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Mr. John Volkerding ·"'c-'o~ ~e) 
'"-P• .. !12"' New Mexico Environment Department --.....~' 8! lJ. g\.';"' 

Air Quality Bureau 
2048 Galisteo Street 
Santa Fe, NM 87505 

Dear Mr. Volkerding: 

Enclosed is the Los Alamos National Laboratory's (LANL) Annual Fire Activity Report for calendar year 2001. 
This notification is provided at your request and reports all open bum activities conducted at the LANL facility and 
approved in the Open Bum Permit AQB.97.214, effective August 18, 1997 through December 31,2002. 

Although three Air Curtain Destructors (ACDs) were started up during 2001, emissions from these ACDs will not 
be included in this report. Instead, these emissions will be reported in the annual 20 NMAC 2.73 emissions 
inventory due to NMED on April 1, 2002. 

All operational bums for 2001 were conducted within the terms specified in the permit and the email 
correspondence dated 4113/01 between Leland Maez of LANL and yourself. 

If you have any questions concerning this report, please contact me at (505) 665-8863. 

Sincerely, 

~Ail[J-4 
Harold Martinez .) 

HM:db 

Cy: 
M. Montoya, DX-DO, P915 
D. Stavert, ESH-DO, J978 
K. Uher, DX-2, C920 
L. Hatler, ESA-WMM, C930 
F. Sisneros, DX-DO, P915 
D. Hemphill, ESA-WMM, C930 
P. Smith, ESA-MT, C931 
D. Montoya, ESA-MT, C931 
D. Macdonell, ESA-FM-ESH, C928 

B. Olinger, ESA-WMM, C930 
A. Sherrard, ESA-FM-ESH, C924 
D. Woitte, LC/GL, Al87 
M. Stockton, ESH-17, J978 
S. Fong, DOEILAAO, A316 
ESH-17 File 
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FIRE ACTIVITY OPEN BURN LOG FOR CALENDAR YEAR 2001 

ALL OPERATIONS UNDER PERMIT NO. AQB.97.214 

TECH. OPERATION DATE/WEEK ACCUMUlATIVE FUEL FUEL FIRE 
AREA BURN EVENT BURN DURATION TYPE QUANTITY STARTER 

TA-ll NIA N/A NIA NIA NIA NIA 

TA-14 HE Contaminated 2/I9/0I I Hour Kimwipes,Paper, 20 lbs V2 gal 
Waste Rags, etc. Kerosene 

5/I4/0I " " 20 lbs " 
9/I7/0I " " 45lbs " 

II/5/0I " " 45lbs " 

12110/0I " " 45lbs " 

TA-16 HE Contaminated 
Combustible HE Contaminated 
Waste 3/5/0I I Hour Rags, Paper, etc. 50 lbs Propane 

315/0I " " 35lbs " 

3130/0I " " 50 lbs " 

HE Contaminated 
5/I6/0I 2 Hours Rags, Paper, and 30 lbs " 

Scrap Metal 

51I7/0I I Hour HE Contaminated 50 lbs " 
Rags, Paper, etc. 

8/I/OI " " 50 lbs " 
8/I/OI " " 50 lbs " 
8/2/0I " " 50 lbs " 
8/2101 " " 50 lbs " 

8120/0I " " 50 lbs " 
8/2IIOI " " 50 lbs " 
8121/0I " " 50 lbs " 
8/22/0I " " 50 lbs " 
8/22/0I " " 50 lbs " 
8127/0I " " 40 lbs " 
8128/0I " " 30 lbs " 
8130/0I " " 35lbs " 
9/4/0I " " 48lbs " 

9/5/0I " " 45lbs " 

9/6/0I " " 45 lbs " 
9/24/0I " " 50 lbs " 
II/29/0I " " 50 lbs " 

HE Contaminated I2/5/0I " " 20 lbs " 
TA-16 Combustible I2119/0I " " 50 lbs " 

Waste 
3/I9thru3121 3 Hours Scrap Metal NIA " 



TECH: OPERATION DATE/WEEK ACCUMULATIVE FUEL FUEL FIRE 
AREA BURN EVENT BURN DURATION TYPE QUANTITY STARTER 

3/22thru3!23 2 Hours " " 
I 3127thru3!28 2 Hours " " 

4103thru4!05 3 Hours " " 
5108thru5!09 2 Hours " " 
5/23thru5/24 2 Hours " " 

6/06/01 1 Hour " " 

6111 thru6/12 2 Hours " " 
6/27101 1 Hour " " 

10101 thru1 0102 2 Hours " " 

1 0/16thru1 0118 3 Hours " " 
1 0/29thru1 0/30 2 Hours " " 

HE Contaminated 1110101 1 Hour Solvents 18.25 gals " 
Liquid 2126101 1 Hour " 5 gals " 

2127101 1 Hour " 13 gals " 
2128101 1 Hour " 10 gals " 

3/13101 1 Hour " 8 gals " 
3129/01 1 Hour " 9 gals " 
5129/01 1 Hour " " 12 gals " 
5130101 I Hour " IS gals " 
6107/01 1 Hour " 10 gals " 
7130/0I I Hour " 20 gals " 
7131101 I Hour " IO gals " 
8/09101 I Hour " 5 gals " 
8116/0I 1 Hour " 1I gals " 
9/I9/0I 1 Hour " 9 gals " 
9120/0I 1 Hour " 10 gals " 
9124/0I I Hour " 10 gals " 
I I/6/01 I Hour " I2.3 gals " 

11128101 1 Hour " 18 gals " 
1275 gals 
Total/2001 

: TA-36 HE Wood Waste 3119101 8Hour Min. Work Lexan 260m3 Wood Kerosene 
and/or Plexiglass, 190 lbs 10 gals 
Packing Mat'l etc. Lex an, 

Plexiglass 
" 

I0/15/0I " 235m3 Wood Kerosene 
200 lbs 10 gals 
Lexan, 
Plexiglass 



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 burning 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 bums at TA-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 Fong 
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 



STAT£ Of HEW MEXJCO 

E nvironment 

Department 

PERMIT NO . '· 

NEW MEXICO ENVIRONMENT DEPARTMENT/AIR QUALITY BUREAU 
PERMIT APPliCATION AND REPORTING OF OPEN BURNING FOR 

PRESCRIBED/PRESCRIBED NATURAL FIRE AREAS 

PERMITTEE: USDA_ USDI BLM MILITARY DOE X PRIVATE OTHER 

-----------------
(AQB assigned) 

LOCATION: ,A:::-r; F.,.la:'ans Nsd.:)D.f%1 Lsb::;::-:at.::;;::-y 
(I ownship, Range, Section) 

PROPOSED ACREAGE ::;,.9 [;,;:-,,- ,,FUEL LOADING DETERMINATION METHOD S~':e ::rt::tac:;h:nsn.·c 

Is burn 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. 

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 ·v' DENIED for the following reasons: _________________________ _ 

;:. f """' 
-~"'· 

Tills permit is approved for the following dates: ___ ~-"~-"-/---'·-' _.··_· ... _ .. ~"C'-, ___ ·_' ,_c·-'' _,-:ic-zc-, -"'-/_/_~;_: _·;;_' -------------------

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 or 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 Environment Department hereby disclaims any 
and all liability of itself or it:s agents that _might be incurred by petitioner's acts. 

NMED 8196 White - Applicant; Canary - Applicant Main Office; Pink- Air Quality Bureau; 



ATTACHMENT A 

LOS ALAMOS NATIONAL LABORATORY 
APPLICATION FOR OPEN-BURNING PERMIT 

IN TECHNICAL AREA 14, BURN CAGE 

DATES BURNING REQUESTED: 

A single burn 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 ofthe 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 stmier 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 burn 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 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 estimat~s and impacts are presented in attachment D. 



ATTACHMENT B 
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ATTACHMENT C 



;\f-l:SOP 6.1.5 
Revision A 

Destruction of HE-Contaminared 
Waste and HE Waste 

M-1 

STA..!~D/illD OPERATING PROCEDURE 

FOR 

DESTRUCTION OF 
HE-CONTAMINATED WASTE AND HE VIASTE 

6.1.5 

Date: 
r D' s·; ,,_. , 
j· ~"· c"ne, .v1 1 

I 

! .__4/ ~ I I .;;:Jt_ I . -~ /'._ J I~ - i./'J / '---f-/;{/j{/!p{ / / !) \__ 

John C. Dailma.n, \1-1 Grou.6 Le*-le:r 
;· f'-' 

M-DO 

Approved by: D:ite: 
HS-5 

Fin~Approv~: ________________________________ ___ 0 ate: 
C. B. Bieri, Group M-1 ES&}{ Ofiicer 

\!arch 19"9J 
P2Ec 1 of 1.5 

; 
I , 

:-'i::::.C7 
) J 'I • 

This SOP has be-en approved by M-1 a.J'.d M-00. \Vh.ile .,....e await final 
;-eview from HS and other groups as deteiT:l.ined by HS, ,_.,.e are using 
t..'tis SOP as v.rTitten. If more than 30 days have elapsed without anion 
by reviewing Groups outside M Division, t.his SOP will be regarded by 
t:Ce M-1 Group Office as having the full force of complete and 
t:ncualified endo,sernent. 
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\1-l:SOP 6.1..) 
Revision A 

Destruction o~ HE-Cont.amim.ted 
Waste and HE Waste 

1.0 IN'TRODUCTION 

Group M-1 does tests and operatio7'c5 on nev.; high-explosives t.J~at ha•..:e 
unk..'"lown propErties and characteristics. T:"'tese Op€rations generatE waste that 
ca.Iulot l:>e sent to WX-3 for disposal b-ecause of its unc..'rta.racter-'LZed natL;:-e or 
experimental history. These wastes are destroyed at Q-Site t:ast by either burru:tg 
or detonation. 

2.0 PLTRPOSE 

The purpose of this operation is to safely desrroy H.t waste c.:td HE-con:L'Tlinaced 
1-vaste originatL.'lg in Group M-1. Tnis SOP is closely tied to .\1-1:SCJP 6.1. 

3.0 ·SCOPE 

Tr,is SOP applies to all M-1 persoru1el who perfoiTn the bu:ring and ce:::ncatioll 
operations. These operations shall only be p-erformed by Group .\-i-1 pc:-s(mi<e! at 
Tec.h..'lical .A..rea (TA) 14 (Q-site), Builcing 23 and the c.djace:tt firing area. 

4.0 DEFINlTIONS 

HE-Contaminated Waste: 

HE Waste: 

5.0 RESPONSIBILITIES 

5.1 Group Leader 

.\1aterials suu't a_s rags; paper; sa1nple 
containers; Ki.m.,..,ipes; tcothpicks; other 
process and clean-up waste. 

Damaged or suspec_-t de\ices, explosi ·,oes t~at 
: -. ,o rl o - i~-- r -ri, P ~n,..._......~n~~~ fL:o.\~ urt~ergon~ :,e.ere .e-sc.l'.g, ~Xt-~·-·-k"·~ 
exvlosives, explosives oi tei'Tl::::ora::-y i:tterest, 

l • • ' 

newly synthesized compo1..L1ds, new 
:t:Lixtures, and some salvage explosive-s. 

• Ensures that the ne\:essary policies, procedures, equipment, expertis-e 
(training), and manpower are available for this operation and 
delegates the responsibility for implementation of details to a Line 
Su p_ervisor. 

5.1 Line Supervis-or 
• L'rn.Dlernents the details for safely r-erforming these OC-2rations. 
• Ch~ses, along with the Group L€ader, the Fi.ring Site Leader. 

5.3 Firing Site L-eader 
., Has prirna..:-y responsibility for safe op-erations. 
• Supervises routi'ne burni;g and detonation optratlOns. 
• Trains operators. 



I \1-l:SOP 6.1.5 
Revision A 

Destruction of HE-Contaminated 
Waste and HE Waste 

6.1..2 Detonation Operation 

HE waste shall be destroyed by detonation on Mou .. r1d 3. 

6.1.3 ·vleight Limitations 

\Veight lir:-Utations are as follows. 

Operation Weight Limitation 

\'larch 19-93 

Burning I so lb of combustible in eac.~ bu;-n 

Detonation j10 lb per shot 

6.2. Personnel Limir.s 

The personnel limits in M-l:SOP 6.1 shall be followed Eor this c::x:ration. 

6.3 Transportation 

"G1.e requirements for rransporting HE-conta.in.inated was~~ and small s~-:-,?[es 
of 21: "i-.'as:e for C,u:ning a:.d detonacon 2..r2 listed 0-elov.r. 

• Waste shall be transported to :-A-14 (Q-Site) in 
accordance with M-i:SOP 1.9 for on-site tr2.J.'1sportaton. 

• No qua..1'1tity greater than that -,vhich can be disposed of 
in a single day shall 'J.e transp:::>rt-=d to Q-Si te. 

• 0"D-erators will be told where HE waste is stored. 
' 

6.4 Storage 

Tlce following storage precautions shall be taken for mc..te:-ials to ':::-2 burr,ed 
2.J.'1d to be detonated: 

• ill-contaminated wastes a..re stored in Maga.zi:::ce 
AE-208A at TA-9 while awaiting destruction at Q-Site. 
The waste v.1.ll be labeled v..rith its contents bv the 
generator a..,'ld labeled "Hazardous Waste" by the Waste 
Management Coordinator. 

• At Q-Site, the exolosive-contaminated waste will b€ 
kept in Room 104 of Building 23 while "in process." 



Destrudion of HE-Contaminated 
\Vaste and HE Waste 

March 19'93 
?:J.g: 9 ':'!" 15 

7.1 Burning Operation 

Follow the steps below for destroyi.llg HE-contami.;·uted waste. 

Step Action 

1 I Short the end of Ll-te detonator cable. 

2 Attach Orle or two ignitors in parallel to be firing cable and place I 
them in t.l-,.e fuel space. 

3 Sprinkle tuel on the HE-contaminated waste to enhance dest:-uction 
of the waste and aid i:t iiT.ition. 

'-..) 

Note: Us.e only volatile hyd:-ocarbons, such as 2.ceton2, toluene, 
, I 'l , . I tue .. 01 , nexane, as a iUe_. 

I CAUTION I 

I
. DO NOT use any material that contains metals or halogens in its 

molecular composition. If in doubt, check with the experimen:e~ ;, 

1

1 . 

. __ c_h_,a_r~·g~·e __ o_t_O_-_S_it_e_. ________________________________________ ~~ I 

4 Cover the top of Lh.e bum cage with the Vvire mesh pro,ided to 
T7linimize the escape of burning particles. 

:J Fi:-e the ignitors using the h71ng control unit in RooT:", 101 of 
B '] '. ' ., '"l ( ' { • 5C D ,. ') u1 a1ng \.f-L.J see ,v~-l: u~ o.1 . 

1 Note. The s1ren W1ll go througn 1ts normal sequence, but L'le tl!,:\g 

1

1 

Supervisor may tum the siren off after determi.llL."""lg t..'lat tl"'.e~ I 
burn is progressing s.2tisfactorily. 

6 • ~Vait for at least 10 minutes after visible flaming has stopped and j 

• Then sound the "all-clear" signal. I 

Nate: If there is still a considerable ainount of smoke, the Lring 
Site Leader must US€ his judgment about delaying the all­
dear signal. 

7 In L.~e event of a misfire, do not approach t.1.e .area until at le-ast 
10 minutes have elapsed 1Nithout ai1Y evidence of names or smoke 
in the bum cage. 

8 DO NOT us.e the burn cage for another bum operation for 24 hours . 

. '-\iter 24 hours or more, remove the ashes and place in the satellite 
1

/ 

storage outside Building 23. 
9 

10 j Cover Ll-te bu.t-n cage "'·ith a t1..7. 
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Destr<Jction of HE-Contaminated 
Waste and HE \Vaste 

7.4 Disposing of Waste 

.\fare:-: 19"93 
?a£c 11 of 15 

Waste generated from these operations shall b-2 packaged and disposed or 
according to M-1:SOP 1.5. Waste minimization will be ha....'ldled according to 
the M-Division Operations Manual. ~ 

7.5 Emergency Procedures 

L'1 L~e event of an ewergency situation, the Building Emergency ?lar. (3!:F) I 
Site Emergency Plan (SEP) shall be foilowed. The BEP /SEP sh;oll be av2.iiable 
in Building Q-23 and the operators shall be farrtiliar with its co:--.ten:s. 

8.0 REQu1RED RECORDS 

• M-1:50? 6.1 

• Completed a....'1d signed Shot She€t (for detonation or bu:-:-,ing) 

• M-1 Q-Site Check ~ist, Burning of HE-Conta..tTtinated \\iaste 

9.0 REFERENCES 

• DOE Explosives Safety Manual 

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

• M-Division Operation Manual 

.. M-l:SOP 1.5, Disposal of Hazardous Materials 

• M-l:SOP 1.9, Packaging and On-Site Trc.nspor~ation or !:xplosive-s 

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

10.0 ATTACHMENTS 

L M-1 Q-Site Check List, Burning of HE-Cont::.minatec 'Naste 

II. Hazardous Waste Facility Permit 
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Attachment I 

March 1993!1 

P~E:c 13 of l5, 

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

Reouester 
" 

Date Bw-ned 

Charge Code Shot No. 

This checklist is ir,tended for use as a saiety supplement to M-1:SOP 6.1.5 ··~t:-uc­
tion of HE-Contaminated Waste and Waste HE." All Q-Site users must be ra.Irulia.r 
with Group M-1 SOPs 6.1 and 6.1..5. Th.is checklist should be rere.:-red to by the 
Fi.Iing Supervisor subsequent to bu..t''ll.i.~g L'l L'-le bum cage and prior to final a..-:r.L".g 
In. the event of a .misfire follow t.he cher.JJi..st on the oLl.,_er side of this page. 
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Signatu.re 

Secure a:'ld dear area. 

Er.sure blLrn cage is clea..~. 

Open all glass l.fld plastic containers. 

Place contai.~ers to be burned on grate. 

Place fuel material in bottom of bum cage. 

Shon e.ll.d of detonator cable .. 

Attach ignitors to detonator c]l-:: 2 .. .nd ptace ig::niters i...c h1el 
ITlaterial. 

Sprinkle fuel on ""'aste material. 

Cover top of burn cage with wiie mesh. 

Connect detonator cable to CDU. 

Sta...-t firing sequence. 

Fire ignitors. 

Observe b lLrning. 

Tum off siren (do NOT sound "all-dear"). 
-

Wait 10 min. after D2urne has stopped and sound "all-clear.·· 

b • .. •H' • j ' .t\noL}cel' batw.lc cannot be u... --:-:·2<J. w-:tll ..::..., nours na.s e.apx-2. 

Clean up ashes (after 24 hom-s) and place in satellite storage 

outside TA-23. 

Cover bum cage wi t..:cl. ta..rp. 
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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 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 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 burn as well as the emission factors froin the sources 
described above. 

TABLE 1. BURN CONSTITUENTS AND ASSOCIATED EMISSION FACTORS 

Waste 
I··.··.· ··.•· · .. .. . . . . . . . . : . • .. : 

Amount'' ·<I•·• Emission Factors (ID/Ib of.material burned) .. . 
Type <: Nox· ··• . : . . . · .. . ' ... 

