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LA.NLSWEIS 

G.l.l Human Health Effects of 
Exposure to Hazardous 
Chemicals 

Human health effects resulting from exposure to 
hazardous chemicals vary according- to the 
specific chemical Of interest and the exposure 
route and concentration. The most immediate 
risks to human health from exposure to 
chemicals in the environment arise from . 
airborne releases of toxic gases. and it is this 
route of exposure. upc)n ~ch the accident 
anatysis for the swms is focuse4. (The effects 
of toxiC chemicals are discussed in section D-1 
of appendix D~ Human Health.) In this analysis, 
exposures to toxic chemicals ate compared to 

. · -Einergency Response. Planning Guidelines 
(ERPGs). ERPGs are community exposure 
guidelines derived by groups of experts · in 
industrial hygiene. toxicology. and medicine_ 
BR.PGs are then published by the American 
Industrial Hygiene Association (AIHA) after 
review and approval by their ERPG Committee. 
ERPGs are defined as follows (AIHA 1~91): 

• ERPG-1 is the maximum airborne 
concentration below which it is believed 
Jhat nearly au jndividuals. could be exposed 
for up to one hour without experiencing 
other than mild, transient adverse health 
effects or pereeNing a clearly defined · · 
objectionable odor. 

• ERPG-2 is the maximum ailbome 
cOnceritt&tion bet ow .which it is believed 
that nearly all individUals could be exposed 
for up to one hour without experiencing or 
developins irreversible or other serious 
health effects or sympioms that could 
impair their abilities to Wee protective 
action. 

• BRPG-3 is the maximum airborne · 
concelitration below which it is believed 
that nearly all individuals could be exposed . 
for up to one hour· without O>q)Oriencing or 
developing life-threatening health effects_ 

G-10 

.. 

Human responses to chemical exposure do not 
occur at precise exp~sure levels. but rather, 
extend over a wide range bf concentrations. The 
values derived for ERPGs do not protect 
everyone. but are applicable to most individuals 
in the general population. Furthermore. the 
BRPG values are planning guidelines, no~ 
exposure guidelines. They do not contain the 
safety factors nonnally associated with 
exposure guidelines (AIHA 1991). 

In developing an ERPG. emphasis is given to 
the use of acute or short-term exposure data. · 
Human experience data are . emphasiZ«t; but 
~ually only ani~· exposure data are ~vailable. 
When it is believed that adverse reproductive, 
developmental, or carcinogenic effects might be 
caused by a single acute exposure, the data are 
-considered in the ERPG derivation. 

Unless one is provided info:nnation to the 
contrary by toxicologists, it is necessary to 
regard ERPGs as ceiling concentrations (i.e .• the 
_highest concentration acceptable for the time 
.period). As such. the ERPG would be treated as 
. an ~osure that shoulct .not.be exceeded ~thin 
1 hour. Any extrapolation from the ERPG is not 
to be made without·&igniticant considerations; , 
specifically, t.o make such an adjustment,. the 
ERPG documentation for each chemical must 
be reviewed fully by toxicologists. The effects 

· of eXposure times loriger than 1 hour may not be 
limited to those associated with the ERPG. 

. . 

· In addition to BltPGs. this analysis incoqHxated 
the temporary emergency exposure limits 
(TBBI..s) developed by the DOE Emergency 
Management . Advisory . Committee, 
Subcommittee of Consequence Analysis and 
Protective Actions (SCAP A). Published BRPG ·· 
values were available for only 69 chemicals. 
TEBL values are interim. tempowy,.orERPG­
equivalent exposure limits provided for an 
additional 297 chemicals. Jn the · absence of 
ER.PG or TEEL values, the hierarchy deveioped 
by SCAP A and published in the AlliA Journal 
was utilized (Craig et al. 1995). 
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ERPG-1 defines a level that does not pose a 
health risk to the community but that may be 
noticeable due to slight odor or mild irritation. 
Above ERPG-2, for some members of the 
community there may be significant adverse 
health effects or symptoms that could impair an 
individual~s ability to take protective actions. 
These symptoms mi~t .include severe eye or 
respiratory initation or muscular weakness. 
Above ERPG-3 there may be life-threatening 
effects and, at sufficiently high concentrations 
and exposure times that vary with the chemical. 
there could be death. The length of an· 
individual's exposure to hiP, concentrations 

