2.20E-03 N/A N/A N/A 

CEF'3 .4l 0.02 0.04 1.00E-03 N/A N/A N/A 

TOTAL 1 2 5.06E-02 1.31 E-01 4.86E-03 2.71E-01 

Emission factors from Roy V. Carter (June 1978), Emissions from the Open Burning and Detonation 

of Explosives. 

2 Emission factors from U.S. Environmental Protection Agency (June 1995), AP-42 Air Pollution 

Emission Factors. 

3 Emission factors from Radian Corp. (July 1990), Air Quality Impact Analysis, Open Burning of 

Explosives, Department of Energy, Pantex Plant, Amarillo, Texas. 

4 Emission factors based on chemical structures from B. M. Dobratz (March 1981 ), LLNL Explosives 

Handbook Properties of Chemical Explosives and Explosive Simulants. 
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Air Quality Impact Modeling 

Air emissions from the open burning of HE contaminated waste at TA-14 are regulated 

under National and New Mexico Ambient Air Quality Standards. Air emissions from 

this operation include criteria pollutants such as carbon monoxide (CO), oxides of 

nitrogen (NOx), particulate matter (PM), sulfur dioxide (S02), volatile organic 

compounds (VOC's), and lead (Pb). In addition, some hazardous air pollutants such as 

hydrogen chloride (HCl) and hydrogen fluoride (HF) are emitted as a result of 

combustion of some binders used to form HE. Impacts from operations of this type* 

must meet ambient air standards for all criteria pollutants. Compliance with the ambient 

air quality standards was determined using the SCREEN 3 air emissions dispersion 

model. 

The SCREEN 3 model was developed and approved by the Environmental Protection 

Agency (EPA) as a screening procedure for estimating air quality impacts of stationary 

sources. SCREEN 3 is a conservative model which uses worst case meteorological data 

to determine emission impacts. Input parameters supplied for this analysis included: a 

heat release rate of 15,748 cal/sec; a one hour burn duration; a 2.5 rn/sec wind speed; and 

a one meter source height using a flare source type. Emission impacts are shown in Table 

4 for the maximum impact (61 meters) and for the two nearest off-site locations, Pajarito 

Road 2,042 meters to the north/northeast and State Road 4 bordering Bandelier National 

Monument 2,286 meters to the south/southeast. The impacts are shown to be will below 

the ambient standards at all affected locations. 

TABLE 4. AIR QUALITY IMP ACTS FROM HE PROCESS WASTE 
BURNING 

.CHEMICAL MODELING .. AMBIENTAifl qu,&.LITYSTAfiiDARD '<·'· ..... · I' < ' '; ;AIRCONC.EN:T~TION_b.T: ' .·· ... ·· .. · 
' ~ .: '": . PARAMETERS '-"·> •:< . ·, "' .:'·> ;.:····· •·· .. • ... ·:···:'·.: :·.:.•:. •·• . .:·. '··' > 61 M (Max.} .2042 M (Pajarito Rd:) · 2286 MJSR 4) 
' ·:. 