,.Bqr[led ··CO vo~ .. PM'. so2 .HF HG 

Wood/ Cardboard 10 lb 0.13 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 2lb 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 NIA 

("' 1 gal) 

Emission Totals SOib 2.66 0.30 1.86 1.16 0.44 O.o7 0.16 

(lbs) 

•Pb 

lE-07 

N/A 

N/A 

1E-06 

9E-06 



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• NUMBER OF .··.·ASSUMPTIONS USED 
WEIGHT (g/mole} (g/ml) .· •: CARBQNS .FOR CALCULA 'T'Tf"\N~ 

methanol 32 0.7914 1 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 

Vl aste 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 ~~plosives, ·Composition Quantity.· . . Combustion,Products 
Propellants, Fraction . sutneti ·· ..... ·· .. . . {lb) 
and Binders • • · .. •(lb/burn) .. .. CO• ·.··.· NOX.· voc PM 

TATB11 ·2l 0.21 0.42 1.09E-02 2.92E-02 1.93E-04 8.17E-02 
NTOI1.2l 0.18 0.36 1.01 E-02 2.70E-02 1.80E-04 7.56E-02 

Pyroxylin11 ·2l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

Comp B11 ·2 l 0.04 0.08 2.00E-04 1.48E-03 N/A N/A 

LAX 112<1 ·2l 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 
DNTI1.2l 0.04 0.08 2.24E-03 6.00E-03 4.00E-05 1.68E-02 

Nitroguanidine11 ·2l 0.04 0.08 2.22E-04 1.50E-03 N/A 2.34E-03 
HMXI1·2l 0.04 0.08 2.22E-04 1.50E-03 N/A 2.34E-03 

PETN 11 ·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 
HNSI1,2) 0.04 0.08 2.18E-04 1.15E-03 1.58E-04 6.48E-03 

Barium nitrate134l 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 

Pentek134l 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 
Estane134l 0.02 0.04 2.20E-03 N/A N/A N/A 
Viton(34 l 0.02 0.04 1.00E-03 N/A N/A N/A 

BDNPA-F134l 0.02 0.04 2.20E-03 N/A N/A N/A 
osp<3.4) 0.02 0.04 2.20E-03 N/A N/A N/A 
DOPI3,4) 0.02 0.04 2.20E-03 N/A N/A N/A 

CEF13·4l 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 Sirnulants. 



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 shovm 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 

CHEMICAL MODELING .•··. ·. :AMBIENT AIR.QUALITY ST:ANO:AR[) ·.·. . • AIR'CQNCENTRATIONAT: 
.••• PAiAAMETt::RS . • .. . • :·. . >'-:· .. ·. • c . . : <··· s1·:M (ll/laxD · 2D42M·(Raiarito RdJ .2286 M(SR 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 l-'g/m3 (0.1 ppm) 1.4E-02 ppm 1.0E-04 ppm 
Annual arithmetic 1.0 }.Lg/m3 (0.05 ppm) 2.9E-03 ppm 2.1E-05 ppm 
average 

PM 24-hour average 150 l-'g/m3 136.6 }.Lglm3 1.0 }.Lg/m 3 

2.5 meters/sec. 7-day average 110 }.Lg/m3 19.5 l-lg/m3 0.1 l-lg/m3 

wind speed 30-day average 90 l-'g/m3 4.6j.lg/m3 3.3E-02 }.Lg/m 3 

Annual geometric 60 }.Lg/m3 27.3 }.Lg/m 3 0.2 }.Lglm 3 

mean 
802 24-hour average 5.0 l-'g/m3 (0.1 ppm) 0.03 ppm 2.1E-04 ppm 

Heat Released Annual arithmetic 1.0 l-'g/m3 (0.02 ppm) 0.006 ppm 4.3E-05 ppm 
15,748 cal/sec. average 

Lead 3-month average 0.03 }.Lg/m3 8.9E-06 l-'g/m3 6.4E-08 l-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 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. 

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

0.8~-tg/m 3 

0.1 }.Lg/m3 

2.8E-02 l-lg/m3 

0.2 }.Lg/m3 

1.8E-04 ppm 
3.6E-05 ppm 

5.4E-08 l-lg/m3 

8.0E-04 ppm 
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l. INT?.ODUCTIO:i 

?ire properties are defined as the parameters ~hich characterize the 

combustion and pyrolysis behavior of fuels in firesl. In conjunction with 

fire ~odels, fire properties are used to assess hazards presented by var!ous 

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 attenpt h.as thcs been made to use the understanding of the soot 

for-;::.ation in diffusion flaoes to develop relationships for the prediction of 

fire properties. 

The soot fo~ation in diffusion flaoes has bee:-1 of great interest because 

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

cie:1cy, and eoission of particulates and other chemical coopounds sooe of 

~hich may be toxic and corrosive in nature. 

".!:<1 this s~udy, >::P have used the concept of the 67Qo~e 

·..;hich has been used by ;:;any investigators to describe the sooting tendericy of 

fuels. Ls is defined as the height of an overvencilated diffusion flame at 

which 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 Ls are availahle 

in the literature for liquid and gaseous fuels 2- 8 • Many investigators find 

tha~ Ls depends on the nature of chemical bonds and flace turbule~ce. It has 

been sho;..ll. that Ls i$ related to flaoe temperature (fla:ne convection) 6 and co 

fla;:;e radiation 9 . 

In .order to use t~e literature data for Ls to develop predictions for 

fire properties, it -.::as necessary to perfon:n experiments in our fla=ability 

BJ:paratus. In the experi~ents, simultaneous ;:;easurerwents ~ere ~de for L and s 

fire pJ;"operties of fuels of kno;..ll. chemical structures a;"tC L values. 
5 

In addi-

tion to gaseous and liquid fuels, solid fuels ~ere used in the experi;:;en~s. 

l 



The radiative co~ponent of the combustion efficiency, is defi:-:ed as 

(7) 

3. EXP:SRIMENTS 

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

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

liquid and solid Sa::!ples' a 250 ru Pyrex Erlenmeyer flask ..;ith a 14/35 ground 

glass joint ;.;oas used. The ground glass joint was attached to a 0.12-::1 long 

Pyrex glass tube ;.;oith an internal diameter of 0.009 m to reduce the effects of 

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

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

around the flask was used. Tne. :-ate of genera:ion of the fuel ... !2?0::-s 2:-1d 

flau:e height l.lere 'lar:c:l by vacying either the external heat flux or the 

heating rate of the ::1antle. 

Ls value was measured visually and for the rneasure::1ent of fire pro~er-

ties, all the combustion products ;.;oere captured along with air in the sa~pling 

duct of our apparatus. In the duct, m€asurements ·..:rere w.ade for the gas te::c-

pera:ure, mass fractions of co 2 , CO, total gaseous hydrocarbons (C:..J), soo: 

(S), and o2 , and :1easurernents were also made :for op:ical trans::1issio:; 

through soot, but data have not been discussed in this paper. The ge;;e:-ation 

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

In the experiments, data were recorded by a computer at a time inte:-~al 

of about one second. Da~a ~ere averaged by the computer at the s:ea~y state, 

lasting for about 10 minutes. Each experiment was perfo~ed at leas: t~ice 

and the data were averaged. The accuracy of all the averaged experimental 

data is about =2:. 

All the experime::ts ·~·ere perEormed under natural air flo'-' conditions 2.:1d 

thus re~:-esent o~erven:ilated fire condi~ions . 

..) 



The relationship between =co
2 

and Ls is same as het~een XA and L5 as 

expected from Eq. (5) for- overventila::ed fires. 

Predictions of Fire Properties of Fuels 

If it is assumed that the relationships given in Eqs. (8) to (l3) are o:c 

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

literature to predict xi and £1 values for many fuels. 
_) 

Tne lirerature values 

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

ferences in the experimental conditions used by various investigators. 11 The 

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

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

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

used to recalculate all other L values separately for each investigator; and 

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

of L
5 

were averaged. The recalc:1lated values of Ls ~ere then used in Eqs. (8) 

to (13) to predict t~~ Xi and - values. - -j The pr-edicted values of Xi and fj 

are listed in Table II. The detailed tabulation of the data is given in 

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

i ·e.· , fothers l - l:f j. 

5. DISCUSSION 

Comparison Between the Predicted and ~easured Values of Fire Prooerties 

Table III lists the experir:Jental and predicated data for some selected 

fire p-coJJerties (fco,., or '10. and : 5 ). A ~easo~a~le ag~eernent can be note~ 
L 

bet~een the predicted and measured values. Also ou~ precictio~s for f:- and 

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

,) 

. j l slrn __ ar, 

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

older fs value of 0.18 for 1 7 polvstvrene · , referred in Ref. 15, appears to be 

s 



and soo: 1 in chat orde.r. Butadiene, ~hich is a: the top ~ithin the alipha~ic 

fuels grou;:>, is expected to follo·-1 the above arooatic group of cor:Jpounds. 

Relationship Between the Generation Efficiencies of CO and co 2 

In combustion systems, the ratio of CO to C0 2 is userl as an indicator of 

the burning efficiency of fuels. For fuels burning under ov2rventilated 

conditions, the ratio ~ill vary w-ith the chemical structure of the fuels. ?or 

fuels with fixed chemical structure, the ratio will vary with ~entilation. 

For fuels ·..rith variable cheruicsl structur-e, burning under- overventilated 

conditions, the r-elationship between fco and fc
02 

can be predicted froo 

Eqs. (10) and (ll). '::he predicted relationship is show-rr by the solid line in 

?ig. 3. Experimental data obtained under variable ventilacion conditions for 

·.;ood c::ibs, hepcane, and Pi'-0':...-\ £roo Ref. (18) to (20) ha·;e also been inc:luded 

i:-1 Fig. 3. Data for e:1closure fires of wood cribs with variable ven:ilation 

were averag~d for sioilar fCO values, and were restricted to the flaming 
?. 

fi::-es o:-~ly. Date. in ?ig .. 3 indicate that as fc
02 

decreases, fco approaches a~ 

asy:::;pto~ic lir:i:, '"-.thic:t :;_s abouc 0.1:2 for ~lood, ~"!"tlich i.:; a ch2r fo~~ir::g :u~l, 

and ahout 0. OS for heptane and ?K:J~-\, >-'':tich are non-char forwing fuels. 

The results in Fig .. 3 indicate tha:, up to the asy::::1ptotic limit of fc 0 , 

th~ relationship b~t~een fco and fco is expec~ed 
2 

to be the sa~ for the 

co~bustion of fuels ~ith: l) fixed cheoical sc::-ucture and variable ventila-

:ion; and 2) variable chemical structu::-e with overventilation. It !:lay be 

possible to de~ine the asyo~totic limit for fco for underventilated fires of 

fuels based on their chemical structure. 

Relationship Between ~he Generation Efficiencies of CO and Soot 

Emissions of CO and soot fran combustion sys~ems are associated vith 

reduced vencilatiori an~/o::- involvement of f~els vhich bur:-1 inefficiently 

because of their che~ical structures. 

7 



Fro;;1 Eqs. (3), (~), and (14), 
---.----------- ----r ------- --------. 

(16) 

T 
In Eqs. (14), (lS), and (16), f 

v 
cp dT + Hv is defined as heat of 

0 

gasification of the fuel, Lg (kJ/kg). P1 _:_~)ue~are_~wn fro;n the literature 

~g values can also b~~~-t~~- from the __ l_:f_:_te_r_~_~_u_re __ ya_l~_~_for _cp, Tv, 

2 1 
~nd H~ , or can be ~easured. ~it~in a generic group of fuels, Lg increases 

0 

~ith the ~olecular ~eight of the fuel, primarily due to increase :n Tv, and 

ca~ be esti~ated for fuels of higher molecular ~eight. The measured value of 

Lg for FE is 1750 kJ/kg 17 , and fro:n the relationship between Lr: and the oolec-

ular weight of alkenes, it can be esti~ated that the molecular ~eight of the 

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

reasonably close to a value of 0.692 kg/mole reported for the ~olecular ~eigh~ 

of the ?~ oligomer in 
77 

;::>yrolysis--'-. In a similar 

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

the molecular ~eigh: 

From ~- 1 " L Lne va ues o~ g' and the data from Table II, e7i:liss ion ra. tes 

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

values of q£s q~r' for exa~;::>le, at the asymptotic limit of qfs - c;;r, •;hich 

is approximately constant for fuels with variable molecular weight within a 

·generic group of fuels. 'rlithi;"'l the aliphatic fuels grou?, <:he asy;:nptotic 

limit for qjs - G~r is equal to 41 k~/m 2 , with a vari~tion of ± lSZ (as deriv-

ed from the da-ca for polyox;r::1e:~ylene, P~WL.-\, heptane, polye:hylenc, a~d p·Jly-

propylene l, l 0, l6, 17). The e~ission rates for heat, CO, and soot calcula:erl i~ 

this fashicn for 2lkal1es 2.7"'tcl al~:-=:tes J ::.s exa::Jples) are sho·-ll i_;; ?igs .. 5 anrl n, 

respectively. ::.xper-Lcental riata for ?:0: and ?? are also included in ?ig. 6. 

because of rh~ iilc:-ecs~ of Lg_ Cue to inc:-ease of T,.v .. 
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NOMt:NCLATURE 

specific hea: (kJ/kg K) 

emission rate per unit fuel surface 

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

generation rate of fuel vapors (kg/s) 

Hco heat of combustion of CO (kJ/kg) 

H 
v 

k. 
J 

L 
g 

0 .. -
· r s 

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

heat of vaporization (kJ/kg) 

m2xirnurn possible total (theoretical) yield of cor.1pound j oc stoichiornet:-ic 

mass oxygen to fuel ratio (kg/kg) 

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

s~oke point height (rn) 

total <uass f::..o·-· rate of cornbestion procuc:-air mixture (kg/s) 

actual heat release rate (k~) 

total (theoretical) heat release rate (k~) 

fla~e heat to t~e surface of the fuel 

q__ surface heat loss due to reradiation (k~/rn 2 ) .... 
6T 

X; 
_J 

Xp_ 

gas ternpecature above ambient (K) 

vaporization ternperature (K) · 

mass :'raction of compound j (kg/1<.g) 

yield of compound j (kg/kg) 

combustion efficiency (-) 

convective component of combustion efficiency 

radiative component of combustion efficiency 

Subscripts 

f fuel ·,;~2.pors 

i heat 

ll 
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Fuel 

Methanol 

Erhanol 

Acetone 

Pentane 

I sop~o;~2nol 

Hexane 

Nylon 

Ethylene 

Eeptane 

?K.'iA 

Cyclohex:ane 

Isooctane 

?olyprop;lene 

?olyeth;:lene 

Propylene 

Polystyrene 

Toluene 

~ not <2easu::-ed 

L 
(m) 

N 

0. 225 

0.205 

0. l 55 

'J~ 148 

0. 125 

0. 120 

o. 106 

0. ll 0 

0. l 05 

0.085 

0.080 

0. 050 

0.045 

0.029 

0.015 

0.005 

TABLE I 

Experimental Data for Smoke ?oint Height and 

Selected Fire Properties of Fuels 

0.97 0.83 

0.97 0. 74 

0.96 0. 73 

0.94 o. 65 

i"\ OL ~ 

-' 

0.93 0.63 

0.90 0.58 

0. 91 0. 61 

0.93 0. 61 

0.95 0.63 

0.91 0.56 

0. 91 0.60 

0.89 0.52 

0.87 ·0.50 

0.81 0.41 

0.66 0.26 

0.68 0. 28 

15 

0. 14 

0.23 

().23 

0.29 

,,, "'"''] 

0.30 

0.32 

0.30 

0.32 

0.32 

0.35 

0 ? 1 

0.37 

0.37 

0.40 

0.40 

0.40 

: 
""CO 2 

0.97 

0.97 

0.96 

0.94 

(' Q I 

0.93 

0.90 

0.91 

0.93 

0,95 

0.91 

0.91 

0.89 

0.86 

0. 81 

0.65 

0. 0·'3 

fco 

0.001 

0.001 

0.001 

0.002 

c~.s~:~:. 

0.004 

0.004 

0.003 

0.004 

0.006 

0.005 

0.007 

0.015 

0.013 

0.011 

0.027 

0.030 

0.001 " ·' 

0.001 o. :J~ l 

0.001 0.022 

0.001 N 

C.:JCl 
,, 
·' 

0.002 N 

0.002 0~03C 

0.002 0.0)2 

0.003 o.~J32 

0.001 0,0~1 

0.001 N 

0.003 N 

0.003 0.050 

0.002 0.060 

0.006 O.OS-6 

0.023 0. l Ol 

0.0~3 0. l 90 



Fuel 

Butyrate 

Laurate,oxalate, 
malonate,lactate 

C-':-l-N Structure 
P..cirres 

Me:-captans and 
Sulfides 

C-E Structure 

C:;-clic Arenes 

-c-:-:-o Structure 
Alcohols 

Ketones 

A2_dehydes 

Esters 

C-H-N StructurE: 
A::::ines and 
HeterocyLics 

c-:-:-s Structure 
Xerca;Jtans and 
Sul:ides 

C ato:ns 

S to D 

7 to 8 

4 to l4 

4 to 12 

5 to 12 

6 to 2l 

lO to 12 

9 to 12 

7 to 3 

ll 

7 

9 

6 l: o ll 

' n r-:; to ) 

TABLE II 

(continued) 

0.97 
0.93 

0. 72 
0.63 

0.25 
0.30 

0.97 O.ll 0.26 

0.90 0.57 0.33 

0.90 0.57 0.33 

0. 7 l 0.30 0.41 

0.76 0.36 0.40 

0.63 0.27 0.41 
r 
f ' ' ·~· -_:. 

' 
o. 7l 0.30 0.41 

0.76 0.36 0.40 

o. 75 0.35 0.40 

0.76 0.36 0.40 

0. 73 0.32 0. C::l 

0.67 C~:S 0.41 

l7 

f 
'COz 

0.97 
0.93 

0.97 

0.90 

0.90 

0.70 

0. o.s 

0. 7l 

0.76 

0.75 

0.76 

(1.73 

0. 6 7 

fco 
xlOO 

0.20 
0.31 

0.22 

0.43 

3.30 

~ . 9 6 

5.20 

3.49 

2.01 

7 7 r ---0 

1.96 

:. 00 

1 0 
"J • .:. ..) 

rCH 

:dOO 

:J. ll 
0. 15 

xlO 

0.24 
0.30 

O.ll 0.24 

0.21 0.35 

0.21 0.36 

1.53 

D .. 35 ·J.39 

2.13 1.59 

' ' ' l . "4 0 l. 25 

0.87 0.90 

0.97 0.97 

0.85 0.39 

') 50 l. 76 

" -'-others 
xlO 

0.04 
0.35 

0.03 

0.53 

0.53 

1. l L 

l .. 3 2 

0.83 

l . ·l 6 

l. 20 

1.21 

1.22 

l l 3 

0. 6 7 



Fig. 

Fig. 2 

Fig. 3 

Fig. ' ..., 

Fig. 5 

Fig. 6 

FlammaJility apparatus 

Combustion efficiency and its convective and radiative compo-

nents as functions of smoke point height 

Relationship bet~een the generation efficiencies of CO and 

co'). Solid line represents our predictions for fuels ~ith 

variable chemical structures. Experimental data points con-

nected by dashed lines are for variable ventilation conditions: 

0, enclosure fires of 'w'ood cribs, Ref. 13; • , Hepcane, 

Relationship between the generation efficiencies of soot and 

CO. Solid line represents our prediccions ror fuels with vari-

able c:he~ical structures. Sy;_:1bols conne:.: ed by 1 ' • uasneo 

condi:i.::J:-:5, Ref. ')I) 
'-V• 

Gstima:ed ewission rates of heat, CO~ 2nd soot as functio~s of 

the molecular weight of alkanes for overventilated fires. 

Estimated emission rates of heat, CO, and soot as functions of 

~olecular weight of alkenes for overventilated fires. Dark 

s;~bols represent experimental data for polyethylene and 
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STATE OF NE\11 lo4EXlCO 

E nvironment 

Department 

PER1AIT NO ·-----,-­
(AQB assigned) 

NEW MEXICO ENVIRONMENT DEPARTMENT/AIR QUALITY BUREAU 
PERMIT APPLICATION AND REPORTING OF OPEN BURNING FOR 

PRESCRIBED/PRESCRIBED NATURAL FIRE AREAS 

PERlvfiTTEE: USDA_ USDI_ BLM_ l\ill..ITARY_ DOEll_ PRIVATE_ OTHER_ 

ADJ:\AINISTRATIVE UNIT: Technical Area 14 COUNTY: __ I._.,o>-=<s-..;;A .... l ..... a..,rm'""""'s"---------

CONTACT: _ _.::S::..::t~e::..!v...:::e:...._=.F~o:.:.;nc:::~g.L/L==.e:::::.l:a~n~d=--=-M~a:::e~z=---------- PHONE: 665-5534/665-J 240 

NAtvffi OF BURN: __ B_urn __ C_a.:::g_e _____ _ LOCATION: Los Alamos National Laboratory 
(Township, Range, Section) 

PROPOSED ACREAGE See Attach.FOEL LOADING DETERMINATION METHOD See attachment 

TYPE OF FUEL __ S::.e=-e~a=t.=:.ta=c:::.:hme=:.::::::n:..:.t~---------- TONS/ACRE_-=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, p\ease attach a map of smoke sensitive areas (Include distanc.e and direction). 