. will depend upon that individUal's situation and . 
response (that is, by his/her ~gl)ition of ~e 
thr~t and i~ location, attaining shelter, and 
escaping). Later in this anaJysis, consequences 
are presented as the number of people expoSed 

· to ·'concentration greater than the. ERPG-2 and 
ERPG-3 guidelines~ but · there are too many · 
uncertainties to speculate as to the speeific 
effects that would riccur.to those.people. 

G.2.3 Chemical 
Accidents-ALOHA ™ Code 

The Are&l Locations ofHazardous Atmospheres 
(ALOHA nt) code developed by EPA, . the 
National Oceanographic and Atmospheric 
Administration (NOAA), and · the National 
S8fety Council (NSC). was Used for the analysis 

. of chemical releases. It is listed by DOE · 
(DOE 1994c) and EPA (EPA 1996) as an 
acceptable· code for air dispersion inodeting. · 

The ALOHA TM code is designed. to be used for 
~qency responders in the case Qf chemical 
accidents. The code predicts the rate at which 

· ·chemical. VapQnl may escape w· the atmosphc(e 
from b.roken gas pipes, leaking ~ and 
evaporating pl!ddlea and . predicti how the 
resulting hazardous gas · cl®d disperses 
horizontally and vertically into the atmosphere 
f~llowing release (NSC 1995). 
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Accident Analy.ti.t 

Especially near the solirce of a release, short­
tenn gas concentrations depart markedly from 
average values in.response to random turbulent 
eddies and are wipredictable. As the cloud 
moves downwind, concentrations within the. 
cloud become more similar to ALOHA nc 
calculations. ALOHA TN shows concentrations 
that represent averages· for time periOds of 
several minutes and · predicts that average 
concentra1ians will be highest near the release 

. point and along the center line of the release 
cloud (this is typical Gaussian plume modeling). 
The concentration is modeled as dropping off 
smoothly ~ gradually. in the downwind and 
crosswind directions . 

ALOHA1M models neutrally buoyant gases with 
a Gaussian plume m~el. Airborn~ particulates 
are assumed to be passive; that is, they behave 
as·nonbuoyant gases .. Heavy gases are modeled 
using a variation of the DEGADIS heavy gas 
model. Some simplifications were 
implemented into .ALOHA-DEGADIS to speed 
computational procedures and reduce the 
requirement for. input data that w~d be . 
difficult to obtain dUring an accidental release. 
These sirnpli~cations includ~ the assumptions 
that:· (1) all heavy gas releases originate close to .. 
ground level; (2) mathematical approximations . . 
are · faster but less accurate than those in 
DEGADIS; and {3) modeling sourus for which 
the release rate changea over ume as a series of. 
short. steady releases rather than a number of 
individual point source puffs. The ·authors 
worked closely to ensQre a faithful . 
representation of DBG.ADIS model dynamics; 
. and the resulting ALOHA-DBGADIS model 
was :· checked to en~ that only. minor . 
differences existed in results. · 

Although ALOHA n~ models the dispersion of 
heavy gases, the model assumes that t4e terrain 
·is flat Thus, if canyons are 1~ between ~e 
release point and a potential receptor, 
ALOHA TM models the scenario as though the 
canybn were not present This is a conservative 
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population dose, resulting in about 99 additional 
. excess LCFs. The MEl doses would increase by 
133.9 rem at.~ Los Alamos townsite and 
99.3 rem at the Rcl"yal Crest Trailer Park. 