co 8-hour average 0.5 mg/m3 (8.7 ppm) 0.53 ppm 3.8E-03 ppm 

D Stability 1-hour average 2.0 mg/m3 (13.1 ppm) 0.76 ppm 5.5E-03 ppm 

NOx 24-hour average 5.0 J.1glm3 (0.1 ppm) 1.4E-02 ppm 1.0E-04 ppm 

Annual arithmetic 1.0 J.1Qim3 (0.05 ppm) 2.9E-03 ppm 2.1E-05 ppm 

average 

PM 24-hour average 150 J.1Qim3 136.6 J.lg/m3 1.0 J.1Q/m3 

2.5 meters/sec. 7-day average 110 J.1Qim3 19.5 J.lg/m3 0.1 J.1Qim3 

wind speed 30-day average 90 J.1Q/m3 4.6 f.lQ/m 3 3.3E-02 J.1Qim3 

Annual geometric 60 !191m3 27.3 f.lQ/m3 0.2 J.1Qim3 

mean 

soz 24-hour average 5.0 f.LQ/m3 (0.1 ppm) 0.03 ppm 2.1E-04 ppm 

Heat Released Annual arithmetic 1.0 J.1Qim3 (0.02 ppm) 0.006 ppm 4.3E-05 ppm 

15,748 cal/sec. average 

Lead 3-month average 0.03 f.lg/m3 8.9E-06 f.lg/m3 6.4E-08 )lg/m3 

Photo 1-hour average (0.06 ppm) 0.14 ppm 1.0E-03 ppm 

Chemical 
Oxidant 
(VOC) 

* HAP's emission standards are regulated under 20 NMAC 2. 70 for the facility at l 0 tons per year for 

any one HAP or 25 tons per year for any combination of HAP's. Subsequently, impacts for HCI and 

HF releases were not included in this modeling analysis. 

3.2E-03 ppm 
4.6E-03 ppm 
8.6E-05 ppm 
1.7E-05 ppm 

0.8 11g/m3 

0.1 llg/m3 

2.8E-02 f.lg/m3 

0.2 f.lg/m3 

1.8E-04 ppm 
3.6E-05 ppm 

5.4E-08 f.LQ/m3 

8.0E-04 ppm 
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?ire oroper:ies are defined as the parameters ~hich characterize the 

co~buscion and pyrolysis behavior of fuels in fires 1. In conjunction with 

fire models, fire properties are ~sed to assess hazards presented by various 
types of fires ar.d protection needs. A fundanental understanding of diffusion 
flanes has always been found to be very useful in the prediction of £ires. In 
this paper, an attenpt h3s th~s been ffiade to use the understanding of the soot 
for-wation in diffusion fla:nes to develop relationships for the prediction of 

fire. pr-operties .. 

The soot fo:7.:~ation in diffusion fla::;es has heen of great interest because 
of the relationship ~ith flame radiation and heat transfer, co::;bustion effi-
ciency, and e::;ission of particulates and other che:nical conpoun~s so:ne cf 
~hich nay be toxic and corrosive in nature. 

In this study, ~e have used the cor.cept of the ~o~e point height, L , s 
which has been used by canv investigato~s to describe the sooting tendency of 
fuels. Ls is ciefined as the height of an overventilated diffusion fla~e at 

;.:hich soot just begins to be released at the f l a :-Je t i p • -r· J.ne s~aller the value 

of Ls, the greater the tendency to soot. Extensive data for Ls are available 
in the literature for liq~id ~nd gaseous fuels 2-8. ~any investigators find 
that Ls deperids on the nature of chemical bonds and flace turbulence. It has 
been sho-...-n that Ls is related to flame teCJperature (fla:-Je convection) 0 ar.d to 

In order to use the literature data for Ls to develop predictions for 
fire properties, it was necessary to perfon:J experinents in our fla=abilit.y 
appac-atus. In the experi~ents, simultaneous measure;:)en::s were ~de for L and s 
f~re ;:n:operties of fuels of kno-...-n chemical structures end Ls values. In addi-
tion to gaseous and liquid fuels, solid fuels ~ere used in ::he experi::;en:s. 

l 



The radiative co~ponent of the co~bustion ef~iciency, as 

L-x -" 
"K A -'c 

( 7) 

3. EX?::RIKENTS 

Experiments o;.;e:re perforrJed in our a?paratus, sho;.;rn in Fig. 110 . Fo:-

gaseous samples, a burner tube very similar to one in Ref. 9 ~as used. ;or 

liquid and solid sa~ples, a 250 ~1 Pyrex Erlenmeyer flask ~ith a 14/35 g~ound 

glass joint ~as used. Tne ground glass joint ~as attac~ed to a 0.12-~ long 

Pyrex glass tube with an internal diameter of 0.009 m to reduce the effects of 

temperature on L values. s External heat flux ~as used for solid and lo~ vapor 

pressure liquids; for high vapor pressure liquids, a heating mantle placeG 

around the fl~~k was used. 

flau:c height l.'ere ·;a~:·.=d by varj·ing either the extarnal heat flux or the 

heating rate of the ~antle. 