Smoke sensitive areas include: Class I areas as welt as other scenic and important \iews, urban and rural population centers, hospitals, nursing homes, schools, transportatlon 
facilities such as roads, highways, and airports, recreational areas, and other locations that may be sensitive to smoke impacts for health, safety, andlor aesthetic reason"-

Signed·--------------------~----~~----------------------Dme __________________ __ 
Name and Title 

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

Submit to: New Mexico Envirorunent 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 pennit is approved for the following dates: __________________________________ _ 
and is subject to the conditions set forth in 20 NMAC 2.60 and the follovrotg conditions: 

The Department reserves the right to cancel this permit at any timelfthe public interest so warrants il The holder of this permit Is therefore cautioned and charged that he/she., 
and he/she alone, assumes full responslbllity to exercise the utmost care and judg•ment b•fore igniting any prescribed fires. The Environment Department hereby dlsdaims any 
and all liability of itself or It's agents that might be Incurred by petitioner's acts. 

Signed ___________ ~~--~~----------------- D~e ______________________ _ 
Name and Title 

NMED 8/96 White - Applicant; Canary- Applicant Main OffiCG; Pink - Air Qtulity Bureau; 



ATTACHMENT A 

LOS ALAMOS NATIONAL LABORATORY 
APPLICATION FOR OPEN-BURNING PERMIT 

IN TECHNICAL AREA 14, BURN CAGE 

DATES BURNING REQUESTED: 

A single burn 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 ~,.Jectred 01 escorted·personnel via a 
paved road off R -Site Road. However, tne 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 burn is 
attached (Attachment C). It covers the hazards involved and precautions to be taken 
during the burn 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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ATTACHMENT C 



:\1-l:SOP 6.1.5 
Revision A 

Destrudion of HE-Contaminated 
Waste and HE '\Vaste 

\1-1 

STA . ..!'\TD.-\.RD OPER..\ TING PROCEDURE 

FOR 

DESTRUCTION OF 
HE-CONTAMINATED WASTE AND HE WASTE 

,i ~ 
. ,-. ... 1 4 -( 

( I,'·-~.,.:~ ,;_, { // 

T R s . \A 1 \ }' . t1ne, .n-

I 

6.1.5 

,A ...... 4 ,t 

Date: 

\farch 19'93 
?:=.t:: 1 cf !5 

I 
I ::'I ::. 

i I . jl 
/_, /.,., ; ~ .. I _.20 /'--.+-;:{/{/~ I /-11'-- ,- L ic?-/ :J;:, -o· · .J 1 / / , _: 

--'---"-----
]ohn C. D2Jlman, \1-1 Grou.6 Le::>He;:-

/ 1'"" 

.-\pproved oy: Date: 
:\f-[)() 

HS-5 

Fin2..l.-\pproval: ----------------· 
C. B. Bieri/ Group M-1 ES&.H Ofiicer 

T:Us SOP has been aoproved by M-1 a..'"l.d M-00. \Vhile ·,.•.;e await final 
:-eview from H5 and' other gro~ps as deterrr1ined by HS/ we are using 
:_:.,_is SOP as v,:ritten. If more than 30 days have elaosed h"it.hout action 
by reviewing Groups outside M Divisio~~ this SOP 'will be regarded by 
::Ce :\1-1 Group Office as having the full force of complete and 
:..:.uqualified endorseme:1t. 
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1.0 I.\ITRDDUCTION 

Group M-1 does tests a...Ttd operat:io:-'.5 on new high-explosives :;"tat ha,·e: 
!.mk..1own prOPErties and characteristics. Tnese OPt?ration.s ger.eratE W2..Ste that 
ca....:-1J10t be S€nt to \VX-3 for disposal 6ecause of its. unc.harac~e:":..z.ed nai:l..::::-e or 
experimental history. These wastes are desrroyed at Q-Site t:ast by eithe:- DUITt.i:lg 
or detonation. 

2.0 PURPOSE 

The Dt..:.rwse of trtis ooeration is to sa.iely des::roy HE waste a:-:ci Ht.-cor.:2.c."T'tinc.:ed 
v.·ast~ originati;1g i!l Group .\i-1. T;,is SCJP is closely :ied to :\1-l:SOP 6.1. 

3.0 ·SCOPE 

Tr.is SOP applies to all \~-1 personnel who p-2rfor.Tt the bun:i0g a1td de:o;catioll 
operations. Tnese operations shall only b€ perfonr,ed by Group \f-1 pe:-SJnr,el ar 
Te-c:h.l•.ical .;\rea (TA) 14 (Q-site), Builciing 23 and the adjacent firing area. 

4.0 DEFIND IONS 

HE-Contaminated 'Y\'aste: 

HE Waste: 

5.0 RESPONSIBiliTIES 

5.1 Group Leader 

~1aterials such a...s rags; p<qer; SaiTl.ple 
containers; Kim..,.,iDes; toothpicks; other ' . 
process and clean-up waste. 

Damaged or suspe--..."i: de,ices, explosives tl:.at 
·,..~,·o wnrlergono -e .. .,re '=...;ng .=>x~..:o,..;,..,..,.,n~-'l o.la.'r '- - l- ::, 'r- ~':;:.,_:]1.,.:. I' ._ • .t-''-• _ ..... t.._ ... ~--

0 1 · · - 1 
-: .. ~ ; ·~~ r --~ ;:l._,:).ro::l- +--XP os1 v es, exp to:,, v es o, "-'-, ;::--o. a,_., '·. '-·- s ·., 

newly synthesi.zed compou.:1ds, new 
:::1ixture-s, and some salvage explosive-s. 

• Ensures that the necessary oolicies, orocedu:-es, e-oui:Jment, ex;:;-2:tis-2 
(training), and manpower are availa.ble for this o?er~:-ion and. 
delegates the re-sponsibility :or implementation of details to a Line 
Supervisor. 

5.2 Li....'1e Supervisor 
• Implements the details for safely perfonning these operations. 
• Chooses, along with the Group Leader, the Ering Site Leader. 

543 Firing Site Leader 
• Has orim~-y responsibilit-,· ior safe O"D€rations. 
• Supe~vises routine burni~g and detonation oC>erations. 
• Triins ooerators. ~ ' 
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6.1...2 Detonation Operation 

h'"E waste shall be de-stroved bv detonation on :Vfou....1.d 3. - -' 

6.13 Weight Limitations 

Weight lir:Utations are as follows. 

Operation I Weight Limitation 

Burning I SO lb of combustibl,;:s in eaC.:i buZ'Tl 

Detonation j10 lb ?€r shot 

Personnel Limits 

The oersonnel limits in M-1:SOP 6.1 shall be followed for this o~ration. ' . 

6.3 Transportation 

T:."le r~uirements for t:ra.Ilsporting HE-contaminated wast<? and small s~-:--, ?ies 
of :2I wc.s:e for C.u.:-ning <L,d detonacon 2.r2 listed t.elow. 

• Waste shall be transported to :-A-14 (Q-Site) in 
accordance with M-i:SOP 1.9 for on-site tra.:.:.sportaton. 

• No qua.:."'ltity greater L.'ta.n that which can be disposed of 
in a single day shall !::>e transport-::-d to Q-Site. 

• OD?rators will be :old \·•,:here HE waste is sto:-ed. 
' 

6.4 Storage 

The followi.."'lg storage precautions shall be ta..'l(en for ma~eria.ls to ':--2 bu.:r::e-d 
a.:.1.d to be detonated: 

• :HE-contaminated wastes a.re stored in Magazi:-~e 
1\E-208A at TA-9 while awaiting destruction at Q-Site. 
The waste v..rill be labeled v.ith its contents bv the 
generator a..11d labeled "Hazardous Waste" b)· the W2.ste 
Management Coordinator. 

• At Q-Site, the exolosive-contarninated waste will l::::-2 
kept in Room 104 of Building 23 while "in process." 



I 
I 

I 
I 
I 

I 
I 
I 

I 

I 

I 

I
." 1 -op 6 1 • .lL• .:..:~ • •. ~ Destruction of HE-Contaminated 

\Vaste and HE Waste 
.\farch 19'93 

1 RevtS10n A. 

7 ..2 Burnlng Operation 

Follow the steos below for de-strovi::g HE-conta.ini.r1ated 'Naste. . -

Step Action 

1 I Short the end of d1e detonator cable. 

2 Attach one or two ignitors in parallel to L~e firing cable a..'ld place 
iliem in t.'-le fuel space. 

..., 
Sprinkle tuel on dee HE-contaminateD waste to enhance destr--..:crion .) 

of the waste and aid irt i2T'.i:ion. 
'-' 

Note: Use only volatile hyc:-oca.rbons, such as acetone, tolue:ce, 
fuel oil, hexane, as a iuel. 

I CAUTION I I DO NOT use any material that contains metals or halogens in its 
moleculai composition. If in doubt. check with the experirnen:e:-,;, . - - .. ·1. · charge of d- Site·.·_-~ ! .. 

4 Cover the top of the burn cage 'With the .._,ire mesh provided to 
minimize the escape of burning particles. 

5 Fire the ignitors using ilie firing control unit in Room 101 of 
B ·1 '. " ?l ( M l ·SOD ~ ') u1arng\.2-- see,--· J. D.L. 

Note: T:'1e siren will go ilirough its normal sequence, but L'-le Firing 
Supervisor may turn the siren off after determining t.t"lat the 
burn is progressing x.tisfactorily. 

6 • Wait for at least 10 minutes after visible flaming has stopped and 

• Tnen sound the "all-clear" signal . 

Note: If there is still a considerable a..'T\ount of smoke, the Firing 
Site Leader must US€ his judgment about delaying the all-
clear signal. 

7 In the event of a misfire, do not approach t.~e .area until at le.ast 
10 minutes have elapsed without any evidence of flames or smoke 
in t.he bum cage. 

8 DO NOT use the burn cage for another burn operation for 24 hours. 

9 Alter 2.4 hours or more, remo-.·e the ashes and olace in dee sa teUi te 
. . 

storage outside Building 23. 

10 j Cover the burn cage >·<:ide a t2.....-p. 
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Waste generated from these operations shall be packaged ru'ld ci:s?Osed of 
according to M-1:SOP 1.5. Waste minimization ·,·,rill be ha.ndled accorG.ing :o 
the M-Division Operations Manual. ~ 

7.5 Emergency Procedures 

L'l L".e event of an e~ergency situation, the Building Emergenc:r· ?Jar. (3~F) I 
Site Emergency Plan (SEP) shall be followed. T:'le BEP /SEP shall be available 
in Building Q-23 and the operators shall be fru.--niliar \-Vit.'t its con:ents. 

8.0 REQu'lRED RECORDS 

• M-1:50? 6.1 

• Completed ru'ld signed Shot She-et (for deto:1ation or b:..:::-,ing) 

• M-1 Q-Site Check ~ist, Burning of 1-IT>Conta...rninated \'/aste 

9.0 REFERENCES 

• OOE Explosives Safety Manual 

• Los Ala_rnos Environment, Safety, and Health Manual 

• M-Di"Yision Qpe:::-ation Manual 

• M-l:SOP 1.5, Disposal of Hazardous Materials 

• M-l:SOP 1.9, Packaging a.."'ld On-Site Trc.r.spor:ation of =:xplosivc:s 

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

10.0 A TI ACHMENTS 

L M-1 Q-Site Check List, Burning of h""E-Conta.rninateC:. \Vaste 

II. Ha:z..ardous Waste Facility Permit 
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M-1 Q-Site Check List 
Burning of HE-Contaminated Waste 

Requester Date Burned 

Charge Code Shot No. 

This c.heddi.st is inte.T1.ded for use as a saietv su:J:Jlement to M-1:5()P 6.1.5 "C'~t::-uc­
tion of HE-Contaminated Waste and Wast~ ffi .... Nl ~Site uxrs must b-2 fa::uliar 
with Group M-1 SOPs 6.1 a.'ld 6.1 . .5. T:lis c.hec...:.J.i.st should be reie.:red to by the 
Firing Supervisor subsequent to burning in the bum cage and prior to iinal a.-:nL.~.g. 
L'1 the event of a misfire follow the w.:...ecklist on the other side of this page. 

OK ~~I A 

0 u 
0 u 

u u 
u i_J 

u u 
u CJ 

u 
u 
u 
1-.J 

u 
u 
l._j 

u 
i._j 

0 

u 

u 
u 
u 
l_j 

u 
i....J 

0 
0 
l_j 

i_j 

1) Secure and clear area. 

2) Er.sure bw.-n cage is clean. 

3.) Ope.:1 all gl2.ss ~'d pl:ostic con:a.iners. 

4) Place contai...rters to b-2 burned on grate. 

5) Place fuel material in bottom of bum cage. 

6) Short er,d of detonator cable .. 

7) Attac.~ i~itors to detonator c2.':Jl-:= 2 .. nd place igniters i...1. fuei 
material. 

8) Sprinkle fuel on waste material. 

9) Cover top of bum cage ......,ith -, ... ;ire mesh. 

1 0) Connect detonator cable to CDU. 

11) Start firing s-equence. 

12) Fire ignitors. 

13) Observe burrling. 

14) Tu..rn off siren (do ~OT sound "all-clear"). 

15) Wait 10 mi..'l. after fla....T.e has s~oppe-d a.'ld sound "a.ll-dea.r.·· 

16) .Another batch cannot be bLL--:--.e-d LL"ltil 2-± hours has elapse-d. 

17) Clean up ashes (after 24 hours) and place in satellite storage 
outside TA-23. 

~8) Cover bum cage ,..,i :..:.:... tarp. 

Signature Date 
;:; :-ir> a c;U"e,...., ,; c.,-.,­
•---·~- t-" ... ...-1 ..... -.. ... Ji 

Date: ____ _ 
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~crzzrrbnus ~crs±.e Jlfcr.ctliitr 

{Szrmi± 
~!~~"Aii'TH: U.~. J•o..r-~":'!tr.~ :;I ~ . ..,tr;-t 

Ui"\Jv~:y of Ul1f::r."11~ .l.t~tr:-:::1 

LOCAT;ON: Lo-s Al.im01 .l..l"uor.o~J uocr&::::..')', 
Lo-s Al.Am01, ,..,.Y. !7 5J.S 

;:£.1_.._.17 .'-1\.i.'~S B: 
~M~1051S..1 

;:lu~u:-t ~o t:'lt Solid w .. ~:• Oi!::cHI J..c-:. 11 J:7'.q::ct1;j :: 1 :;-,, .... ~ .. :l'urct­

~~::0<"1 £.""-d .~~::-.•r-r )u.:: ;.~C'..Al. •s 4..:":":4""-Ct":l (4~ 'J.i.C. e5o0 1 .. t( si<:.)~ ~ 
~"'t· ~ M.-xico 1-i.&~o-.;1 W.tl.f J..C: (5! iL-L.. I H ~ .'i~ :'ill. .1 ~rt IS 

iu..:4'd :.o ~..,, U.S.. Oto.ar-_·~·ant ::1 !:"'.tr:;r's ~::-t .J.J.a~01 .vu C~ct .trd ~· 
Ur.:i..-..o:i~t of c....Jifo.r.11.1 ~t~tr'lt1, :oin:; ~~W'\'Kl H L::1 ,.l..l.am~ 1-i.&tJOt"'.il 

UOoontOt')', (h.-ruh~ C.til..,;: :.":t >'t1'7,-.J7:U) :o OCffla ~ ·"·U~r:C"...t w.-nt 

ircc~...:Y. ~~ .... IH'I.-< r-Z<~t ~ !..lr'lx: :;·u~~f"r':"t .6/">d s:::.n(jt I~Jity H ~• 

looiiOt"' r-~t..-d .a~ 
i'l'.t ~~.i-'::H m1.."1't c~;>l'f wi:."l ~II :."''t t~ .1/"od C'Or">di-..::::r.t of -::it ~t. This 
~i-t c~rn crf :."''t (::w'\ci-:0<":1 c::.r.~rot-d -:~n •:--c:.;::'""; ~ ~m~ 

AoociCl..Oit ~\i~ cf n-q'..:lo~o0<:1 c:~ ut ':.."'cx.f ...,,..,,::_; ~_..., 1n trl-..:1 011 ~· 

tff~vt d•tt of :1'1i1 ·;J.-rm1:, !'-lt"W Mt.uc::l ... .a~c~1 .V~r.• ,'-t<....,"Qtmtr.t 
.~~..;l.a::O<":'l (i1WMII·S. as ~~<::t-d 1~. 7"hi1 :l~ \.-~11 ~• •f-1...::-=..,... 11'1 

<Kc.:::.-t:~t ......;~:..., HWMII-5, ?~.r. IX, 1-1'<".;0(':1 ;.::2..'. ..-.d 1-~~.~- .....-..::: ll'..a.tl r...n lOt .a 
~0<4 of :for'\ r•.a.n.. 

Thit ;:>4'r.'mt it~ Oo"1 ~~~of 1-iY.,..Mit-S., 71'-:i! ~i-t i1 .II~~ Oo"1 

C"'• u.um::rti~ t."~t ~I in{c..-·"'!"'ICJ0<1 c:x-:atr...: i!"' :."'.11 ;.rmtt ~O()jiCHlO<' •t 

<K::...r.au ~ :r..n -:.."1• l~li~ wiil:,. ~a.: x ~ . .::'\fod ,,.., :.oo:t ~coliu::011. ~. 
~ ~~ic:.Tti~ c~m o-f in+o.-m~tion ~;:m,~trj 0<"1 .l.~~r:.."'' 27. 1'3'-': r~ 
on ~ o-t-r 1 1. I S-¥ ..-'>d .... ~. e>« 13, : _,. 7; ~M >:.; :>o< • r7' .-r.: t":l Ot"' :'< cv-.-m o-t-r 

a. 1~ ~ ~ r'I\.J.n'l~ :K"'-~o.J ci~~~ 
A.rrof i~• f-o<...."od in~ i~"tiOt"' .":'!ry:.. ~r::1 fo.- :.-t ~jr~:on 
01~~~~! .L/"'d ;:>ctf'r.'::~ ~~ K-.:0<'". 
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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 of Fuels," 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 
Envir.onmental Hygiene Agency, 1978; "Air Quality Impact Analysis, Open Burning of 
Expfosives," Department of Energy, Pantex Plant, Amarillo, Texas, Radian.cor-P., 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 

!EIDi~~iri~ J1a'dtors(Jbflbllr IDii~ri~Jbtir~~d(' ·•·.·... \ .. <'' \ . :·: ·. 

l'ptrl '. so~· ··. :H~i • , ... ,. .. 
I< J>b' ··voc. · .. <HCI ·. . .. 

Wood/ Cardboard IOlb 0.13 0.001 0.11 0.02 0.001 N/A N/A 1E-07 

Plastics/ Paper 30 1b 0.04 0.003 0.02 0.01 0.001 0.0001 0.004 N/A 

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

Solvents 8lb 0.01 N/A 0.02 0.04 0.05 N/A N/A 1E-06 

("'I gal) 

Emission Totals SOib 2.66 0.30 1.86 1.16 0.44 0.07 0.16 9E-06 

(lbs) 



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 . MQ:l,.Jl:C:P~A~ DENSITY NUMBER OF ASSUMPTIONS USED. ·· 
I :·· ....... ·.· .. · ............ 

·~··· 
•. (glml) 

--< .! ... · . .. :_" ....• • .••• ·." 