G.5.4.4 SJTE-04, Site- 'Wide Wildfire 
. Consuming Combu~tible 
Structure$ and Vegetation 

LCFs_ Projected doses and associated health 
effects primarily result from·. the ~postulated 
releases associated with TA-5~ (accounting 
for almost 82 percent of the total) and TA-3-29 
(accounting for an additional 14 percent of the 
total). No fatalities from acute ·radiation 
exposur~ · are. · predi~ to· result ·from ·:the 
earthqaake event. The bounding dose':'at the 
MEl ·location 'iifthe Royal Crest Trailer··Park is 
approximately ·247 rem. The·. LANL seismic 
ev~nt exposures '··are· almost- ·exclusively from .General Scenario D~sc.ription 
inluilati.on: ·.:of .. · plutoniuril;·~>':f-or which: .. , the · ·. ·. · . . : ·. . ,.: ..... : ,.. . . . . . •.. 
exposW-es are more pt6tta.cted .: imd• the ;acute Th~ L~ stte and ~ounding vi~ll;1ty are 
effects ~ correspondingly ~uced or absent. .. generally f~· areu ;wit!) blgh . .filello~ .. 

· · ·, . Wildfires ~ frequent· ocei.U-renees. 011- neatby 
· Th~ ·· ~hemi~ ::· re)~~) ;:·~~s~uence~ ··for .· U.S .. F~st SerVice lant!, with ob)tious ix>tentiai 
SJ.TE-()3 · are the s~e. as :·those for SITE.:.{)2 · .far .. encraaching · on .. the lANL' ... site~ as 

-:(sectionG.s:-4.2)}~.\'·).:·,.<· ;·;,: ... ;.;_:~-'.'Y·:/'' ·. .., ... · · .demonsiiated .bY. ~f~¥&mt8 ... For. ~~.~~te-
.' :· ;· .. :: .. , ':.:; ,, ,·: . .. ·'"-· . · wide accident, it is postulated that a wildfire is 

. The· MAR. (domi~t. cpntribut.Ors), earthquake. . initiated·;tO .. the .. southwest of LANL near the .. 
··frequencies, and···accident'.:eqnrutions· at~. the .-:b.or~.Pf;th~B.~4~er:Nati_~Monumexitand .· 
same for . all · four SWEIS alternatives; . the Po111~.:Wildem~ss Area .. Wlrl,le there is a 
conseq,rent,ly) acciden~ C<?,nsequences across the potentilil, for. -initiatiorl Of a, wi~dfire. at many 
al!CJnatives are-islso;projFted:tO·be.coinpara\)le. locations within and .near the LANL site, this 

· .. ,:.;.;·::' ... ~ •' ··;· •' "·. ·. ··:, i .. : . . . . . lo'catic;:u1 was cO~sidered as resUlqng in the most 
Reeent . arid .. ongoing seismic studies have widespread i~pa:ct to the site and surrounding 
identified .fhepptential forgr'~ f®l~ng at the : l • · · • · · · · -

CMR ·:Suilding (TA-3.,...29):·i.'1The: asseSsment ilf area. : . :.:,\./ .·~· .. \ '. . . . , ~ · .. :~ 
ground faUlting impacts ·eli} fa~lity damage ·is Thefire:begips mid d4y ~ll: fue late April throl,lgh 
difficult to quantify. ·For.ihe GMRBuilding...the · · June time frame, at a·time,of high or extreme 
facili:tY·.structure is as~¢,:to .. coll.~sy·.~.;p~ fire-4~~. an4 is not'extiligwshed in.~e first 
·of· the.' SITE-Ol earthqliake, with· ~· ·.c:~MR hour~. :;rhe:ini~allOC?a.1i~ ~s iJ1 an:~~ pop~lated. 

· basement .vault bejng ~n~ :~~J ·-~~quake .. wj~.~~yy_ pon4~.~ .. pine f'uel.s tb.a:fare found 
magnitude eomparabl~~~~a··HC;LPF~::bf'10.34 g · _between rou,ghly:6,SOO.:·an4 s.~PO:Ceet (1,980 . 