Ls value ~.'aS measured visually and for the m~asurement of fire p~o?er-

ties, all the co~bustion products were captured along l.'ith air in the sa~plin; 

duct of our apparatus. In the duct, measurements were oade for the gas :e~-

per_a:1.lre, mass fractions of co 2 , CO, total gaseous hydrocarbons (C:-1), soo: 

and r:..... ~easurerne~ts vere also ~ade 
L 

through soot, but data have not been discussed in this paper. The generation 

rate of fuel vapors ~cs ~easured by a load ce~l asse~bly. 

In the experiments, data ~ere recorded by a computer at a ti~e inte~~al 

of about one second. Da:a vere averaged by the corn?ute~ at the s:ea~y s:ate, 

lasting for about 10 minutes. Each expe~i~e~: ~as perfo~ed at least :•ice 

and the data ~ere averaged. Tne accuracy of all the averaged ex?eri~encal 

data is about ±~:. 

All the experirn<::n::.s ·-·e:::-e perEorr:Jed under natural air flo~..· conditions a:1d 

thus re?resent o~erven:~lated fire conditions . 

.) 
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The relacionshi;:; 

expected from Eq. (5) for over-':entilated fires. 

Pr-edictions of Fire Properties of Fuels 

T as ~s 

If it is assumed that the relationships given in Eqs. (3) to (13) are of 

general applicability, then it is possible to use the Ls values from the 

literature to predict X; and f, values for many fuels. The literature values ... J 

for Ls, however, cannot be used directly because of variations due to dif-

- i h i ll rerences n t e experimental conditions used by various nvestigators. The 

following approach ~as thus taken in this study: l) relationships tet~een Ls 

values measured by us and reported in the literature, for selected fuels, ~ere 

established separately for each investigator; 2) these relationships ~ere then 

used to recalculate all other L values se?arately for each investigator; and 

3) for fuels which were used by several investigators, the recalculated values 

or Ls were averaged. The recalculated ·.:alues of Ls were then used in E:qs. (8) 

to (13) to predict t':-:,2 Xi and fj valt:es. The p-c-edicted values of Xi and :j 

are listed in Table il. The detailed tabulation of the data is ~iven in 

Ref. 12. Values of fathers in the table are calculated fro~ the ato~ balance, 
i.e. , ,0 

~others 

5. DISCUSSIO!'i 

Co~parison Between the Predicted and Heasured Values of Fire Prooerties 

Table III lists the expe~iQental and predicated data for some selected 

fire properties (fen or ~-· an~ f~). A reaso~able agree~ent can be no:e2 \J 2 '"" ......J 

bet~een the predicted and ~easured values. Also our crecictions for f~ a:td 
,) 

those of Pagni's 15 , based on entirely different principles, are very similar, 

except for octane and polystyrene. The ne~ measurements suggest that our 

older fs value of 0. !_8 for pol:;styrene 17 , referred L> Ref. 15, appears' to be 

5 



fuels group, is exoecced co follo~ the above aro~a~ic groupo: co~pounds. 

Relationship Bet~een the Generation Efficiencies of CO and CO~ 

In combustion systems, the ratio of CO to co 2 is userl as an indicator of 

the burning efficiency of fuels. For fuels burning under ov~rventilated 

conditions, the ratio ~ill vary ~i:h the chemical structure of the fuels. For 

fuels with fixed chemical structure, t~e ratio ~ill vary ~ith ventilation. 