. FOR CALCUCATIONS · ... WEIGHT (glmole).l···.· . iCARBONS· 

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-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 Bindel'S ·:·.: (lb/burri);. . co NOx ·· .<·,voc ><. ·PM: 

· .•. y . ·•-· ·. . -
TATB<1·2l 0.21 0.42 1.09E-02 2.92E-02 1.93E-04 8.17E-02 
NTQ<1.2) 0.18 0.36 1.01E-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 

Comp s<1·2l 0.04 0.08 2.00E-04 1.48E-03 N/A N/A 

LAX 112<1·2l 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<1:2l 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('.4

; ._t_ ~--..? :~~1- . 
... 0.02 2.20E-03 1.76E-O? N/A 1.76E-02 

Pentek<3Al 0.01 0.02 2.20E-03 1.76E-02 N/A 1.76E-02-

Exxon461 <3 .4) 0.02 0.04 1.00E-03 N/A N/A N/A 
KFE<3·4 l 0.02 0.04 1.00E-03 N/A N/A N/A 
Polystyrene(3 4) 0.02 0.04 2.20E-03 N/A N/A N/A 
Estane(3.4) 0.02 0.04 2.20E-03 N/A N/A N/A 
Viton<3·4l 0.02 0.04 1.00E-03 N/A N/A N/A 
BDNPA-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 
ooP<3.4) 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 1.31E-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. 



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 m/sec wind speed; and 
a one meter source height using a flare source type. Emission impacts are shown in Table 

.. 4 for themaximum 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 IMPACTS FROM HE PROCESS WASTE 
BURNING 

CHEMICAL . MODELING> .. AMBIENT AIR QUALI1"YSTANDARD ·• ,·,·- . .< ..• :-... ·.:_., AIR CONCENTRATION AT; ·... . · .... ··. ' 
.... ····· ,: "\"!, 

-~- .. -:,:·-;·;_->. ·······:····· .. ·.:·•.::.:. •::·::·.,.: <. 61 M (Mail 2o42 NI.{Pajarito'Rci.)·: 22ss lliiJsR4> . ,.,, ~ PARAMETERS :•: 0 0 :·: ::' 
,_._ 

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.lglm3 (0.1 ppm) 1.4E-02 ppm 1.0E-04 ppm 
Annual arithmetic 1.0 J.lg/m3 (0.05 ppm) 2.9E-03 ppm 2.1E-05 ppm 
average 

PM 24-hour average 150 J.lglm3 136.6 J.l9/m3 1.0 J.lg/m3 

2.5 meters/sec. 7-day average 110 }lglm 3 19.5 J.lglm 3 0.1 J.lg/m3 

wind speed 30-day average 90 J.lglm3 4.6}lg/m3 3.3E-02 J.l9/m3 

Annual geometric 60 J.lglm 3 27.3 J.lglm3 0.2 J.lglm 3 

mean 
so2 24-hour average 5.0 J.lg/m3 (0.1 ppm) 0.03 ppm 2.1E-04 ppm 

Heat Released Annual arithmetic 1.0 J.lg/m3 (0.02 ppm) 0.006 ppm 4.3E-05 ppm 
15,748 cal/sec. average 

Lead 3-month average 0.03 119/m3 8. 9E-06 J.lglm3 6.4E-08 119/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 10 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 llg/m3 

0.1 !191m3 

2.8E-02 llg/m3 

0.2 !191m3 

1.8E-04 ppm 
3.6E-05 ppm 

5.4E-08 llg/m3 

8.0E-04 ppm 
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;1~e oroper~ies are definec as the para~e:ers ~~ich characterize tne 

co~bus:ion 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 aGd protection needs. A fundamental understanding of diffusion 

fla~es has always been found to be very useful in the prediction of fires. In 

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

fo~ation in diffusion flames to develop relationships for the prediction of 

fire properties. 

The soot f0~ation in diffusion fla~es has been of great interest because 

of the relationship vith flame radiation and heat tra~sfer, co=justion e==;-

clency, and e~ission o~ oarticulates and other chemical compoun6s so~e 0f 

~hich ~ay be toxic and corrosive in nature. 

~n this s:udy, ve have used the concept of the ~o~e point height, Ls, 

vhich has been used by =any investigators to describe the sooting tendency of 

fuels. Ls is d2fined as the height of an overventilared diffusion fla~e at 

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

o: L5 , the greater the tendency to soot. Extensive data for L
5 

are availahle 

in the literature for liq~id and gaseous fuels 2-B. ~any investigators find 

that Ls depe~ds on the nature of chemical bonds and flace turbulence. It has 

been shoo.-n that Ls i$ related to flame temperature (flc.::1e coiwection) 6 ar.d to 

flace radiation 9 . 

In.order to use t~e literature data for Ls to develop predictions for 

fire properties, it was necessary to perform experiments in our flamnability 

apparatus. In the experi~ents, simultaneous rneasure~ents were ~de for L
5 

and 

of fuels of knoo.-n chemical structures and L val~es. 
s 

In addi-

tion to gaseous a~d liquid fuels, solid fuels were used in the ex~ericen:s. 

l 



The radiative co~o. anent of the co~bustion efficiencv, v is de~~ne~ as . r.;:<_ > 

( 7) 

3. EXPSRI:-1ENTS 

-::-~nor' -en~ c d i t sho·~ ',n, ~r· ig. 110 . ~~,..- J.•u • '-s ':.'ere per .. orr.1e n our appara us, ~ .. _ Fo:-

gaseous sa~ples, a burner tube very similar to one in Ref. 9 ~as used. :or 

liquid and solid sa~?les, a 250 ol Pyrex Erlenmeyer flask ~ith a 14/35 g7ound 

glass joint ~as used. Tne ground glass joint ~as attached to a 0.12-~ ~ong 

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

temoerature on L values. Ex:ernal heat flux ~as used for solid and lo~ vapor s 

pressure liquids; for high vapor pressure liquids, a hea:ing mantle place~ 

fla~ height ~e;:-e ·;c.:-.:.e: by var:;ing either the extar::al heat flu): o;:- the 

heating .:-ate of the ~c.ntle. 

Ls value ~as measured visually and for the measurement of fire pro~er-

ties, all the co~bustion products ~ere captured along ~ith air in :he sa~plin; 

duct of our apparatus. In the duct, measurements ':.'ere oade for the gas :ern-

per_a:u:re, mass fractions of co 2 , CO, total gaseous hydrocarbons (C:·i), soo: 

and r=-.. • 
. J. 

~easurer.1e~ts vere also made for op::cal :ra~s=iss~o~ 

through soot, but data have not been discussed in :his paper. The ge~e:-a:ion 

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

In the experiments, data ~ere recorded by a computer at a tine in:e~~al 

of about one second. Data vere averaged by the computer a: the s:ea~y s:ate, 

lasting for about 10 ninutes. Each expe7i~e~~ ~as perfo~ed at least L~ice 

and the data ;.;ere averaged. Tne accuracy of all the averaged ex?erio2ncal 

data is abou: ±2:. 

All the ex;:>eri~e::ts ·-·ere per:'orned u:-~de:- natu:-al air flo,.; co::ditions a:1d 

thus represent o~erve:::iia:ed fire conditions. 

) 



The relacionshi;::; bet·-Teen = 
• C:J2 ana !...

5 
is sa~e as ':1e C\.leen y ~ a ::d 

'',""\ 
1 25 ~s 

expected from Eq. (5) for overvent:ilated fires. 

Predictions of Fire Properties of Fuels 

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

general applicability, then it is possible to use the L
5 

values from the 

l i t e r a t u r e to pre d i c t X { and f " v a lues f o r rna n y f u e 1 s • The l i t era t u r e v a l u e s 
~ J 

for Ls, ho~ever, cannot be used directly because of variations due to dif-

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

follo~ing approach ~as thus taken in this study: 1) relationships ...._, ..... .,.,n ·r ... -~---( L-Is 

values meaiured 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 ~ere used by several investigators, the recalculated values 

cf L
5 

were averaged. The :::-ecalcula ted ·<'alues of L
5 

were then used in Eqs. (8) 

r-o (13) r-o pr di t ~'-- '"' · " - -- .e c ..... ·:: X2_ ar:..~ ::j valt.!es. The p~edicted val~es of Xi and fj 

are listed in Table L~. The de~ailed tabulation of the data is ~iven in 

Kef. 

i.e., 

1 2. Values of f in the table are calculated from the atoc balance, o::'1ers ~ 

~ 

~others l - l:f j. 

5. DISCUSSION 

Co~oarison Between the Predicted and Measured Values of Fire Prooerties 

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

fi:::-e properties (fC" o:- /_~· ;mrJ i'c:). A :-easo:table ag::-eemer<t can be no:::ec 
v 2 ~- ...I 

bet~een the predicted and measured values. Also our p::-ecictio:~s for f- a:~d . ) 

those of Pagni's 15 , based on e:~tirely different principles, are very similar, 

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

older fs value of 0.18 for polys::;:rene l/, referred in Ref. 15, appear-s· ::o h<:>. 

5 



Butadl~ne, ~~ich is a: :he co~ ~i:hin the alipha:!c 

fuels g~oup, is expected to follo~ the above aro~a~ic group o: co~pounds. 

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

In combustion systems, the ratio of CO to co2 is usen as an indicator of 

the burning efficienc:-' of fuels. for fuels burni.ng under ov2r-ventila:.:ed 

conditions, the ratio ·.:ill vary 'With :he chenical structure of the fuels. For 

fuels 'With fixed che~ical structure, ~he ratio 'Will vary Yith ventilation. 

?or fuels ·..;ich variable cheruic:c:l structure, burni:1g unde::- over .. ·entilatec 

conditions, the relationship bet'Ween fco and fc~ can be predicted fro~ 
u2 

Eqs. (lO) and 01). l"he predicted rela::ionshi? is sho1.-n by the solid line in 

?ig. 3. Experimental data obtained under vaiiable ventilation conditions for 

·~·ooc cri'cls, heptane, and ?:-'Y:...!.. fc-oo Ref. (18) to (20) ha·.re also '::>een i:-~cludec 

:..:1 r:..g. 3. nata for e:1closure fires of 'WOod cribs with variable ve~:ilation 

ve;:-e averag~d for si~itar fco values, anrl were c-estricted to the flami:1g 
2 

fires only. Date. in ?ig. 3 indicate that 

asy::pto':ic li:cit, vh:i.ch I.s atouc O.l2 for '·-'Ood, "-';.ich is a c':-lar :o::-~:..r.g :c.rel, 

and aho>Jt: O.OS for heptane and ?Yc:-' .. .!.., w'::ich are non-cha;:- :or-;ning fuels. 

The results in Fig. 3 indicate the.:, up to the asy-::1ptotic limit of fc 0 , 

the relationship 1s expecced to be the sa::P- for the 

co~bustion of fuels 'With: l) fixed cheoical st:ructure a~d variable ven:ila-

tion; and 2) variable chemical structuc-e 'With overventilation. It may be 

possible to de:ine ::he c.sy~~tot~c limit for fco for underve:-~tila:ed fires of 

fuels based on their chemical struct:ure. 

Relationship Between :he Gene;:-ation Efficiencies of CO and Soot 

Emissions of CO and soot: from combustion systems are associated with 

·;entila:ion and/o;:- involvement o: fuels ~..:'::ich ineffici.e:-'.Lly 

because of their che~~cal s:ructures. 

7 
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?roi.l ::::qs. (3), (.:;), a:cd (t4), 
---

;--~-----~---r-.T V 

· cj = ( t . ,: . It I c dT + 
! J J - p 
i 0 

-- ------ -------, 

H])(q'~ -q) I 
v · r s ·::-r ' I 

-------- _____ j 

( 1 - 'I 'D I 

per .. uni t_f_ue.L-=>.1.! r f a_c;~_area 

(kg/m~. 

emis_s_t on_ra te_Qj__£__cp_r3R.9.l1J:ld _j 

T 
In Eqs. (1.';)' (15) , and ( 16) , J v c dT + H .. is defined as heat p .• 

0 

gasification of the fuel, Lg (\(J/kg). ~~~ue.2.__are.~r.m fro;n the literature 

~ithin a generic group of fuels, Lg increases 
0 

with the molecular welght of the fuel, primarily due to increase in Tv, and 

can be estimated for fuels of higher rno~ecular ~eight. The measured value of 

L 
g and free the relationship between L and the ~olec­g 

~lar ~eight of alkenes, 1: can be estimated that the molecular weight of the 

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

reasonably close to a value of 0.692 kg/mole reported for the molecular ~eigh: 

of the P~ oligomer i~ ~yrolysis 22 . In a sb:.ilac fashion, the oolec:Jlar ·..;eig~,: 

o: ?? oligomer is esti~ated to be 0. 1 20 kg/mole. 

Fro2 the values of Lg, /-IT, kj, and the data frorJ Table II, eOJission rates 

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

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

is app~oxi~ately constant for fuels with variahle molecular weight withi~ a 

·generic group of fuels. withi~ the aliphatic fuels froup, 2he aS)~ptotic 

limit for qfs - q~r is equal to 41 1 t-:.•;,., 2 "':-"-a v-- 1 -,r-ion ...... l;! ' .............. II c .. _._,_..__- of= 15::: (as Ceri·,:-

ed from the da::a for polyox:;'7.:l~t·::ylene, ?~ .... \, hepcane, ;-Jolyethyle:1e, a:-~d ~,oly-

Prop ':1enel,l0,l6,17)_ T" ; i f h CO d t c l 1 ·"' i~ !- t".e e7:1_ss~on rates or eat, , an soo a cu.a~eu " 

respectively .. ~xperimental riata for ?E and ?? are also included 1~ Fig. 6. 



c p specific hea: (kJ/kg K) 

emission rare per unit 
? 

fuel surface area (kg/rn-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) 

!-L 
1 

H v 

k. 
J 

L g 

a .. -. ~s 

net heat of complete combustion (kJ/kg) 

heat of vaporization (kJ/kg) 

rilZXirnu::J possi":Jle total (cheorecical) y:eld of compound j o-c s:oi.chi8rne::ri.: 

nass oxygen to fuel ratio (kg/kg) 

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

smoke point height (rn) 

total :-c.ass f::.o·-· rate of combustion procJct-air mixture (kg/s) 

actual heat release rate (k~) 

total (theoretical) heat release rate (k~) 

fla~e hect co :~e s~~face vf the f~el 

- h l d . . . ('·''' 2) qrr surtace .• eat ass ue to reraclatlon ~"I~ 

6T gas temperature above ambient (K) 

vaporization temperature (K) · 

mass fraction of compound j (kg/kg) 

yield of compound j (kg/~g) 

co~bustion efficiency (-j 

convective component of combustion efficien~y 

Xp_ radiative component of co~bustion efficiency 

Subscripts 

f fuel vapCJ:-s 

i heac 

i 
-' 

ll 
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Fuel 

Methanol 

....... ' . , t.tnano.:. 

Acetone 

Pentane 

Is o p :-·:J ~-~.n ~ J. 

Hexane 

Nylon 

Ethylene 

Eeptane 

0\.f\,.(" 
.._. L .:...'"'1.. 

Cyclohexane 

Isooctane 

Polypropylene 

?olyeth:.:lene 

Propylene 

Pol;:s::yre.ne 

Toluene 

L 
(rn) 

" " 
0.225 

0.205 

0. 155 

G. 14 8 

0. 125 

0. 120 

0.106 

0. 110 

0. 105 

0.085 

o.oso 

0.050 

0. OL. 5 

0.029 

0.015 

0.005 

TA3L2: I 

Experimental Data for Smoke ?oint Heigh: and 

Selected Fire Properties of Fuels 
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0.97 0. 74 

0.96 0. 73 

0.94 0. 65 
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0.93 0. 63 

0.90 0. 58 

0.91 0.61 

0.93 0.61 

~ q-u. ') 0.63 

0.91 0.56 

0.91 0.6D 

0.89 0. 52 

0.87 . 0. so 

0.81 0.41 

0.66 0.26 

0.68 0. 28 
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0.35 

0. 31 
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0.37 

0. 40 

0.40 

0.40 

""co 2 
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-- 0 f 

0.93 

0. 90 

0.91 

0.93 

0.95 

0.91 

':).91 

0.89 

0.86 

0.81 

0. 65 

0.6'3 

fco 

0.001 

O.COl 

0.001 

0.002 

''· n-.-·- .. ~-' ·- ~ 

0.004 

().004 

·J.003 

0.004 

0.006 

0.005 

0.007 

0.015 

0.013 

0. 0 ll 

0.027 

0.830 

0.001 ,. 
·' 

0.001 0.021 

0.001 0.022 

0.001 N 

"''"i. :;:J l , . 
·' 

0.002 " " 

0.002 0 .. 03() 

0.002 0.0)2 

0.003 0 ,;)]2 

0.001 0.027 

0.001 N 

0.003 , . 
•• 

O.'J03 0.0 5·') 

0.002 0.1)6:) 

0.006 0.064 
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?ig. Fla~~aJility apparatus 

Fig. 2 Combustion efficiency a~d its convective and radiative co~po-

nents as functions of smoke point height 

Fig. 3 Relationship bet~een the generation efficiencies of CO and 

Solid li~e represents our prediccions for ~uels ~ich 

variaJle chec~cal structures. ~xperimental data points con-

nected by dashed lines are for variable ventilat~on conditions: 

0, enclosure fires of ·~·ood cribs, Ref. 18; • , Heptane, 

?.ef. 19; B, woo<l cribs, ?.ef. 13; *, ?~'Jot.-\, ?,ef. ?~. 

Fig. ~elationship bet~een the generation efficiencies o~ so~: and 

CO. Solid line represents our predictions for fuels with vari-

able chemical st:-uct:ures. S;r:J'::Jols connected by dashe.:i lines 

condi:i."J~SJ ?.e:. 20 .. 

Fig. 5 ~stimated e~ission races of heat, CO, and soot as functions of 

the molecular weight of alkanes for overventilate~ fires. 

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

~o~ecu:ar ~eight of alkenes for ove~~entilated fi~es. 

s;.-:nbols represent experL:J.ental data for polyethyle:-le 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 StapJ978 
Los Alamos National Laboratory 

LosAlamos, NM 87545 

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

Memorandum 

DATE: Nov tl 6 .2JJo 1 
i 

TO: New Mexico Environment Department 
Air Quality Bureau · 
Phone Number: (505) 8.27-1494 
FaxNumber: (505) 827~1523 

Attention: John Volkerding, Enforcement 

Subject: OPEN BURN NOTIFICA_TION 

FROM: tiA~!J /J A .. r1 ;:}Je-7-1"1162_ 

l4l 001 

TechnicalArea: lcf Operation: ifVA.A/ AT Q·.S:;rz(jo J...,.../ 6/-leec=L,., 

Proposed Burn Date: W££1<: () F NO() 5 ti, 2.. 0 D I 

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

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



12/10/01 MON 11:23 FAX 

Los Alamos National Laboratory 
ESH;..J7 

Air Quality Group 

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

· Los Alamos, NM 87545 

DATE: 0£C. I() 2LJO/ 

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

Memorandum 

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

Attention: John Volkerding, Enforcement 

Subject: OPEN BURN NOTIFICATION 

FROM: ldz,.,et?d/ A /YJ;:;.gr/.!VE c. 

l4l 001 

Technical Area: I 7' Operation: au RAJ AT Q- s I T6-(r(') ,.IQ I. Br:~~c- ( 

ProposedBurnDate: w~:.-EA::: OF D&'LC.-I??Bcle /o 7 4- zoo I 

Co~n~:--------------------------------------------------

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 

Las Alamos, NM 87545 

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

Memorandum 

DATE: Fti"t- f. 2 00 ?:._ TO: New Mexico Environment Department 
Air ·QUillity BW'eau · 

, 
Phone Nuniher: (505) 827-1494 
FaxNumber: (505) 827-1523 · 

Attention: John Volkerding~ Enforcement 

Subject: OPEN BURN N011FICA.TION 

TechnicaiArea:.--'-I....L.t/___ Operation: 8urN A-T Gl-S ;TI::.-
.· ?CJ !JP/. 13 /?_,e,e ~ (__ 

Proposed Burn Date:~W~6"~r;!<::..~ ..!..l-L._....:O::....::..l=-_~F-=e-=--=6..:;...~ --=Y.~;~-..:::2-~CJ~o:.....Jz._===------

CO~nu: ______________________________________ ___ 

For further iriformation, please call Harold Martinez at (505) 665-8863. 