. (frequ.en~.·of 7.1- ".10·. :.P~. y~),.,: .. The annual and.2~SOO m~)-dey~1i.on. As ~e fire grows, 
~equ~cy ~~~ ·Wi·* ~stgriifi~t ;~ter JocaiJ~~.Cti~~s.~e~.~ the fire, hufaie not 
thm.. SO centJ~~) . f~lt .:4,isp~~~en,t:; is ~~ due to·.rem~ess~ travel time, laok of . 
e~m~t¢ to.~~ .1 tq ~ .~ .~~ff~; ~ Y~:' .SM~d .r~4.~ss,:·fi~ b~or. etc .. ~~our~ from . 
fault displacement. at ~ CMR:·~Buildin:g ,occur IJl~re di~tjurisdictions.are alerted. but cannot 
in a4dition to oth~:S:rr:&:"..3 .i~pa,cts,.~itio~ .arove. -~. a ~ort_;ti~e becau$e of, distance, . 
rele~s from th~ ·CM:,R Bwldijig ·~d ~s~t- A · · ' · limited ·toads~ 1lrid appasihg' evacuation traffic. · 
oon·~uye . sennvny·:: ·:asse'Smieiit '· .. a-·;·.:this· : .. ··-·tt provescimpossibte ·to .pl,lt 'OUHhe fire· with the 

=~:;~d~i~~~=~~~I?t:r~~-~ .~~ ... ··~!~~::~~~~~~ro~~~~~f~~~e.;:_ 
datn.JS~~~an4 associatecr.r~~es ·at the CMR .C~Wy~n::.: :~~~ . ·W~~ ~ . 3~009 :;~~res 

. Building·'· -has- .not ·- be~n, ·.·~inpleted. ,~ ·"The .. {1,200 hectares] .in. June 1954)~ La: ~~a .. fire 
·conservative sensitiVity a8&es&ment r-esults in an · (1 5,270 acres.· [ 6~1 go ·hectareS]· in ·June ·1977), 
.additional ·l3.P;823 · person~rem. collective Pome ·~fire. ·o.fi~~'OO acres [6;68Q ·.hectares] 

- ·G-JOO 
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April 25 to May 5, 1996), and Oso fire (greater 
than 5,000 acres [2,000 hectares] in June 1998), 
the weather does not change in time to prevent 
the fire from sweeping across the western pan of 
LANL and into the townsite. 

This specific anaJysis assumes a common 
meteorological situation that favors the fire. In 
this scenario, the fire begins about 10:00 a.m., 
reaches a size of 1.000 acres (400 hectares) in 
3 hours, and becomes a well developed crown 
fire on a broad fire front containing 6;000 acres 
(2,400 hectares) in the second day. Like the La 
Mesa fire (Foxx 1981); at times it advances at a 
rate of 38 chains 1 per hour (0.44 mil_es 
[0. 7 kilometers]). . It starts spot fires 0.5 to 
1.25 miles (0.8 to 0.2 kilometers) in advance, . 
aided by prevailing southwest winds of20 miles 
per hour and low daytime humidity. ~t eu.ily 
jumps canyons and existing fuel break lines 
around LANL and the townsite. · 

The daytime convection column reaches to 20 
or 25,000 feet (6·to 7,600 meters). In the Oso 
fire, the fire burned as activ~ly at ~ght as in the 
day, with flame heights on the order of 100 fe.et 

. (30 meters). In this scenano, in order to have a 
conservative (low height) plume rise. at night 
the temperature drops and the relative humidity 
increases. The nighttime plume rise is then 
about 2,000 feet (900 meters). The fire regains 
"its intensity at 10:00 a.m. each day. Following 
fire passage, the smoldering remains of 
vegetation and s~ctures. emit smoke and 
contaminants at the surfaee level. · 

The .fire reaches State Road 4 and State Road 
501, the southwest edge ofLANL, al noon on 
the second day (see Figure 0.5.4.4-1). 
Protective .actions are already und~rway by 
LANL, such as relocating some radionuclides 
and· barricading some windows, and releasing. 
nonessential personnel followi.ng existing 
emergency plans. (Note that for this analysis, 
credit is given only for those protective 
measures that can be easily undertaken~ such a~ 

1 1· 80 chains= 1 mile (1.6 kilomeiers). · 
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Accident •• na/y.sis 

ceasing operations or simple material transfers, 
are given credit.) The fuel break along these 
roads proves inadettuate. At this point, the fire 
has progressed in areas where access is limited, 
hampering .fire suppression activities due to 
concern for the safety of the firefighters. A 
control line is established at Pajarito Road and 
resources are concentrated there. Consequently, 
Pajarito Road is closed and not available for 
public evacuation. The fire bums forest to the 
west of and within LANL, but its eastern extent 
within.LANL is constrained by pinyon-juniper 
woodlands and defined by fuel continuity and. 
density. 