For fuels with variable chemic3l structure, burning under overventilated 

conditions, the relationship between fco and fc~ can be predicted fran 
v2 

r.:qs. (lO) and (Ll). 'l"he predicted relationship is sho~.--n by the solid line i;1 

?ig. 3. Experime;1tal data obtained under vaiiable ventilation conditions for 

c..n : c..g. 3. na~a for enclosure fires of wood cribs with variable ven:ila~ion 

were averag~d for si~i~ar fco values, and ~ere restricted to the flaming 
2 

Da tc. in ?ig. 3 in.dic2te that 

asy-::ptotic lir:i::, vhi.:h ::.s a'uouc 0.!2 fo-: '-'OOd, ·~·hich i.:; a c':i.ar fo::-;:)ing :'·J~l, 

and a hour: 0.03 for heptane and ?~'i;·L-\., w':;ich are no;1-char- fo:-ming fuels. 

T:.e results in Fig. 3 indicate the.:, up to :::ne asy::1ptot:ic lir::~it of rCO• 

th.o: relationship bet·-·;;:e;1 fco and fCO is expecc:ed co be the sa~ for the 
2 

co~bus:::ion of fuels vith: l) fixed che.~ical structure a~d variable vent:ila-

::ion; and 2) variable chemical struct:ure ~ith overventilation. It ~ay be 

~ossible to de:ine :he c.sy~?tot:~c limit for fco for underventila:::ed fires of 

fuels based on their chemical structure. 

Relationship Bet~een che Generation Efficiencies of CO and Soot 

Emissions of CO and soot from combustion systems are associated vith 

reduced ventila:::iori and/or involvement of fuels vhich burn inefficiently 

because of :::he~r che~ical structures. 

/ 

I 
'/ 

/ 



., 

?roi71 .::q s . ( 3 ) , (:. ) , a :1 d ( i 4 ) , 
~--~-----~---.-_Tv 

---- -· -- --·- ------, 

/ r-j = (tj ':j/loJ -~~ dT : __ :~]-~ (qfs_~-q~: __ :j 
""j ii'the enis_s_ton_rate_Q_t_£_cp_,~R9_l,l_!:!d _j ?er .. unit_f_u~L_s~rf_a_c:;~_area 

T 

( l 6) 

In Eqs. ( l .'; ) , (15), and (16), 
' v 
J cp dT + Hv is defined as heat of 

0 

gasification of the fuel, Lg (kJ/kg). Hr...:0J.ue~_are_~wn frocn. the literature 

ar:d k; values can be calculated fron the elemen;:al c_o'C:lposition of the fuel. -------··.)---------------- - -\.0 
\ ............... ... .. _./- . 

\ . )./"' \_.-. 
-:-_...·".;-.\1-.'~ 

:"V-··~ 
'.o;• 

d •• 21 b d ~~v- , or can e ::lcasure . ~ithin a generic group of fuels, La increases 
0 

with the colecular weight of the fuel, primarily due to increase in Tv, and 

can be esti~ated for fuels of higher moiecular weight. The neasured value of 

and froc the relationship between L~ and the aolec-
5 

ular ~eight of alkenes, it can be esticated that the ~olecular weight of the 

oligomer produced by the vaporization of PE is about 0.601 kg/mole, which is 

reasonably close to a value of 0.692 kg/cole reported for the colecular ~eigh: 

of tr:e ?~ oligomer in ?yrolysis 22 . In a si:nilar fashion, t:he nolec:.Jlar -~·eig:-,: 

o: ?? oligocer is estimated to be 0. 7 20 kg/mole. 

Fro2 the values of Lg, H '· l' "j I 
and the data from Table II, emission rates 

can be calculated for the fuel va?o~s and the cosbustion products for defined 

values of o·· ·fs for exaople, at the as~ptotic liwit of qfs 

is app~oxi~ately constant for fuels with varia~le molecular weight within a 

·generic group of fuels. 'Within the aliphatic fuels frou;:>, i::he as;r;nptotic 

limit for qis - q~r is equal to 41 k~/o 2 , with a vari~tion of ~ 15% (as deriv-

ed from the dac:a for polyoxy·;-c.~:n;rle71e, ?M1-t\, heptane, ;)olye::hyle:>e, a:1d ;:>-")ly-