GARY E. JOHNSON 
GOVERNOR 

12 August, 1999 

Leland Maez 
ESH-17 
LANL 
Los Alamos, NM 

State of New Mexico 
·'ENVIRONMENT DEPARTM1:::iVT 

AIR QUALITY BUREAU 
2048 Galisteo 

Santa Fe, New Mexico 87505 
Telephone (505) 827-1494 

Fax (505) 827-1523 

RE: TA-16 Open Burn Application 

Dear Mr. Maez; 

PETER MA GGORIE 
SECRETARY 

I have reviewed the open burn application dated July 29, 1999 and referred to as ESH-D0:99-
163. Attached please find the signed approved open burn application. 

I appreciate the invitation to observe the burn and do look forward to that opportunity. If you 
have any further questions or comments please feel free to contact me at the address below or at 
505-827-1494 x1496. 

Sincerely; 

\l ,.,.,..__ U'-'- ·~ r!' , _-\. 

J~hn M. VolkerdinP 
Environmental Specialist 
Enforcement 

Runnels Site: 1190 St. Francis Dr.. P.O. Box 26110 Santa Fe. NM 87502-6110 Phone: (505)827-0031 Fax: (505)827-0045 



Los Alamos National Laboratory 
Environment, Safety and Health Division 
P.O. Box 1663, Mail Stop K491 
Los Alamos, New Mexico 87545 
(505) 667-4218 I FAX: (505) 665-3811 

Mr. John Volkerding 
Air Quality Bureau 
New Mexico Environment Department 
2048 Galisteo 
Santa Fe, NM 87505 

Dear Mr. Volkerding: 

Date: July 29, 1999 
Refer to: ESH-D0:99-163 

Enclosed is an open burning pennit application for the prescribed bum of a wood pile at 
TA-16. Prescribed burning is requested for this pile in order to eliminate the 
contaminated wood pile and to reduce the volume of contaminated waste. 

This application request is for a one-day bum scheduled sometime in the summer or fall 
of1999 or the spring of2000. When the bum is scheduled, you will be notified and 
invited to view the bum. 

Additional infonnation for the proposed bum plan, emissions estimates, and impact 
analyses are included along with the pem1it application. The application and attachments 
satisfy the information requirements specified under Title 20, Chapter 2.60 of the New 
Mexico Administrative Code for Open Burning. 

If you have any questions concerning this permit application for the prescribed burning of 
the wood pile at TA-16, please contact Leland Maez from the Laboratory's Air Quality 
Group at 665-1240. 

incerely, 

Enc: a!s 

Cy: R. Valdez, DOE-LAAO, MS A316 
S. Fong, DOE-LAAO, MS A316 
D. Tucker, LAFD, Los Alamos 
D. Webb, ESH-20, MS M887 
D. Woitte, LC/GL, MS A187 
D. Stave1i, ESH-17, MS J978 
L. Maez, ESH-17, MS J978 
ESH-17 File, J978 
ESH-DO File 

r1incerely, . L 
y~V2~"~ 
James Gourdoux 
Fire Marshal 



ATTACHMENT A 

ADDITIONAL INFORMATION 

Objectives: The proposed burn event must accomplish the following: 

• Eliminate contaminated wood pile; and 

• Reduce the amount of contaminated waste. 

Purpose: Mitigate the hazard associated with a wood pile, potentially contaminated with depleted 
uranium (DU), that was collected as a result of wild fire prevention measures. Contamination is 
suspect due to the nature of activities historically performed at the site from which the wood was 
removed. 

Date Burning Requested: One bum event to take place in the summer or fall of 1999 or the spring 
of 2000 and to be completed on a single day. 

Alternatives to Burning and Why Alternatives are Not Feasible: 20 NMAC 2.60- Open 
Burning requires that alternatives to open burning be used when appropriate. However, for the 
following reasons, burning the wood pile is the method of choice to achieve the objectives: 

• Varying amounts or rock, concrete, and rebar mixed in with the wood make chipping 
impractical; and 

• DU shrapnel imbedded in the wood could contaminate and damage the chipper. 

Burn Organization: 
Fire Coordinator - Los Alamos Fire Department 

Bum Personnel - Los Alamos Fire Department 

Emergency Response Coordinator - Gene Darling 
Emergency Management and Response 
Los Alamos National Laboratory 

Air Emissions Coordinator - Leland Maez 
ESH-17 Air Quality 
Los Alamos National Laboratory 



Smoke Management: A number of procedures will be performed prior to and during burning in 
order to reduce emission impacts. These include the following: 

• Assessing atmospheric conditions (wind speed, direction, and stability) 

• 

Continuous monitoring through the use of meteorological data taken from the main 
meteorological tower located 3 km from the bum site 
Bum only when meteorological conditions are within those used in the SASEM impact 
modeling studies shown in Attachment B of this document 
Begin bum in late morning when down slope drainage winds have ceased and prevailing 
winds are out of the South/Southeast 
End bums in early afternoon to allow adequate time for smoldering and smoke 
abatement to occur before down-slope draining begins (late afternoon/early evening) 
Burn only when meteorological conditions are such that impairment of visibility across 
highway 501, highway 4, and the air strip East oftown is not impacted 

Appropriate fuel conditions 
Ambient temperature: 
Relative humidity: 
Fuel moisture: 

50-80 °F 
15-30% 

. l hr 
1 0 hr (spring) 
10 hr (fall) 
100 hr 

15% 
16% 
20% 
11-18% 

Particulate Monitoring Location: Continuous PM10 emissions data will be collected for the 
duration of the bum. The monitor will be placed at a location sighted to receive maximum smoke 
impacts from South/Southeasterly winds. Filters from the monitor will be analyzed by the New 
Mexico Environment Department. 

Firing Plan: The fire will be started with a torch to set off diesel fuel poured on the wood pile. 
Compressed air foam will be used as a holding method. 

Contingency Plan: Should the bum escape the allowable area and grow beyond the capabilities of 
the holding forces, the escape will be declared a wild fire. The bum boss will notify the Santa Fe 
Zone Dispatch, Los Alamos Fire Department, the Department of Energy, and the District Ranger 
thereby implementing an Escape Fire Situation Analysis. 



Air Emissions: The following table indicates the amount of pollutants estimated to be released 
from the proposed bum event. 

Pollutant Emission Factors* Emissions 
(lb/ton of wood burned) (lb) 

C02 252 52,164 
NOx 2.6 538 
PMtotal 40 8,280 
SOx 0.4 83 
voc 19.8 4,099 
DU 0.05% of the uranium mass burned** 2.84E-04 

*Unless otherwise noted: Air Chief, EFIG/EMAD/OAQPS/EPA, Version 4.0, July 1995 
**Pacific Northwest Laboratory study 

Air emission estimates for open burning are based on a wood pile of 1500 m3
. The quantity of 

wood available for burning was estimated assuming that loosely piled mound consisted of 25% by 
volume wood with a density of 0.5 g/cm3 (from CRC Handbook of Chemistry and Physics, 62nd 
edition, p. F-1). 

The DU air emissions result from the particles and shrapnel that are potentially lodged in the wood 
from historical projectile firing activities. Monitoring studies confirm that volumes of20 cords 
have contained as much as 50 grams of DU lodged as shrapnel. Through extrapolation it is 
estimated that the woodpile (103 cords) potentially contains 259 g ofDU. A study conducted by 
Pacific Northwest Laboratory found the fractional airborne release of uranium during controlled 
burning to be between 0.05 and 0.003 percent of the uranium mass burned. Assuming the 
conservative release fraction, the potential release is 0.129 g or 5.66E-08 Ci ofDU (Specific 
Activity is 4.38E-07 Ci/g). 

Impacts: The impacts from this burn event were estimated using SASEM for the particulate matter 
impact (Attachment B) and HOTSPOT for the radiological impact (Attachment C). DU was 
modeled as the following: 

Radionuclide 
U-238 
Th-234 
Pa-235 
U-234 

Fraction of Parent Activity 
75% 
75% 
75% 
25% 



ATTACHMENT B 

SASEM Impact Modeling 



Your input values from SASEM are: 
l. Fire/site name ...................... . 
2. Date of the burn .................... . 
3. Burn type of the fire ............... . 
t.. Fuel type of the fire ............... . 
5. Size of the fire .................... . 
6. Fuel loading of the fire site ....... . 
7. Fireline intensity .................. . 
8. Burn duration ....................... . 
9. Meteorology type .................... . 

10. Prescribed wind speed, minimum ...... . 
Prescribed wind speed, maximum ...... . 

11. Prescribed wind direction, minimum 
Prescribed wind direction, maximum .. . 

12. Prescribed dispersion day minimum ... . 
Prescribed dispersion day maximum ... . 

13. Average mixing height ............... . 

TA-16 WOOD PILE 
No date 
PILED 
WOOD 

1 piles 
13250. cu ft 
1450.0 Btu/ft/sec 

4.00 hours 
PRESCRIBED 

E 
ESE 
EXC 
FAIR 

2.0 mi/hr 
10.0 mi/hr 

1000. meters 



Sensitive Receotor Information 

Receptor 
Number 

1 
2 

Receptor 
Name 

Los Alamos 
Bandelier 

Receptor 
Distance 

3.0 
1.0 

Receptor 
Direction 

ssw 
WNW 



The SASEM calculated emission statistics are: 
Pollutant o: interest ...................... . 
Emission factor ............................ . 
Emission rate .............................. . 
Total particulates emitted ................ . 
Proportion of fuel consumed ................ . 
Heat content of fuel specified ............. . 
Residence time of fire front ............... . 
Heat release rate for a plume .............. . 
Persistence factor for concentration ....... . 
Proportion of smoke which rises ............ . 
Proportion of total particulates in PMlO ... . 

Particulates (TSP and PMlO) 
17.92 g/kg 
56.09 g/s/pi1e 
0.9 tons 
so. % 

7000. Btu/lb 
960. s 

12173249. calls 
0.17 

60. % 
80. % 



I 
Exceedences of Standards I 

Distance to TSP* PM10* I 
Disp Wind Maximum Maximum Distance Downwind Plume I 
Day Speed Concen Concen From To From To Rise I 

(MPH) (ug/m** 3) (mi) (mi) (mi) (mi) (mi) (m) I 
I 
I 

EXC 2.0 1.7 2.87 NO VIOLATION NO VIOLATION 168 9. I 
EXC 3.0 2.3 2.00 NO VIOLATION NO VIOLATION 1126. I 
EXC 4.0 3.0 1. 54 NO VIOLATION NO VIOLATION 845. I 
EXC 5.0 3.6 1. 26 NO VIOLATION NO VIOLATION 67 6. I 
EXC 6.0 4.1 l. 07 NO VIOLATION NO VIOLATION 563. I 
EXC 7.0 4.7 0.93 NO VIOL.J\TION NO VIOLATION 483. I 
EXC 8.0 5.3 0.83 NO VIOLATION NO VIOLATION 422. I 
EXC 9.0 5.8 0.74 NO VIOLATION NO VIOLATION 37 5. I 
EXC 10.0 6.3 0.68 NO VIOLATION NO VIOLATION 338. I 
GOOD 5.0 2.7 2.72 NO VIOLATION NO VIOLATION 67 6. I 
GOOD 6.0 3.2 2.22 NO VIOLATION NO VIOLATION 563. I 
GOOD 7.0 3.7 1. 88 NO VIOL.J\TION NO VIOLJ\.TION 4 83. I 
GOOD 8.0 4.2 l. 62 NO VIOLATION NO VIOLATION 422. I 
GOOD 9.0 4.7 1. 42 NO VIOLATION NO VIOLATION 37 5. I 
GOOD 10.0 5.2 1.27 NO VIOLATION NO VIOL.Il..TION 338. I 
FAIR 7.0 1.3 9.65 NO VIOLATION NO VIOLATION 4 83. I 
FAIR 8.0 1.6 7.62 NO VIOLATION NO VIOLATION 4 22. I 
FAIR 9.0 2.0 6.18 NO VIOLATION NO VIOLATION 375. I 
FAIR 10.0 2.3 5.13 NO VIOL.J\TION NO VIOLATION 338. ! 

I 

The primary TSP standard is 150. micrograms per cubic meter. 
The primary PM10 standard is 150. micrograms per cubic meter. 



Receptor 
No. Name 

1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Jl"lamos 
1 Los J\.lamos 
l Los Alamos 
l Los Alamos 
1 Los Alamos 

Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
1 Los Alamos 
L. Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 
2 Bandelier 

Dist 
(mi) 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1.00 
1. 00 
l. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
l. 00 
1. 00 
l. 00 
1. 00 
l. 00 
1. 00 

Dir 

ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
ssw 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 

Disp 
Day 

EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
FAIR 
FAIR 
FAIR 
FAIR 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
EXC 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
FAIR 
FAIR 
FAIR 
FAIR 

Wind 
Speed 
(MPH) 

2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
5.0 
6.0 
7.0 
8. 0 
9.0 

10. 0 . 
7.0 
8.0 
9.0 

10.0 
2.0 
3.0 
4. 0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
7.0 
8.0 
9.0 

10.0 

Range 
of Wind 

Dir 

E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 
E -ESE 

P&K* 
Visual 

Range 
(rni) 

Kosh** 
Visual 

Range 
(mi) 

NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMP.l\CT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMP.i;CT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO H1PACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 
NO IMPACT 

* Packham, D. R. and R. G. Vines, 1978, JAPCA 28:790-795. 
**Koshmieder, 1924, Beitr. Phys. Freien Atm., 12:33-54. 

and EPA, 1979, EPA-450/5-79-008. 
Based on TSP emission rates 



ATTACHMENT C 

HOTSPOT Impact Modeling 



Details/ Assumptions of DU run 

Used HOTSPOT code Version 8 

Stability class D 
Wind Speed= 2 m/s 
No mixing layer 
Deposition Velocity= 1 cm/s 
No plume rise 
Release height= 4 m 
Instantaneous release 

Assumes plume centerline goes over receptor 



D = 4.000 km 
DEP 3.8E-09 uCi/m~2 
CHI 3. SE-13 (Ci-s) /m~3 
50-YR DOSE COMMITMENT: 
-------------------------
EFFECTIVE DOSE 
EQUIVALENT 8.8E-09 rem 



HOTSPOT 8.0 GENER~L PLUME 7-08-1999 14:28 

USER MIXTURE : DU.MIX EFFECTIVE RELEASE HEIGHT : 4.00 m 
WIND SPEED (h=2 m): 2.0 m/s 
WIND SPEED (h=H-eff): 2.2 m/s 
STABILITY CLASS D RECEPTOR HEIGHT 0.0 m 
INVERSION LAYER HEIGHT NONE 
S.~PLE TIME 10.000 min 
~~XIMUM DOSE DISTANCE < 0.10 km MAXIMUM CEDE > 5.5E-06 rem 
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50-y breathing conversion 
CEDE rate DCF 

(rem/f.LCi) (m 3/s) (rem-m3/Ci-S) 
U-238 120 3.33E-04 4.00E+04 
Th-234 0.033 3.33E-04 1.10E+01 
Pa-234 0.00074 3.33E-04 2.46E-01 



Du.mix 
* HOTSPOT MIXTURE DATABASE 
* 
* The following criticality release inventory is associated 
* with a stanard depleted uranium mix. Deposition velocity is assumed 
to equal 1. 

* 
* 

Nuclide Number 1 
================================================ 
Radionuclide 
Particle Class 
Halflife (Years) 

SUBMERSION 

50-yr CEDE 
Skin 
Lung 
Thyroid 
Surface Bone 
Red Marrow 
Liver 
Spleen 
Gonads 
Breast 

Curies Released 
Release Fraction 
Deposition Velocity (em/sec) 

U-238 
: y 

4.5E+09 

(rem-m3)/(Ci-sec) 

4.0000E+04 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 

4.2000E-08 
1. OOOOE+OO 
1.0000E+OO 

Nuclide Number 2 
================================================ 
Radionuclide 
Particle Class 
Halflife (Years) 

SUBMERSION 

5-0-yr- CEDE 
Skin 
Lung 
Thyroid 
Surface Bone 
Red Marrow 
Liver 
Spleen 

Th-234 
: y 

6.60E-02 

(rem-m3) /(Ci-sec) 

1.1000E+Ol 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 

Page 1 



Spleen 
Gonads 
Breast 

Curies Released 
Release Fraction 
Deposition Velocity (em/sec) 

Du.mix 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 

1.4000E-08 
1. OOOOE+OO 
l.OOOOE+OO 

Page 3 
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Picture and Map 





Location of Wood/Brush Pile at T A-16 e =location of pile 
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rA T!~-~O'::'f~N~E~\11-I'I~DU"'""'c,_o_ 
.-:: . 
:, nvrronment 

Department 

PERMIT NO·------

NEW MEXICO ENVIRONMEI\'T DEPARTMENT/AIR QUALITY BUREAU 
PERMIT APPLICATION AND REPORTING OF OPEN BURNING FOR 

PRESCRIBED/PRESCRIBED NATURAL FIRE AREAS 

PERMITTEE: USDA_ USDI BLM :MILITARY DOE X PRIVATE_ OTHER_ 

(Township, Range, Section) 

PROPOSED ACREAGE _ _;":'c:.c:_i r.-=--: ___ FUEL LOADING DETERMINATION METHOD F:,::~.i!f\3te'l Vc:·:t·c-r'"" 

TYPE OF 

Is burn likely to impact a smoke sensitive area? Yes No X 
If yes, please attach a map of smoke sensitive areas (1nclude distance and direction). 

~---- . 

(AQB assigned) 

Smoke sensitiv~'areas include: Class-:! areas as well as other scenic and important views, urban and rural population c~nters, holipitals, nui"Sing homes, schools, transportation 
facilities such 3s ~pads, highway;;;"'apd airports, recreational areas, anll\other locations that may be sensitive to smoke Impacts for health, sa(ety, and/or aesthetic reasons. 

• .~ " -;§;~ 
<"""'~ -~?'; 

Signed '')t~~.J.-. __ ~la:.l:J- '< ·­
~)S:~ij-rf.i.s E:t~~t~~~l''"t Name and Titb/ 

BS:8' 
Submit to: New Mexico Enviromnent Department, Air Quality Bureau 

2048 Galisteo 
Santa Fe, NM 87505 

Date 3 ::) 

This application has been received by the New Mexico Environment Department and is 
APPROVED J( DENIED __ for the following reasons:_c------------------------

This permit is approved for the following dates:__;·"...::~'...::: '-£.: __ -~J_....:· '=-;:::..· ~/-'~~...::· c...::_c'-_ -----'--~.:..:: '"'-'-""~'"-' ...::,-_-:..._' _·...::-~:::-::::..:-~'~::::;~:.:::t:..:.::'C:..:~ '"-'!'"''-' --------­
and is subject to the conditions set forth in-20 NJv1AG-2.60 and the following conditions: 

•, 

' / ,.~,§- "":'' 

/ ,.,~~ ,•' ,-, 
·-:"" ... . ·.£,._ 

,/ ... .:c"~ .- ,· (.""' _,. j.·· ;.-.-.<"'. 

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/sht 
and helshe alone, assumes full responsibility to exercise the utmost care and judgement before igniting any prescribed fires. The Environment Department hereby disclaims an0 
and all liability of itself or it's agents that might be incurred by petitioner's acts. 

Signed'--,--'--~'-"'...::''--"-'---'-~~~---:-::::-:----------------- Date ;,; / ,~,; ·" ·"­
Narn~ and Title 

NMED 8/96 White - Applicant; Canary- Applicant Main Office;· Pink - Air Quality Bureau; 



rAlil>~F:"'N:":'_ E::,w~-.. -.EXl=""'c""'o-. ----... ~~====;:~ - • ··- --...b ,:, n'U'Ironment 

;le!partment 

(Township, Range, Section) 

* PROPOSli:D:ACktiGE FUEELOADING DETERMINATION METHOD 
~;,·- - ::j,' ~,---'-'-,:-'-,-,---._., •. -.- ---,--~~--------------
·:·. 