From aerial photographs. it is estimated· that 
~ese continll~S fuel Jines threaten TA-37, 
TA-15, TA-16, and· TA--66~ and those TAs to 
their west, as well as areas in· and on the edge of 
the forested canyons.· Fo11owing the continuous 
fuel Hnes and steered somewhat by 
southwesterly winds. the fire enters and crosses 
Pajarito Canyon and Two Mile Canyon, and .by 
1:00 a.m. of the third day bums up· to the 
Pajarito Road control line just west of tA-66. 

Although it would be expected that the control 
. line ·will contain most fires, in this conseiVative 

accident scenario an . adverse meteorologieal 
situation exists. At noon on the third day, aided 

· by a modest daytime wind speed pickup and low 
relative huniidh:y, the fire crosses the Pajarito 
Road control line between lA-3 and-TA-55. It 
surrounds TA-3 and TA-48, and enters Los 
Alamos Canyon either directly or by spotting. · 
The fire oontinues down Los Alamos Canyon oil 
hoth·sides of Omega Road where- TA-41. and 
TA-2 are located. Because Omega Road 
continues down Los Alamos Canyon as a dirt 
road below the Omega site, it is unsafe 'for 
firefighters to enter Los Alamos Canyon, and 
the fire progresses essentially unabat~d. . 

.. 
. From Los Alamos Canyon, the tire. climbs onto 
the mesas wheTt TA-53 and T A-21 are located. 
The fire Also spots into Mortandad Canyon. The 
canyon fires are necessanly allow~d. to bum 
eastWard, ·due to. their inaccessibility, until they 

. ~101 , 
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INCREASING 
FREQUENCY 

Hi best g .. 
Frequency 

Lowest Risk 

INCREASIN'G 
CONSEQUENCES 

. Highest 
Consequence 

· FIGURE G.S.4.4-l-. Location of the Los Al~mos National Laboratory·. 
- • _, • ..:; • ~·. ~- • ::. - t - • • - • - • • • . ""·· 
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reach the thinner stands of pinyon-juniper 
common to the lower parts of the canyons. 
There they come under control, by wind and 
weather changes~ lack of fuel continuity~ by 
human interference, or some combination of 
these. When there are sufficient trees on the 
·canyon ·walls, fire climbs the walls and then 
ignites combtistible structures and fuel at the 
canyon edges. It enters the townsite early on the 
fourth day after initiation. 

An alternative fire scenario could have the fire 
initiate to the west afLANL and townsite in-the 
Santa Fe N~tional Forest of mixed ·conifer and 
ponderosa pine.- This crown "fire, similar to the 
Oso ·fire of 1998, travels downslopersomewh8.t 
more slowly on a broad front. This·· fire· spots 
. only 114-mile or more in advance,·, The present, 
· relatively narrow fuel· ·bteak aro\md: the town 
·.and .laborator~' along· State Ro8c:i SOl would be 
overreached. ·This tire alscf would consume ·:the 

·ponderosa pine and combustible structures . in 
continuous fuel areas over the same western part 
of LANL and· townsite, and ·tthe·,--fire would 
spread· down . the lengths ; of ·canyOilS ·until it 
encountered ·tbjn.pinyon~juniper stands.· 'It also 
. could not ·be. fought suceesSfully. because there 

. is no access to the National·Forest west and 
north -of LANL and townsite, and beeause there 
is no north-south fuel · break ··.COmparable , to 
Paj aritp Road where a ·control- lhte · can ·be. 
established and defended. This'alteniative is no~ 
analyzed· beeause the · selected., scenario 'is 
believed to ·maximize the exposiire._.to the Los 
Alamos townsite·from:·JaboratOry ·ret eases:· The 
firial acreage. btimed in .. bOtli ·scenanas;is otdhe 
·orderofi7,000 acres (l0~90o·hect8res) ofwhiCh 
about s.ooo acres (3;2o·o···heetates) ·are Within 
LANL boundari-es. · · · ·' · ·: :. .· · · 
·,,• . . : ;~ . .. : ....... :"'~: . .... ·:~. :.,: ........... ·. .. .. . . 