Propylene 1• 10, lS, l7)_ T" ' 1 f h CO d ,.. 1 1 ~ .J 1 . rte e::l_ss_on rates or eat, , an soo- ca cu-a-eu _:1 

this fashio:: fo~ alka:-~es ,~:.r: al'-:-=:~es, ::s exa:Jples, are s~o---:1 ~n ?igs. 5 a:ld F,, 

respectively. ::xperircental data for ?.:: and ?? are also included in ?ig. 6. 

dec~ease ~u e: , 

because of th~ inc:-e2s-= of Ls :::~~to inc:-ease of "F\.r· 



c p specific he c.: 

emission race 

(kJ/kg K) 

? 
per unit fuel surface area (kg/m~s) 

generation efficiency of compounds j or oxygen depletion efficiency 

generation rate of fuel vapors (kg/s) 

Hco heat of combustion of CO (kJ/kg) 

ne~ heat of co~plete combustion (kJ/kg) 

H 
\' 

heat of vaporization (kJ/kg) 

r ' ,-; 

'· "-· 
J 

~ximu:-J possible total (theoretical) yield of ~or.1pound j o:.- s:oichio:n-2.::-i.c: 

L 
g 

a .. -
. ~s 

q __ 
c .. 

Xp_ 

mass oxygen to fuel ratio (kg/kg) 

heat of gasi~ication of the fuel (kJ/kg) 

s~oke point height (c) 

total :-.2ss f~o·-· rate of combustion p:.-oC.uc:-air nixture (kg/s) 

actual heat release rate (k~) 

total (theoretical) heat release rate (k~) 

rla~e heat to :~e surface of the fuel 

surface .heat loss due to rera~iation ( '·'';'.., 2) : .... ~ __. 

gas temperature above ambient (K) 

vaporization temperature (K) · 

mass fraction of compound j (kg/kg) 

yield of compound j (kg/kg) 

combustion efficiency (-) 

convective component of combustion efficien~; 

radiative component of combustion efficiency 

Subscr-ipts 

i heat 

..: 
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Fuel 

Methanol 

Et:hariol 

Acetone 

Pentane 

ISO;J:'0?.3.710l 

Hexane 

Nylon 

Ethylene 

Eeptane 

0'"(\,.,(" 
,. 'L '"-"i.. 

Cyclohexane 

IsooctaT"le 

?olyprop;lene 

?olyeth:,dene 

Prop),.lene 

Pol;:s tyrene 

Toluene 

L 
( rn) 

" " 

0.225 
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0. 12 5 
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0. ll 0 

0. l 05 

0.085 
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0.015 
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Expe7irnental Data for Smoke ?oin: Heigh: and 

Selected Fire Properties of Fuels 
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Fuel 

Butyrate 

Laurate,oxalate, 
;nalonate,lactate 

C-:-:-N Struc.tu:-e 
6--\::J.ines 

!':ercapta:~s a:~c 
Sulfides 

C ·· Structure 

Cyclic A:-enes 

-c-~-o Structure 
Alcohols 

Ketones 

Aldehydes 

Ester-s 

C-:-r-~~ Structure 
A.zlines and 
He te:-ocyU c.s 

C-:-l-S Structu;:-e 
Xerc.a;Jtans and 
Sul:'"ide.s 

C ato;ns 
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7 to 8 

4 to 14 

4 to 12. 
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6 to 2.1 
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?ig. Flarnrnajility aoparatus 

Fig.. 2 Combustion ef:iciency and its convective and radiative co~po-

nents as functions of smoke point height 

Fig. J Relationship betueen the generation efficiencies of CO and 

Solid li~e represents our predictions for ~uels ~ith 

variajle chemical structures. ~xperimental d•r~ points con-

nected by dashed lines are for variable ventila:ion conditions: 

l9;B, ~ood cribs, Ref. 13; * 

Fig. - ~elationship bet~een the genera:ion efficiencies o~ soot and 

co. Solid line represents our predictions for - ' r:ue..t.s ·..:ith vari-

able chemica~ s:ructures. S;r::J':Jols connected by dashed lines 

condi:i::;ns, Re:. 