TYPE OFFUEL.,...--'-;;--c::,-,--'-'c-::~--'--=-,.,-::---'--,~'---------- TONS/ACRE ____ *------------~-
. *See Attached nr.£~nt 

J£ btirnlili:ely tq iffipact asii1qke sensitive area?"."¥es_ No.1!_ 
If y~s, p1e£ise att1H::~31111~P Qf~oR:e ~ensitive•a.reas (Jp.clude distance and direction). 

Stno_k~ sensitiVe are~~ilc!ude~ciW:l.;'~e,.S;,. ~~II, as ?tlier ~~enic and importantvi~ws, urban ah~fi>opulation c,\nters, hospitalS, nursing fiomes, schools: transportation 
-f>tcihtlessuch as ~oa11s, htgh.ways,and•al!'pol!$; recreational areas; and otherJocatiOns that may !!~- se~1tlve to smoke!lmpacts fol' health, safety; and/or aesthetic reasons. 

Sigi19d"/ ~»:- --J;~ ;}' f~ . . . '~~' D-DO\( A'iL~ . -- -=:<~'\i>Jtoate·_ '+-...,· ,_,_-:_r_·-________ _ 

<_/: .,.,.~ #··-

·n.·: ___ ;EtiC~~~:"t;: ·c·ESH,_·.- -<-: ~· lf,~;,__·:llSVa Ilt ES-~ {Division , Dire-=tOrs ). 
Subniitto: New MexicoEnvirorimerttb~jJ.rlment, Air Quality 

2048 Gaiisteo. . · · 
Sa:rlta~Fe.NM ;g75os 

,>,' '~'' ,-· ' '• • 'o.·. 

this ap:pi1C:itiollliasbee-Jl:c~eteived.oy~lj.e New Mexico Environment Department and is 
APPROVED /( . . DENIEil~. > for.tiit!-followirigreasons:~------------------------

1bis permit is approved .f6r t.&~ _ •.. _ . 
and is subjectto the conditions set-

·M·;~~~~~5t {;;n} 

Tlie Dep~e~tcreseiv,~_.ih&tjgqtfo•ciliicetthis jiei'Iilit'at;an:#iiiie;ift~e:pubiic·iiiteie_stso ~nts:it;,.The hoider ofthis.permit'is therefore cautioned• and- diiu:ged that hel~.IJe, 
amLhels~e-aioriti;-_assume5full•-reSpiillsibHitY:ti);~xercis~lhe' utmost care and judgement before igniting any prescribed.lires. The ;EnviromnentDeparune11t he'1'bY di~claims iin~· 

::::~~~bu~J2!Jt:~:~~=~~~petitie:~~ts.,5~t'errJ~ ~ f . Date ~/f</ ~~~7 · __ ..... -- . 
_,Jr '...._...,. Name a.iiii .T;itle \ / f <i:c;j} (;/ .. ·· ;~ 

NMEri st96 White - Applicant;.. Canary ·Applicant MMn: Office; Pink- Ait Quality Bureau; 



GARY E. JOHNSON 
GOVERNOR 

August 27, 1996 

Mr. Steven Fong 

State of New Mexico 
ENVfflONMENTDEPARTMENT 

AIR POLLUTION CONTROL BUREAU 
2048 Galisteo Street 

Santa Fe, New Mexico 87505 
(505) 827-1494 

Fax (505) 827-1523 

Office of Environmental Projects 
Department of Energy 
Los Alamos Area Office 
Los Alamos, New Mexico 87544 

RE: Open Burning - TA-16 Flash Pads 

Dear Mr. Fong: 

MARK E. WEIDLER 
SECRETARY 

EDGAR T. THORNTON, Ill 
DEPUTY SECRETARY 

This letter is in response to your August 15, 1996 letter regarding 
open burning at Technical Area 16 (TA-16) flash pads. 

Based on the information submitted and the description of the 
operation there are no requirements under 20 NMAC 2.72, 
Construction Permits or 20 NMAC 2.73, Notice of Intent and 
Emissions Inventory Requirements. The open burning permit issued 
April 4, 1996 by the Air Quality Bureau is sufficient. 

Sincerely, 
t0/ :~f / .1---- .:/ , Jf c::::r? 

~~f:!::~~f{{:;~t 
Manager 
Permits Section 
Air Quality Bureau 

cc: Fil Dominguez, Enforcement Section, Air Quality Bureau 



Mr. Richard Goodyear 

Department of Energy 
Albuquerque Operations Office 

Los Alamos Area Office 
Los Alamos, New Mexico 87544 

AUG 1 5 1996 

New Mexico Environment Department 
Air Pollution Control Bureau 
2048 Galisteo 
Santa Fe, New Mexico 87505 

Dear Mr. Goodyear: 

As a pollution prevention measure, Los Alamos National Laboratory (LANL) is 
proposing to change the method of operation of open burning at Technical Area 16 
(TA-16) flash pads. LANL plans to discontinue the routine practice of using wood fuel 
fires currently used to remove High Explosives (HE) from HE-contaminated objects. In 
the future, LANL will flash HE by the use of outside propane burners. This would 
significantly decrease both the air pollutant emissions and the generation of ash. 
Currently, these operations are regulated by the Resource Conservation and Recovery Act 
(RCRA) as well as open burning as defmed under New Mexico Administrative Code 
(NMAC) 20 NMAC 2.60. A draft RCRA permit application detailing additional 
operational limitations for the facility was submitted to the Solid and Hazardous Waste 
Bureau on March 21, 1996. The open burn permit and applicable parts of the RCRA 
permit application are included in Enclosure A. Operational terms and conditions from 
the RCRA permit application and from the open burn permit place federally enforceable 
limits on the number ofburns and the amount of material to be flashed, thereby limiting 
the emissions below the thresholds that would require LANL to obtain an Air Quality 
pe1mit as required by 20 NMAC 2.72. However, you indicated recently that your staff 
would like to review the installation of new equipment, even if it will decrease the 
potential emission rate for the facility. We are providing the pertinent information below 
and would like to meet with you to discuss the status of this change under 
20 NMAC 2. 72-Construction Permits. 

Current Operations 

This operational change will affect the following open bum pad operations as shown in 
Figure 1 (enclosed). 

TA-16-387 flash pad, used to flash HE off contaminated debris; 
TA-16-394 open pad trays, used to burn HE-contaminated solvents and oils. 



Mr. Richard Goodyear 2 

Wood fuel fires are used to destroy HE on the TA-16-387 flash pad and the TA-16-394 
solvent/oil trays and are regulated by open bum permits. 

Proposed Modification 

The proposed modifications are summarized below: 

Because of its location next to a future RCRA regulated clean site, NMED has 
asked that TA-16-387 be closed. During an interim period of flashing operations, 
three portable propane burners, each rated at approximately 1.4 million British 
thermal units, would be used to flash equipment instead of wood. 

After closure of the RCRA site, all future flashing operations are moved to 
TA-16-388. LANL proposes to install up to six propane burners, each rated at 
approximately 2 million British thermal units, at this location and begin phasing in 
the flashing operations prior to cleaning TA-16-387. 

The oiVsolvent burning operations will be moved to TA-16-388 to be treated with 
propane instead ofwood, and the existing TA-16-394 oil/solvent burning trays will 
be closed. 

Figures 2 and 3 (enclosed) are schematics ofthe proposed design ofTA-16-387 and -388. 
Wood-fuel would be used only for occasions when the propane system failed or there was 
HE-contaminated wood which required flashing. All of the proposed operations would 
be regulated by open burn permits. 

Air Quality Permit 20 NMAC 2.60, Open Buming at TA-16 effective April1996 through 
May 1997, places enforceable limits of36 flash bums/year and 45 solvent bums/year. 
Each solvent bum can burn no more than 55 gallons at a time. The RCRA draft permit 
application places enforceable limits on the amount of material flashed during any burn 
( 40,000 lb/burn). In addition, the RCRA draft permit application identifies operating 
procedures including that a minimum of 24 hours elapse before handling of the flashed 
material can occur. Because the total number ofbums conducted each year at the TA-16 
burn grounds would not change, the net effect of installing propane is a reduction in the 
potential to emit for the facility of LANL. Comparisons of emissions from the existing 
flashing operations and proposed change to propane are detailed in Table 1 (enclosed). 

We would very much appreciate a meeting with you and/or your staffto further discuss 
this proposed change. Please call me at (505) 665-5534 or Doug Stavert ofLANL's Air 



Mr. Richard Goodyear 3 AUG 1 5 1996 

Quality Group at (505) 665-0235, to arrange this meeting or to provide any additional 
information. 

LAAMEP:9SF-083 

Sincerely, 

4!11 / ~\ \ (. ~' ,/' ~; 'v ' /-·' 
\,~: 

Steve Fong 
Office of Environment d Projects 

Enclosures 

cc w/o enclosures: 
J. Plum, AAMEP, LAAO 
D. Stavert, ESH-17, LANL, MS-J978 
L. Maez, ESH-17, LANL, MS-J978 
ESH-Recordkeeping Files 

(TA-16-Burning Grounds), LANL, MS-J978 
H. Noskin, ESH-19, LANL, MS-K490 
S. Goel, EPD, AL 



ENCLOSURE A 

20 NMAC 2.60- APRIL 1996 OPEN BURN PERMIT FOR 
TECHNICAL AREA 16 

APRIL 1996 SELECTED PARTS OF THE RCRA SUBPART A & B 
PERMIT APPLICATION 
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Environment 
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recreationaJ!' areas r e.n.d ot.be.:r;:. locatioD..S t.bat r::.ay :c~ 

i . I i /1 
for bea..]-t.JJ. r! safr~_:r; \B..Dd/~I:;:::;est.beti.c reaSOD.S. 

ot.ner scenic and 

hospitals r na::sing b.o=o=s r 

higbvc.ys, and ai.rports, 
se.n.sitive t:o s::::oke i:=pact:.s 

S ig:; eci __ "'-0-=----lr:'&...,:.._·--f-J-1_{('-'-' ·-'-'-f~'--/Z-~=----------
1 ]r -.~ ..,.-? 'T'·i 1;:::::. 

!-;/ ~~~G 
D?..: e ___ _.:.. ___________ _ 

.f •2~/- 2 .. - __ ( __ 

Jose?k-2 C. V-azellc., Assisc2nc .~.:-e2 :~c..:-:2.ge:-

Sub::-:i t. to: 

20::8 Galisteo 
Sante. Fe, NH 87505 

and 
isJ...}_,_: ... ,~g I-22SOLLS: 

c. 

:for-~-;,~ ,=o71o··: .... ~ c".:::1~Ds· 

• I . 
~~:z .LS S:.J.bj ect t:o th-2 

~ .. -fJ~p ~:; ~i/ i ~17 
conditio::.s se~ 1 =o::~h ..... 301 a ... nd foJ.J.o: .. :.0'.g 

o::d tbat: be/ S:::.e, 
respon...sibilit:y t:o e.xe=cise t:be cb::::os;; ca::e a..nd 

p.=:e s c :::-i.b-ed f i..re s . T be E.rrc" i_._-ro.r:;_ -2..:1 t D-e ~'--en t:. 

l..iabi...l.i..t:r)of itseLf or i..t's ageDts t:.bat ::t..iqbt 1:8 
j/ /J. I I 

1 ~ "';'\ 

J 

be/E!::.e alo:J.e, as.s=es 
j-:::·;e.-.--ent. b-efore ign.i. 't..i...ng any 

b.e:::e.by di.sclai::t.s any and ~1 
.=...::c-_-::-e-d b ... T p-etition e.:::' s act:s. 

.{ . ' 'j // I~/ 



Filib€rto Dominguez 
Air Pollution Control Bureau 

Depai"tmr=;nt: of Energy 
Los Alamos Area Office 

Albuquerque Operations Office 
Los Alamos, New Mexico 87544 

!App 
i-!. ! ' " ! 

New Mexico Environment Department 
2048 Galisteo 
Santa Fe, NM 87505 

Dear Mr. Dominguez: 

Enclosed is an open-burning permit application for the burning operations 
co:1ducted throughout the year at Technical Area (TA) 16. Open-burning at the Los 
Alamos National Laboratory is conducted in order to diminish the safety risks 
associated 1-vith high explosives (HE) contaminated waste generated at this areas. 

The enclosed application satisfies the information requirements specified under 
Title 20, Chapter 2, Part 60 of the New Mexico Administrative Code (NMAC) for 
open burning. 

As stipulated in 20 NMAC 2.60, S€ction 109, paragraph C unrestricted open-burning 
of HE material is allowed as a means of disposal in order to eliminate the hazards· 
associated vvith transportation. Two open-burning operations conducted at TA-16 
involve almost pure HE materials and therefore, not subject to permitting under 20 
NMAC 2.60 and not included in the attached permit application. These hvo HE 
burning operations are: 

Ooen Bum Tables 
Discarded bulk HE is burned on tables. 

Filter Vessels 
Sludg~ dried HE particles collected from the cleaning of HE contaminated 
machining tools are burned in filters vessels. 

This application request is for 36 flash burns and 45 liquid burns over the next 12 
months. The New Mexico Hazardous and Radioactive Materials Bureau has 
proposed some changes to the current burning operation. These changes may take 
place over the period requested in the application. A brief description of these 
chait.ges are included in Attachment A. In addition to the application, a detailed 
emissions and impact analysis is enclosed. 

The format of tlLis ;:._ppi:•..:d.tlOn remains the same as other applications submitted to 
y::::..:r c::r::2rLnent in tr1e past. We believe Ll·,~s L:;~·1.~.·,z:._[ p·e;,:ic:..:; all :l·.forc . .:;.t:::.;::-, 
requested in your Jan<i::..:-'/ _16, 1996, letter regarding open-burn permitting. 



Filiberto Dominguez 2 

If you have any questions concerning this permit application for TA-16, please call 
Steve Fong of my staff at 665-5534. 

enclosures 

ccw I enclosures: 
S. Fong, LAAO, MS A316 
D. Stavert, ESH-17, MS J978 
T. Grieggs, ESE-19, MS K498 
L. Maez, ESH-17, MS J978 
C. Fesmire, LAA 0, A316 

Sincerely, 

J<N?[l C \LlfJ ___ / 
Josep~C ~ 
Assistant Area Manager 
Office of Environment and Projects 



TECHNICAL AREA 16 

OPEN BURNING PERMIT APPLICATION 

OWNER: 
U.S. DEPARTMENT OF ENERGY 
LOS ALAMOS AREA OFFICE 
LOS ALAMOS, NEW MEXICO 87544 

OPERATOR: 
University of California 
Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

APRIL I 996 



ATTACHMENT A 

LOS ALAMOS NATIONAL LABORATORY (LANL) 
APPLICATION FOR OPEN-BURNING PERi\1IT 
IN TECHNICAL AREA 16- 387, 388, .A.ND 394 

BURNING UNITS: 

Burning will b€ conducted at two burning units within Technical Area (TA) 16 in 
which high explosive (HE) contaminated materials are burned to completely react 
the HE components. Flash pad burning is conducted at the "flashing" pad (TA-16-
387) and the liquid (oil/solvent) burn is conducted at the burn tray (TA-16-394). 

The New Mexico Hazardous and Radioactive Materials Bureau (:HRMB) has 
suggested some changes to the TA-16 burning grounds in association >vith dean 
closure under the Resource Conservation and Recovery Act (RCRA) of an area 
called the MDAP, which is located adjacent to the·northern boundary of the burn 
grounds. The HRlv1B has requested the closure of the TA-16-387 flash pad as soon as 
the MDAP project is completed to c.void recontamination of that area. During the 
cleanup, HR.!\1B wants the TA-16-387 pad to flash only the MDAP wastes. The 
HRMB has suggested relocation of all non-MDAP flashing activities. The current 
proposal is to move the flashing operation to HE burn pad, TA-16-388. The total 
number of requested burns will remain the same although, some burns will take 
place at the proposed 388 burn pad (see reference map attachment B). 

DATES BURNING REQUESTED: 

The burn dates will be dependent on the amount of accumulated explosives­
contaminated unburnable material and explosives-contaminated liquid \Vaste 
material. It is anticipated that the number of burns mentioned below will be 
reqw~ed to keep HE contaminated wastes from accumulating to dangerous levels. 
Beer:: use s:Jecific dates caDJ1.ot be assigned at tf>.is time, T~ANL v.rill rtGtifv 7'-..TlvfED 24 . ~ ' 

hours in advance of the expected burn dates. 

Flashing Pad 

Approximately 36 burns are expected to occur over the next 12 months to mitigate 
the safety hazards posed by HE contaminated materials. 

Liquid Burn Trav 

Approximately 45 burns are expected to occur over th~· ~:ex~ "1.:2. months to reduce the 
safety hazards posed ·uy high exl-'~osi v<:: (H£,_1 contaminated liquid waste material:;. 



EX.t>..IT LOCATION AND DIRECTION TO SITE: 

The burns v.,rill be conducted within l.AJ.""JL at Technical Area 16, on flash pad 387, 
possibly burn pad 388, and liquid burning tray 394. TA-16-389 is a control shelter 
that provides operational site control for the burn grounds. The sites can be accessed 
by escorted personnel through security station 560, off state road 501. A reference 
map is found in attachment B. 

TYPE Al'\J"D QUA:t'-.TTITY OF MATERIALS TO BE BURNED: 

Flashing Pad 

The burns consist of approximately 800 to 1600 pounds of HE contaminated scrap 
lumber, uncontaminated scrap lumber, or wood pallets (used as kindling wood) 
placed on and around the flash pile. The amount of wood used is determined by the 
type and quantity of material to be flashed. The kindling wood quantity 
determination is made in order to insure that flashing of the HE contamination 
present on the unburnable material is complete. 

Each bum requires approximately five gallons of kerosene and excelsior as starter 
aiding in the ignition of the wood. In addition, when available, 20-50 pounds of HE 
contaminated rags, paper, cardboard, plastics, packing material_ and combustible 
firing site debris are mixed with the wood to aid in ignition and act as a combustion 
source. Rubber products (i.e. gaskets, seals, hoses, etc.) as integral part of the flashed 
material or contaminated with HE is also burned. The amount of unburnable 
material flashed in each burn is approximately one and a half tons and consists 
primarily of concrete, metal, and glass (concrete sumps, drain lines, fixtures, and 
piping, etc.). Each burn is estimated to take 2 hours. 

Liouid Bum Trav 

Tne burns consist of approximately 55 gallons of HE contaminated oil and dilute 
solvents ·poured into the burn trays and ignited. Each burn requires kerosene and 
exce':io::- as the starter fluid aiding in the ignition of the liq,_,id. In addition, up to 
500 pounds of scrap lumber, or wood pallets may be placed under the burn tray to 
completely combust the HE contaminated oil and dilute solvents. The solvents 
include toluene, acetone, alcohol, and other HE contaminated wastes resulting from 
HE analysis .(HE desolution). Used hydraulic fluids drained from explosive 
processing and machining equipment is mixed with the solvents and burned. The 
tot2J percentage of HE in the solvent/ fluids mix is unknmvn. 



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

The current Standard Operating Procedures (SOPs) that will be followed during the 
burns are enclosed (Attachments C and D). The SOPs cover the hazards involved 
and precautions to be taken during the burn setup, the post burn observation period, 
unburnable inspection procedures, receiving and placement for the burns, and 
disposal of the flashed material. The SOPs also describe the ignition method which 
is a remotely operated ignition train made from excelsior and kerosene. These 
SOPs' undergo changes from time to time. 

WHY IS BURNING NECESSARY: 

The burning is necessary to mitigate the hazards associated iNith HE conta.Ininated 
material generated during HE research & development operations and 
decontamination & decommissioning activities. Open fire flashing and liquid 
burning is very effective in eliminating HE contamination of wastes. 

ALTERNATIVES TO BURNING AND REASONS WHY ALTERNATIVES ARE 
NOT FEASIBL~ 

There are two current alternatives to open burning. First the direct burial of HE 
contaminated material is possible. However, it is standard practice to reduce the 
transportation and handling of material resulting from any process associated 'Nith 
high explosives for safety reasons. This practice prevents accidents that might occur 
from the presence of HE residue. While this scenario is unlikely, there is a finite 
probability of its occurrence. 

The second option would be to thermally treat the contaminated material in an 
oven or an incinerator. Due to the size of some of the contaminated objects (large 
filling cabinets, building structures, etc.) an extremely large treatment unit would 
have-to be built. This option is feasible, but the cost of constructing such an enclosed 
structure is not pre1ctical. 

The Laboratory is currently exploring the possible use of propane burners to flash 
unburnable material and aid in the combustion of HE contaminated oil and dilute 
solvents. This .operational change would greatly reduce the air emissions generated 

-from the combustion of wood. 



ATTACHMENT B 

TECHNICAL AREA 16 BUR\T\'G GROUND LOCATION IVL-\.PS 
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ATTACHMENT C 

STANDARD OPER4. TING PROCEDURES- FLASHING A.!'\D DISPOSAL OF 

UNBURJ\ABLE l\JATERIALS 
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ATTACHMENT D 

STAl\DARD OPEP"V\TING PROCEDURES- IGNITION, BUR.J'\:lNG AND FLASHli'\G 
.. 

OF EXrLOSIVES AND EXPLOSIVE-CONTA!\1Ii'\ATED MATERIAL 
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ATTACHIVIENT E 

TECHNICAL APPROACH TO ESTITvlA.TING EMISSIOl\S FROl\1 HE 
CONTAI\1INATED SOLVENT AND OIL BURJ~ING AT TA-16 SOLVENT BURl\ 

TRAYS AND THE AIR QUALITY Il\lPACTS OF THESE Ei\JISSIONS 

Flashing Pad 

Air emissions from flash burning of HE contaminated materials result primarily from the 
combustion ofthe wood used to bring the unbumable material up to a temperature high enough 
to react or combust any HE present. The bums consist of approximately 800 to 1600 pounds of 
HE contaminated scrap lumber, uncontaminated scrap lumber, or wood pallets, approximately 
one-half gallon of kerosene and excelsior, 20-50 pounds of HE contaminated rags, paper, 
cardboard, plastics, packing material, and combustible firing site debris. Each bum is estim2red 
to take 2 hours. Emissions from the flashing operation are estimated using emission factors 
developed by the Environ_;11ental Protection Agency (EPA) 2.11d published in AP-42, 1995, v:hich 

. includes; the combustion of wood in residential fireplaces with no_ emission control devices . 
installed, the burning of municipal waste to account for any plastics or paper present, and the 
burning of distillate oil to account for the kerosene used as a starter aid. (Table 1 ). 

TABLE 1, EMISSION ESTIMATES FOR FLASHING OPERATIONS 

EMISSION 
SOURCE 

CHEMICAL 
EMITTED 

AVERAGE 
YEARLY 

EMISSIONS 
(lb/yr) 

I 
HE Contaminated Equipment Building Material Flashing 

1600 lb wood CO 7275 

NOx 75 

SOx 12 

PM 374 

0.5 gal kerosene CO 0.1 

0.4 
0.04 

NOx 

PM 

50 lb rags, paper, CO 
etc.· 

NOx 

SOx 
Prvl 

co 
NOx 

SOx 
PM 

77 

5 

14 

7351 

31 

12 

389 

HOURLY 
EMISSIONS 

(lb/hr;· 

101 

1 

0.2 
5 

0.001 

0.005 
0.001 

0.1 

0.01 

0.2 
102 

0.2 
5 



Liauid Bum Trav 

In addition to flash burning operations, high explosives (HE) containinated dilme solvents C..i1d 
lubricant oils are burned in a liquid bui-n tray at the TA-16 bum grounds. Approximately 2500 
gallons per year of HE contaminated dilute solvents and lubricant oil are generated during HE 
processing operations at LANL. These solvents and oils are open burned in specialized solvent 
:rays. Forty-five bums per year, each consisting of up to 55 gallons make up the bum tray 
operations. 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, and trace amounts of 
HE. Because of the high combustion temperatures required to sustain burning of these liquids, a 
wood fire is built under the 3 foot tall tray and continually stoked until the HE contaminated 
liquids have been combusted. These bums take approximately 4 hours each and require 
2pproximately 500 pounds of wood as kindling. The burning of pump oil contaminated with HE 
makes-up approximately 10% of the bums. Table 2 also. gives the chemical propenies and 
assumptions required for the emission calculations. Combustion emissions except for NOx were 
estimated from a study performed by A. Tewarson entitled Prediction of Fire Properties of Fuels, 
Factory i'vfutual Research Corporation, 1985 (Enclosure F). NOx emissions were estimated from 
e:;:.ission factors provided in EPA's AP-42, Section 1..3 (F"Jel Oil Combustion). Emissions fror1-: 
solvent burning and oil burning are sho\vn in Table 3. Emissions from \VOod burning \vere ag2.in 
estimated from the combustion ofv . .:ood in residemial fireplaces \\·ith no emission control de\·ices 
installed found in AP-42. 

TABLE 2, CHEMICAL PROPERTIES OF SOLVENTS AND PUMP OIL 

SOLVENT TYPE I MOLECULA.R I 
jWEIGHT {g/mo!e) 

DENSITY I 
·(g/ml) 

NUMBER OF II ASSUMPTIONS USt:D FOR 1'1 

CARBONS • CALCULATIONS 

[pump oiL· 

jmethano! /32 
/la.cetonitrile ------ ~---

1/~"'trc:hydrofuran ~ 112 
/methyl ethyl ketone 172 I 
jbutyl acetate /116 i 
l,::thyl acetate 

I 
/88 I 

! toluene /92 I 
_.,.l,' 

-~ 
I 

I I · lo'"'A 1
1
cyc on,::xc:ne -, 

jiaceion,:: 58 

0.9050/ 

o.7sssj 
0 8388/ 

0.8054/ 

0 8825/ 

0.9003/ 

0.8659/ 
-~~ 0.1 o::;3j 

0.7399[ 

0 r785/ 

5/ --j 

4/ 
6/ 
4/ 

7/ 

experimental data available!, 
--· ----C

2 
linear c:!kanesjl 

0 ~ ~ 

C3-C 6 linear ketones/ 

C5-C 10 acetate[ 

C., c:cetate 

exoerim2ntal data c:r,;ailablei 
' I 

~ 
,_ 

~· . - - => 

3/ experime,-,tal data available/1 



TABLE 3, EMISSION ESTIMATES FROM HE CONTAMINATED SOLVENT AND 
LUBRICANT OIL BURNING 

EMISSION CHEMICAL .. · YEARLY HOURLY 
··SOURCE·. ·EMITTED. •.··. EMISSIONS EMISSIONs• 

. . ... (lb/yr) · (lb/hr) 

HE Contaminated Solvent Burning 

55 Ca!!ons o( Dilute Solvent /CO I 17/ 0.1) 

I Appm,im>t,ly 41 b"m""'"'"Y INOx I 1478/ 9/' 
I Oj Ol ; Each burn l2sts 4 hours SOx 

I 

I /PMa I 2431 2' 
' 

IH£ Contaminated Lubricant Oil Buming I 
55 Gallons of Lubricant Oil 1co I 7/ 0.4/ 

Aoproximately 4 burns annually jNOx I 0/ 0/ 

I 

Eac:J burn las~s 4 hours !sox I Oj ol 
/PM

0 

I 73/ ~ -. 

L4dditional Materials Used to Ac!tiii•e Proper Combustion I 
500 lb o(_ Wood ICO I 28421 161 

0.2
1 

II 

lNOx I 291 

I SOx I 5/ 0.031 

I 146/ 11 PM 

1!0.25 Ca/!ons nf 1\ernsene jCO I 0.06/ 0.0003/ 

J IN Ox I 0.2/ 0.001/ 
' 

II 
/SOx I OJ Oi 

/Piv1 I 0.021' 0.0001! 

i)TOTALS I 
li Solvent Elirtiing jCO I 2574/ 16/ 

II 
/NOx I 1505/ 91 

I 
/SOx I 4.1/ 0.00~1 

- - /PM I 375/ 
I '~ I ~ 

'!_ () 

~ 0.2 /NOx 

)sox 0.5/ 

/PM 88/ 

' .-\ll numbers h::v~ been rounded to ;:,chi~ve th~ k::st number of significant digits. 
b Lub~ic;:.nt oil burni:1g zccounts for <2;:'proxin13:cly !0% ofth~ burT~ tray oper<!.tions. 

Tc,:.·::.rson estim2~-es sooL; for this discussion it is not-:d 2.s Pj\1. 



Air Qua[irv Impacts 

Air quality regulations require that emissions from the burning operation must not impact 
ambient air quality standards set forth by federal statutes and adopted by the State of New 
Mexico. Operations of this type must meet ambient air standards for the criteria pollutants 
carbon monoxide (CO), oxides of nitrogen (NOx), sulfur dioxide (S0 2), and particulate maner 
(PM). 

Air quality impacts of the combustion products CO, NOx, S02, and P[\-f \Vere assessed at the 
:naximu.En impact point detem1ined by the flash buming operations 2.11d at the nearest off-site 
receptor (State Road 4 bordering Bandelier National!vionument) 1 S2S meters to the south fo:­

a:nbient air. Compliance with the standard was evaluated using the SCREEN 3 air emissions 
dispersion model. The SCREEN 3 model has been approved by the EPA as a screening 
procedure for estimating air quality impacts of stationary sources. SCREEN 3 is a conser.·c.;.i\·e 
model \\·hich us;:s \\·orst case meteorological data to determine emissior1 impacts. The SCREEN 
~, model assumes that emissions are from a continuous source or operc.tion. Because open 
buming operatioi1S at TA-16 are intem1i1tent with varying bum times, source tenns supplied to 
t:1e SCREEN 3 model \Vere de:::::-;nined as follo\vs: 

l-hr impacts \Vere estimated using the total emissions from a bum cii\'ided by the number c5f 

hours the bum lasted. 
Sand 24-hr impacts were estimated by taking the 1-hr impact and multiplying it by consi.2.nts 
dev::loped by EPA (i.e. 0. 7 and 0.4 respectively). 

Results of this exercise as \\·ell 2s the parameters used are shO'.\Tl in Tab!:: 4. In addition, th:: heat 
released for the soh·ent oil bum was estimated to be 87030 cal/sec. Th:: heat release for the flash 
bum \Vas estimated to be 335948 cal/sec. 



TABLE 4, AIR QUALITY IMPACTS FROM BURNING OPERATIONS 

CHEMICAL I MODELING 

I 
AMB.IENT AIR QUALITY .I MAXIMUM ·IMPACT 

I ··.POLLUTANT PARAMETERS STANDARD I 498 m 1828 m 
co 0 Stability 8-hour average' 8.7 ppm 0.4 ppm 0.1 ppm 

1-hour average 
1 

13.1 ppm 0.2 ppm 0.6 ppm 

NOx 2.5 m/sec wind 24-hour average ' 0.1 ppm 2E-03 ppm 6E-04 ppm 
s·peed .- .. Annual arithmetic 0.05 ppm 0.002 pp.71 0.0003 ppm 

average 2 

SOx I Ho::>' R-"''"'aS"' 24-hour average ' 

I 
0.1 ppm 2E-04 ppm j 6E-05 ppm .._. ._. \. -....I'- '-'" 

i=lash Burn: Annual arithmetic 0.02 ppm 7t:-os ppi71 [ 2E-05 ppm 

1 

I 262176 cal/sec 
7 

I 
I average-

I li 
Solvent/Oil Burn: 24-hour averaCJe 150 .ug/m~ 1- I ~ 1 5 ~g/m..) 

II PM 
::J !19m I 

9767 4 cal/ sec 7 -day average
3

" 
J w= N/E 11 0 ).lg/m ·-
J Ntc NIC 

II 

30-day average 90 ~tglm ' '-
. ; J 1 ,ug/m 

J Annual geomet(!C mean- 60 uglm 0.2 .ug/m 

I ' 

1 
S-hour and 2..;-hour eva!u:Jtions took the maximum 1-hour impacts from tl::!sh burning and mu!:i:Jiied by the 

factors of 0.7 2.nd 0.4 respectively supplied by EPA for ave~aging time adjustments. 

2 
Annu::! 2rith;-::~tic averzs:e and the annual geometric n1e2.n \verc d~rived b·; sumn1in::::. tinissions fron1 D.ll buiiling - ...... ., ._ 

operations and di\·iciing by 8760 hours. 

3 The 7-d::.y ::\·erc.ge and .30-dJy average \vcrc not evzlluJrcd. 

i',UE- No Evc:iuacion Performed. 

J 



ATTACHIVIENT F 

REFEREi\'CE PAPER B\' A. TEWARSOi\', "PREDICTION OF FIRE PROPERTIES OF 

FUELS' 
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l. liH~ODUCT IOii 

?ire properties are defined as the para~eters ~hich characterize the 

co~buscion and pyrolysis behavior of fuels in ~ires 1 In conjunction ~ith 

fire ~odels, fire properties are used to assess hazards presented by various 

types of fires and protection needs. A funda~ental understending of diffusio~ 

fla~es has al~ays ~een found to be very useful in the prediction of fires. In 

this pape:-, an at :e:::pc has thus bee01 c:ade co use the uOJderscc.nding of the soo:: 

fo:.-:::acion in diffusion fla:=es to de·.-elop relacio:1ships for che prediccion of 

fi:-e p::-ope::-ties. 

1'he sooc for-22:.ion in diffusion fla::]es has beeil of gre2~ inreres:: becaus~ 

of the relationship ~ith fla~e radiatio:1 and hea: t:-ansfer, co~bustion effi-

ciency, and e:=ission of particulates and othe::- che~ical co:::pounds so:::e of 

~hich ~ay be toxic and corrosive in natu:-e. 

Ill chis s:t;dy) · ... ~e have used the concep:: oE che s::o~:e ;x>il'.t heigh:, l 
~s' 

~hich has been used by ~any investigators to descri~ the sooting tendency of 

fue.l.s. 1
5 

is a~:in~d as the heighc of a~ overvencil2:ed diffusion flc~e ac 

~hich sooc just begins to he released at the fla;::e tiJ. The s:::aller the value 

tendency to soot:. Ex~ensive fo~ L are s . availahle 

~any investigators find 

that 's depe~ds on rhe nat:u:-e of che~ical bonds and £la~e turbulence. It has 

bee;~ sho'--'":'. that L
5 

is related to fla:3e te~pe-::-at:u::-e (£~a::;e co:wec:ion) 0 and to 

lr. l 
~s 

co de~elop predictions for fo:-

:-:~::es~c.:-y :o perfor-;:J in 

si~~l:a~eous ::J22su:-e::::::1:s \.:e:-e r:..ade 

sCructu::-es and L values. 
s 

fo::- L and s 

In add i-

tion :o gaseous and liquid fuels, solid fuels ~ere us~d in the experi:=en:s. 



The radiative component of the combustion eff!c!ency, v is defi<Jed as "·?..) 

v - v - X 
"'R "·"· c . 

(7) 

3. EXPERitE.tES 

ExperLuents :..>ere pe:-fo:-wed in our appa:a:us, s::o:..-n in ?ig. 110 . ?or 

ge.seous sa::Jples, a burner tube very similar to one in ?.ef. 9 ·.:as used. ?o:-

liquid and solid sawples, a 250 ol ?yrex Erle:;rneye: ::'"lask. ·.:i:n a Jl.;/35 ground 

glass joint ~as used. Tne ground glass joint :..oas attached co a 0.12-2 long 

Pyrex glass cube uith an internal diameter o::'" 0.009 rn co re~uce the e::'"fects of 

temperature on L values. 
s Exce:-nal heat flux uas useri fo:- solid anrl lou vapor 

pressure liquids; f~r high vapor pressure liquids, a heating ~antle place~ 

around the flask uas used. Tne :-ate of gener-2:io71 of :h~ fe~l vapo:-s 2~d 

fla::-:o heig;1: :.:ere varied by va:-ying either- :he external hec:c :"'lux or :ne 

heating r-ate o:"' the cantle. 

L
5 

value uas ::Jeasured visually and for :he rneasure::Jen: o~ fire proper-

ties, all the co::bus:ion products uere captured alo:;g uith air in the sampling 

In the duct, r--2asurerne<1ts uere ~de :or the gas te2-

pera:u:-e, ::ass frac::ions of co 2 , CO, total gc:s-:::ous h;ccoca:-bo::s (C:·-1), soot 

H-:::asu:-e~-:::nts ve:-e also =ade fo:- optical c:-ans::Jission 

6 00 c' but data have not been discussed i7l this The gene:-ation 

:;:-ate of fl!el vapo:-s ~"2s :::::asc:-ed by a load cell asse::':ll;. 

In ~he experi2enrs, dc::a ~ere recotded by a co~o~:e:- at a ti~e !n:e~~al 

of abou: one second. Da:a ~e:-e avecaged by the co~ou:er at ::he steady s::ate, 

le.sti:-:g fo:- abouc 10 12inuces. ::a ch experi;nent ·.:as per: o:-:::ed a::: least :::·.:ice 

and :he da:a ~ere ave:-a~ed. 

ca:a ls abou: ~2:. 

-'-c:.:.. .. flo._· condicio11S and 

th~s :-evresenc overven:ilated :ire conditions. 



The relationship bet~een reo and Ls is sa~e as he:~een ~A and L5 as 
2 

expected from Eq. (5) for overventilated fires. 

Predictions of Fire Properties of Fuels 

If it is assu::;ed that the relationships given in Eqs. (3) to (lJ) are of 

general applicability, then it is possible to use t. he. 1 
~s 

val·.>.!S fro:-J :he 

literature to predict xi and rj values for Tilany fuels. Tn~ ~iceraLu:e valu~s 

for however, cannot be used directly beca•..:se of variations due co dif-

fere;:ces in the experimental conditions used by various investigators. ll The 

follo~ing approach was thus taken in ch{s study: l) relatio:;s':!ips be :-_·e en L_ 
" 

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

established separately for each investigator; 2) these rel~:ionships ~ere then 

used to recalculate all other L values separately for each investigator; and 

J) for fuels which were used by several investigators, :he recalculated values 

The recalculaced values of L
5 

·-·ere the:: :..:sed in Eqs. (S) 

to (13) to '. . prea1cc -;:;-;2 Xi r. · ... · 2.l ue.s. 
J 

of v. 
"l and f j 

are listed in Table II. The detailed tabulacion of the C.at2 is 'given in 

Ref .. 12. Values of Lothers in the table are calculated fro= ~he ato~ balance, 

i.e. 'others l - [f j . 

S. DISCUSSION 

Cornoarison Ber~een the Predicted and Measured Val~es o~ Fire ?rooertiis 

Table II! liscs the exp~rirnental and predicaced da:a for so=e selecced 

bec~ee~ the predicted and Also our predic:ions for 

chose. of ?2.gni 1 s 15 'uc.sed Oll e:~ci:-ely diff2::---=:-.: ;:-"C"::...tci?les, c:-e ~..:ery si.:"Jilar, 

_. ..... ,-. ~·· ..... - - -- .. --- .~· ,_ 

older £5 valu:2 of 0. l3 for 

so::;:=.,_. :--t 2 c ~ i g he:- .. 

17 
polysty:-eTle · , 151 appears :o 

/ 

/ 



~7lc soo·:, :.~ chac order. Oucadle:~e, :.:~tich is ac ~he cop ~;i.::lin r.he 2liphc:ic 

fuels group, is expected to follou che above aro~acic group of coDpounds. 

Relacionshio Betueen the Generation Efficiencies of CO and CO, 

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

the burning efficiency of fuels. For fuels burning under overventilated 

condicions, cite ra:io ·..;ill va"ly \.:icn tne che:Cical structure of the fuels. For 

fuels uich fixed che~ical structure, the ra:io uill vary ui:h ventilation. 

co::dicions, the relationship betueen reo and ·co2 can be pr-::Gicted 

Eqs. (10) and (ll). Tn e ~ r e dJ. c c e d r e la c i on s i:i p is s r. o ·-"- by c. he sol i d line i :1 

?ig. 3. Experi8ental data obtained under variable ventilation conditions for 

·..:ood c:-ibs, ::epcane, and ?:-?,_A fro-::1 ?,ef. (!8) to (20) ha'.•e also been included 

l 
..), 

E i :-2 s o::ly. 