Fig. 5 Estirna:ed e~ission rates of heat, CO, and soot as functions of 

the molecular ~eight of alkanes for overventilate~ fires. 

Fig. 6 ~stimated emission rates of hea:, CO, and soot as functions of 

~oiecuiar ~eight of alkenes for over~enrila:ed fires. Dar:.: 

s;.--:ubols represent experiT:Jental da::a for polye::hyle::e and 
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11/06/01 TUE 16:22 FAX 

Los Alamos National Laboratory 
ESH•17 

Air Quality Group 

P.O. Box 1663, Mail StopJ978 
Los Alamos National Laboratory 

LosAlamos, NM 87545 

Phone: (505) 665-8855 
Fax: (505) 665-8858 

Memorandum 

DATE: Nov., 6 k1JJo 1 TO: New Mexico Environment Department 
Air Quality Bureau · ' 
Phone Number: (505) 827-1494 
FaxNumber: (505) 827-1523 

Attention: John Volkerding, Enforcement 

Subject: OPEN BURN NOTIFICA,TION 

FROM: t.(~re.~IJ A,. r1 IJ~T!A/62_ 

[4J 001 

TechnicaiArea: /cf Operation: ffti/2AI AT Q~J·Irc{jo j-'9'./ 6.-?e~c'L.,-

Proposed Burn Date: W !;£I<_ () F NO () 5 t4. 2. 0 0 I 

Comments: ----------------------------------------------

For further information, please call Harold Martinez at (505) 665-8863. 
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12/10/01 MON 11:23 FAX 

Los Alamos National Laboratory 
ESH~17 

Air Quality Group 

P. 0. Box 1663, Mail Stop J978 
Los Alamos National Laboratory 

· Los Alamos, NM 87545 

DATE: D£C_ ltJ 2.CJO/ 

Phone: (505) 665-8855 
Fax: (505) 665-8858 

Memorandum 

TO: New Mexico Environment Department 
Air Quality Bureau · 
Phone Number: (505) 827-1494 
Fax Numher: (505) 827-1523 

Attention: John Volke:rding, Enforcement 

Subject: OPEN BURN NOTIFICATION 

141001 

TechnicalArea: 17' Operation: BURJ.l AT ~-SIT&-{to ?·191.. B~~e:-c_ 

Proposed Burn Date: W/:;-EI< OF DcC-1.:.-MBcle /o 7 4- Z- 0 D I 

Comments: -------------------------------------------------------

For further information, please call Harold Martinez at (505) 665-8863. 
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Los Alamos National Laboratory 
ESH;..J7 

Air Quality Group 

P. 0. Box 1663, Mail Stop J978 
Los Alamos National Laboratory 

Los Alamos, NM 87545 

Phone: (505) 665-8855 
Fax: (505) 665-8858 

Memorandum 

DATE: t=irt- f. 200?..... TO: New Mexico Environment Department 
Air ·Quality Bureau · 

, 
Phone Nuniber: (505) 827-1494 
FaxNumher: (505) 821-1523 

Attention: John Volkerding~ Enforcemem 

Subject: OPEN BURN N011FICATION 

TechnicalArea:.--'-1-Lt/ __ _ Operotion: BUrN A-/ 6l-S; T t::" 
.· ~7CJ !fP/. /3 rr.;e;e E {._ 

Proposed Burn Date:.~W~b~t;~~ -=-l'<!. _ _:O::......:..F_,:_F-=&"~b..:;;.~ --=...if:...,.,,_, -=2-:::;.;D~o~z_==------

co~n~: _________________________________________ ___ 

Far further information, please call Harold Martinez at (505) 665-8863. 