Data for enclosu:-e fires o: uood cribs uith va:-iable ventilation 

.Eo r si2ila:- 'co 2 
valu~s, and 

thac 

r~s:::ic::e.d ::o the flc:-::ing 

as Ce:::::re.2ses, en 

uhich is about 0. !2 ro:- uood, uhich is a char forGing fuel, 

2 :-12 2 h o l! c 0 . 0 .3 Eo:- he p r a 11 e 2 11 d ? ~[ ......... .:.. , .._. :1 i c h 2 - ~ non- c h a:- f o ~ i :~ g fuel s . 

The :-esulcs i-:o. :-1g .. 3 indicate ch2c, up l.o th~ 2SJ-:J.pco~ic lir:Jit of .l..CO' 

for L ::e 

co~bustion of fuels uich: 1) fixed che~ical scruccure and variable ventila-

:ion; and 2) variable che~ical St"lucrure ~ith overventilation. It ~2y be 

?OSsible :o Cefine 

fuels based on :heir che~ical structure. 

~ecause of :he~r che~ical s:ruc:ures. 



?roii1 :::qs. (J), (4), a:~d (14), 

·~·here - iS '"'j 

f 
v 

k./[ 
J 

0 

c 
p 

dT + H ] ) ( q ·~ 
v rs 

q~_) ( l 6) 

(kg/o\l. In C:qs. (14), (15), and (16), Hv is defined as heat of 

gasification of the 
0 

H values --D kno·m f~oo the literature 1 _-: - ~ .....:._:___.::' --''-"-==--=c..:-=-.....::~-= ---

values __ c_a_n_·..:._D:_e _ _:_c_:_a...:l.:....:.c...:u..:l...:c...:-...:=...:e...:d::.._.::f.:.r:....o::..:.:m~l::.::....n.:::e_e=l-'e'-'-7"'-'-.. D"'"_'""n~t~a~l-c"-=-c-=:JoP,~o-'s'-l'-'-. ..:.::....i:....o:....n __ o_f __ t_:-._.e_:' u e l . 

-l " 21 
2 71u t1 v_ or can be :Jeasured. 1-.'ithin a generic group of fuels, Lc 

0 

wich the ooleculcr ~eight of rhe fuel, p~isarily due ~o inc:-~ase 

cau be estir:a:ed for fuels 

L for ?:: is g 
17~0 '·'/'..-al7 
- -' ,._, "'6 ' 

of 

and 

r:olecular ~eigh:. The 

the relacionshiD b-e t·t, .. :reen L_ and 
0 

i:-:::~ecses 

• ·; l and 

vclue of 

-:Jole:-

ular ·_:eigh::. o: alkenes, ic C27: be es::.ir:aced thac c.he 2oleculz:- ~·eigh: of th2 

oligo~er produced by the vaporization of PE is about 0.60! kg/Dole, ~~ich is 

reasonably close to a value of 0.692 kg/rnole reporte~ for tne r:Jolecular ~eigh: 

of the ?~ oligor:Jer in pyrolysis 22. In a sioilar fashion, :he r:Jolecular ~eigh: 

of ?? oligo~er is esci~aced co be 0.720 kg/mole. 

?ro~ c::e vzlues the data fror:J Table II, rates 

can be calculated for ~he fuel vapors and the co8bus:ion products for defined 

for at c. he ' J • ·..:nJ..cn 

is app:oxi~ately constant for fuels ~!th variable colecular ~eight ~it~in a 

· gene:-ic. g~Oup of fuels. \..iit:hin che cliphaLic fuels g:-oup, t:he 25)--=::p:o:ic 

is [O !; l '·''I 2 :"~':""! w ' uith a variation of ± 15! (as de~iv-

::n . ..f'\.1 t 
~ • l< L-\ , ;Jolye.:hylene, a:~d poly-

prooyle'lel, lO, >5. 171 

: .-. -~ ~ : ~ s n ion f o ::- ;::_J.. k .. 2 ~ e s 2;:. ri 2.l \-: e ~ ~ s , 2 s ex c.~::? l e s ) a r- ::> s ~ o ·--:1 in :: i g s . 5 an ri A , 

:- e s p -e :: :: i \' e l y . 

~~~~~ssi:::::_n __ :-_2:.~~--dec:-ease ·-·.:.cil inc::-e2s2 in :::~e !.lolec::·..1.:l.2.r ~-~~g-~:: of:::~ fuel. ----------



'-j 

G­r 

specific heat (kJ/kg K) 

eaission c-ace per unit fuel surface area (kgh/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) 

k. 
J 

L 
g 

Q •. -
. :s 

heat of vaporization (kJ/kg) 

"'-2Xir:cuCJ possible total (t·il~oreciczl) of co::pot..:nd j or scoichio::e: 

cass oxygen to fuel ratio (kg/kg) 

heat of gasification of ~he fuel (kJ/kg) 

srnoke point height (o) 

total 22-SS flo._, r-ate of co::oustion proc,..:c:-air d:•::ur-e n:g/s) 

actual heat release rate (k~) 

total (cheoretical) heat release rate c:· .. n 
=l ·n ·- c -· - - . - l ('····,' 2.) '--a~e eaL o Lne surrace o: tne zue_ ~".o 

qrr st..:rface heat loss due to reradiation (k~/o 2 ) 

6T 

v 
"-C 

j 

gas ~ecperatur-e above arno!enc (K) 

cass fracc!on. of compound j (kg/kg) 

yield of cornpocnd j (kg/kg) 

coobus:ion efficiency (-) 

convec:!ve cor:c~onent oE co::buscion efficiency 
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Fuel 

Me~h2nol 

t:c:h2~ol 

Ac:eton~ 

?enta:~e 

Isopropanol 

~~x2ne 

~~ y l on 

=:c:hyle:~e 

~~p:c::-2 

::>vv• 
~ ' ;_ --.. 

Cyclo::exane 

Isooccane 

?cly;::ropyle<1c. 

?olye.chyle7te 

?:ropylene 

?olys::y:-t=i!-2 

Tolu-eile 

L 
(CJ) 

" " 
0. 22 5 

0. 205 

0. 15 5 

0. l L 3 

0. 125 

0. 120 

o. 106 

0. l] 0 

0. 105 

0.085 

0.030 

0.050 

0.0.!;5 

0.029 

0.015 

0.005 

TABLE: I 

Experi~e~ca! Daca for s~oke ?o!n: Heighc and 

Selecced ?ire ?ropercies of ?uels 

fco .: -s 

0.97 0.83 0. 14 0.97 0.001 O.DO! 
,. 
·' 

0.97 0. 7!:. 0.23 0.97 0.001 o. 0£)] 0.021 

0.96 0. 73 0.23 o. 96 0.001 0. OJl 0.0'22 

0.94 0.65 0.29 0 Q!. 0.002 0.00! ,. . ' ~ " 

0 94 C.65 0.29 0.9!; 0.002 0.001 " ,, 

0.93 0.63 0.30 0.93 0.004 0.002 ,. 
:\ 

0.90 0.58 0.32 0.90 0.004 0.002 0.030 

0. 91 0. 61 0.30 0. 9! O.OOJ O.OJ2 0.032 

0.93 0.61 0.32 0 Ql . ' .) 0.004 0. 0'03 0.0)2 

0.95 0.63 0.32 0.95 0.006 0.001 0.027 

0.91 0.56 0.35 0. 9l 0.005 o.oo: " " 

0. 91 0.60 0.31 0.91 0.007 0.003 " ,, 

0.89 0.52 ().37 0 CQ . v' 0.015 0.003 0.050 

0.87 ·0.50 0.37 0.36 0.013 0.002 o.oso 

0.8! o. 41 0. 40 0. Sl 0. 011 0.006 o.c6e: 

0.65 0.26 0. 40 0.65 0. 027 0. 023 0. l Ol 

0.63 0. 23 0. 40 0.63 0.030 0.023 0. 190 



-

Fuel 

Buty:-2.te 

Laurace,ox2lace, 
~alo~ace,lactcc~ 

C-~-(.i SL:rucc.ur-e 
.~~~i ne.s 

C-::-s S:::ruccure 
i-1ercap:::2.r.s and 
Sulfides 

C .. S:ruci:ur-e 
}.:-enes 

:.:;--~;__,\ ~:~ :~'(__,·: ~ 0/'-';'/t" . .C\.~ ·:. 

..:C-i--:-0 Struccure 
Alco.hols. 

·_!,'i. 

t-... etones 

_,;,_ldehydes 

C:sters 

:-lece:-ocylics 

:--:e~ca?La::s 2nd 

Sulfides 

N: no: pre~icce~ 

-

C 2.to:ns 

5 c 0 6 
7 ::o 3 

I ~ Q 1.:; 

6 :0 l 2 

o co l?. 

10 co 12 

9 :0 12 
---:::- ~ (_;----{ 

7 :o 8 

l l 

7 

s 

(concinued) 

0.97 0.72 
0.93 0.63 

0.97 0.71 

0.25 
0.30 

0.26 

0.90 0.57 0.33 

0.90 0.57 0.3] 

0. 71 0.30 0.61 

0.76 0.36 0.60 

0.68 0.27 O.L:l 

0.7l O.JO 0.41 

0.76 O.JS 0.40 

0.75 0.35 O.L:O 

0. 76 0.36 0.40 

0.73 0.32 0.61 

0.67 0.26 0.'.;\ 

0.97 
U"\ Q' . -) 

0.97 

o. 90 

0.90 

0. 70 

0.75 

0.63 

0. 7l 

0. 76 

0.75 

0.76 

o. 73 

O.c,7 

fco 
xlOO 

0.20 
0.31 

o. 22 

0.43 

0. L;J 

3.30 

l 96 

5.20 

].49 

2.01 

I 7' - .• 0 

l 96 

3.00 

6. l s 

xlOO 

0. ll 
0. 15 

0. l l 

0.26 
0.30 

0. 24 

0.21 0.36 

0.2l 0.36 

l 58 ..! 32 

0.85 0.39 

2. l J i 59 

l . L: 6 l 2 5 

0.37 0.90 

0.97 0.97 

0.85 0.39 

I 7 ' . _o 

I .., • 
• I 0 

x!O 

0.0~ 

0.35 

0.03 

0. 5 i3 

0 .. )~· 

1 -1 c 

l 21 

\ I I 

l ' ) 

o.s:; 



?ig~ Flas~ability apparatus 

Fig. 2 Co~bustion efficiency and ics convective and radiative co~po-

nents as func~ions of smoke poin: height 

Fig. J Relationship bet~een the generation efficiencies of CO and 

Solid line represents our predictions for fuels ~ich 

variable che~ical structures. 

necc~d by dashed lines are ror variable ventilation co~~itions: 

0, enclosure £ir-es of ·wood c:-ibs, ?:ef. lS; •, r.~pc2~e, 

Ref. 19; •, ;..;ood cribs, ?..ef. 18; 20. 

Fig. 4 Relationship bet~een che generation efficiencies of soc: anc 

CO. Solid line represents our predictions for fuels ~i:h vari-

able che~ical structures. 

ccridicions, R~f .. 20. 

Fig. 5 C:stic::ated e;::ission r2.tes or ~lea:, CO, and soot as runcc:.ons of 

the rnolecular ~eight of alkanes for overventilaced fires. 

~s::'_·-;~,:c,--; er..:...:..:..>-'..Lv:l L2.Le~ o.t i122C, CO, 2nd sao: 2s func::::ions of 

rn6lecular ~eight of 2.lkenes !or overventilace~ fires. 

s;;-;:,bols repcese0t experirnental da::.a for polyethylene 2:~::: 

oolypropylene. 
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2. UNIT OF 
MEASJJRE 

(emvr code) 

C. PROCESS 
TOTAL 

NUMBER 
OFUNrTS 

E o o 

G 0 0 

D. DESCRIPTION OF PROCESS 

J 0 0 2 See Attachment l to this ?art A. 

-:.: 



:::XPLANA'(i0N OF PROCESS CODE USTINGS 
AND DESIGN CAPACITIES FOR HAZARDOUS AND MIXED WASTE UNITS8 

Description 

Line 1 S01 Container Storaoec 
Container storage area 

Line 2 T04 Treatment- Ooeo Burnino 
Flash Pads 337d and 388 
(two flash pads for burning potentially high 
explosives [H E)-contaminated 
equipmentlmaterials) 

Line 3 104 Treatment- Open Burn inc 
Burn Pads 388t and 399 
(two burn pads for burning HE solids) 

Woe 4 104 Treatment- Open Burnino 
Burn Tray 388 

Capacity 

275 gallons 

40,000 pounds9 

(of waste per bum) 
at each un~ 

1,000 pounds 
(of waste per bum) 

at each un~ 

100 gallons 
(c~e Wiil tray for burning HE-contaminated oiV (oi waste per bum) 
sotvent mixtures) 

Burn Tray 394 

(one burn tray for burning HE-contaminated 
oiVsotvent mixtures) 

Line 5 104 Treatment- Open Burnino 
Filter Vessels 401 and 406 
(two fiher vessels for burning HE-contaminated 
siudaes} 

E.xplaoatioo of Svmbols!Abbrevjations 

250 gallons 
(of waste per bum) 

1,000 pounds 
(of waste per bum) 

at each unit 

16-012(a2) 

16-010(b) 

16-010(c) 
16-010(d) 

Associated Str 
NoJArea 

Technical Area 1 
Buik:Jing 88 (T A-

TA-16-387 
TA-16-388 

T A-16-388 
TA-16-399 

To be determined TA-16-388 

16-01 OUJ 

16-010(e) 
16-01 O(f) 

TA-16-394 

TA-16-401 
TA-16-406 

0 EP . ..:.. r-:3zc.=--cJ.ous Waste Numbers for wastes that may be managed at the units are listed in the foilowing labie 

b SWM U = so/j,d waste management unit. 
c "Line 1 S01 Container Storage" refers to the total amount of container storage for hazardous and mixed was 

Technical Area (I A) 16, provided in Section XII, page 4 of 7, of this Part A perm~ application. For informatio 
kx:ations and capacities of other container storage areas for hazardous and mixed waste at Los Alamos Nati 
Laooratory (LANL), refer to Section 1.0 (i.e., the Part A Permit Application} of Revision 4.1 of LANL's p, 
Pemn~ Application for Hazardous Waste, November 1988 arx:J to LANL's "RCRA Part A Permrt Applicatior 

1-.~ixed Waste," Rev. 2.0, September 1994. 
j Flash Pad 387 will be used to treat wastes from 1-.~aterial Disposal Area (MDA} P only and will undergo cia: 

following closure activities at M DA P and approval of Flash Pad 388 09er;:;i;uii~ 
9 This amount is ths estimated maximum weight of equipment or struCtures (~,fth HE suriace contamination c 

tha1 may o-e burneci at a nasn pad at one trme. 

T A-16 Replacement Pages 
Revision 2.1 

1-1 April 1 5, 1 



AND DESIGN CAPACITIES FOR HAZARDOUS AND MIXED WASTE UNITSa 
(Continued) 

LANL plans to convert Bum Pad 388 to a fiash pad/bum tray area. Upon conversion, wastes formerly treat 
Flash Pad 387 (other than M DA P wastes) and Bum Tray 394 will be treated at TA-16-388. Burn Tray 39-
undergo closure after operations there are relocated to Burn Tray 388 and Bum Tray 388 is approved for :.Jse 

TA-16 Replacement Pages 1-2 ,;\Dril 1 5. 
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Ooscrlpllonu of Hazurdouu Wusto Troutod by Opon IJurnlng ul Lo!l Alamos Nnllonul Lnbornlory 

Tochnlcul Arens 
Waslo-Gonoratlno {TA) Whero Waslo 

Procoss Doscrlplion Is Gonerutod IJnsls for 
,~scriQlion Clw racl erlzal ion -·v,'astc G 

Hot~onooua Wosto6 
Solvont!liE- HE procosslng, Jlusllc TA-9, TA-11, P rocoss knowlodqo 
conlurnlnolod woslo, forming, nnd lrc"l TA-1G,TA-22, TA-37, 
may lncJudo papor, gonornlloborotory use and TA-40 
vlusswuro, tools, und 
olhor wuslo 
conlnllllnotod willl 
salvor: s 

-~=:-co~llnmlnnlod) HE procosslnv TA-9, TA-11, TA-1G, Procos> knowlodgo 
oqulpn wnl .-- T A-22, and T A-40 

------
H E~conlorninalod HE procosslng, (o.g., TA-1 G, TA-9, TA-22, Procos~; knowlodgo 
wusto ·ags und wipus hydraulic pruss uncJ T A-•10 

oporutlons, lubcrolory 
unulysls. or othur 
rnlscollnnoous usos) 

----
HE-conl!Fnlnolod liquid Maloriols usod •. s TA-9 Procos~; knowlocJgo 
ncids, )a~cos, und/or lilrv.tos, solvont·; ond 
lnorgurtlC r-alls clo aning llulds ,, •d 

moloriollrom hy:1rolysls 
rosoorch 

------ --

n U.S. EnvlronrnDnlul Proloclion Avoncy. 

Potontlul 
EPA• 

Hazardous 
Was to 

Numbers 

0003 
FOOt 

F003 

I 

(~o-oo3) 
---- ---

0001 
0003 
FOOl 
F002 
F003 
0022 
U044 

U003 
--

0002 
0003 
0005 
0007 

0009 

Polo nllul 
Hazardous 

Constlluonts and/or 
Characteristics In 

tho Wasto 

Rooclivily 
Froon, 

T richlorolluoroolhono 
Acotono 

---~ c· Roocllvlly _) 
----··-- ---· -· ----
lgnilabilily 
noacllvlly 

1,1, 1-Trlchloroolhano 
1,1, 1-Trlchloroolhuno 

Acolono 
Chlorolorrn 
Chloroform 

Acolonllrllo 

Corrosivity 
Rooclivity 

Ourlurn 
Cl1rornlurn 

M orcury 

NAC 

NN 

NAC 

NAC 

NAC 
NAC 
NN' 
NAC 
NAC 
G.O 
NAC 

NA" 
NAC 
NAC 

1 0\).0 
5.0 

0.2 

b A sc 1;::J wuslo oxhlblls tho cllnructorlstic of toxicity II lho oxtract from n roprosonlul.vo sornpio ol tilo wasto cont..-.Jns any of tho conlaminanls lislod nl n 
conconlration oqunl to or gronlor lhnn tho rospocllvo vnluo givon In lllo Now Moxico Adrninlstrativo Coclo, Tillo 20, Cfwptor 4, Pnrt 1 (20 NMAC '1.1 ). 

Subr •<-HI II, 2G 1, Subpart D. 
c Nut opplicablo: rotors to tho obsonco of .,,gululory limits lor iunilablo, corroslvo, rouclivo wuslos, and F-, 1<-, nnd U-lislod waslos. 

---

,• 

fl<)l()f to lcottlOIU~ ;11 Utlcl ul t;ti)IU. J TA-l G flopl;tcornurll f);too:; 

llevi~;ion ~~- 1 
Anril 1 :; 1 qqr; 

.,t· 



Table 1. 
Open Burning Air Pollutant Emissions Before 

and After the Conversion of the TA-16 Burning Pads to Propane 

co 202 

2 

0 

voc 183 

PM 26 

co 0.04 

0.2 

0 

voc 0.006 

PM 0.008 

*Section 1.9- Residential Fireplaces, 5th Ed., AP-42, 1600 lbs. wood waste 
** Section 1.9 - Liquified Petroleum Gas Combustion, 5th Ed., AP-42, 13 gallons 

propane. 
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Figure 2 

Schematic Drawing of and Proposed Modifications to the TA-16-387 Flash Pad 
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PHOPOSED PROPANE 

BURNER INSTALLATION 
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