On the LANL ·site, ·the ·frre·-is assumtd1·to 
· consume all combustible ~ctUres in iti :path 
that are evaluated as having· modenite··or higher 
risk from· wildfire -under the L:ANL ·.Building 
Appraisal·Prognun:. The fire .. also· exposes ;the 
surface · of cohtaminated ~ previously 
protected by vegetation in the tiring sites and 

. . canyons. Thi~ text separately discusses the 
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Accidtmr Analysis 

exposures from fire.buming the soil cover and 
suspending the · und~Jying soil and the 
exposures from burning struCtures. • Exposures 
from canyon fires are calculated individually 
thus enabling the assessment of fires of Jesse~ 
extent than the site-wide fire. 

. This accident analysis does not consider o:ff..;site 
damage directly ··caused by the flames and 
smoke from LANL fires, and does not address 
the direct ~ects·ofthe fire on the townsite. It is 
recognj_zed that"~e· is continuou.s fuel joining 
the Nauonal Forest and the residential areas and 
that·fires in the canyons ·at· LAm.. al~·~d 
propagate into the townsite; . . . . .. 

,·~· ~· . : . :" .: : . . .. : 
····· 

Wildrll'-e.Freqaen.cy. ·. · · 
'. 

Ccindithuas tha~·~~)favor ,:_Wildftre.- .These 
scenarios are quite· credible_, in. view of the 
pres~;mt density:.. and ·· structure . of · fuel 
surrounding and within LANL,and townsite, as 
well as the occurrence. of three m~or fires in the 
past. 21 years .. · Same proteCtion· is afforded 

. LANL by ·the ·fire soars, of the ·previous Dome 
· -and . La~ Mesa :.f'!'~ :but there .. is · ample fuel · : 

continwty remauung ·. ·to;.· ·:bring . an off-site .: 
wildfire to the southwest and western boundary ·• 
QfLANL. · · . . . 

.• . '.t . ..~. :.. . . . • . 

Th~ prc:mabili~ ofltigh·:to ~me·fire danger is _: · 
determmed: by, theJ{equency. <»f..m~rological . 
condi~qns;oflow. precipi1ation,for.2 «.> 3 weeks.: • 
precedi~; :·. low . relativf!: · ·. b~midity for .. 3 : 

. cons~tiV:e ~ys;.an4·high ~petllt,Qres. When · 
· th~ ·t;~;.t.o:~~,:fj~·!d!mg~ eXists.hJ,:New 

Mex:tCQ·Jn May.tbtougbJlJly.·there ire·certain to 
, be. multiple· ignition-~·~S··.(from··lightnin& ~ · 
. carelessness, and h~an causes),:Th«ejs & high. , 
: frequency. of -:lightning . and .lightning-caused . 

fires 1n ·the Jemez Mountains (Armstrong .!998). • 
From:.l97.S·to;:.19~, .tl\er~·:wenr·372 tire starls · 
(17.7 · per> year). :in. the · 40 000 acres 

·· (16;000hectares)·:ot>SaQ:ta:·Fe National Forest · 
arid Bandelier· National Monument· adjacent t-o · 
~ANL .. "':,. ·Using. :<as·· .injnir.:ihe ·· frequency ·.of • 
different sized flres,. the PROB.ACRE model 

. yielded a ·30 percent· -probability of .exceeding .. 

G-103 
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5,000 acres (2,000 hectares) in a S year period 
(Armstrong 1998). Annstrong' s calculation 
was made prior to the 1998 Oso fire, whose 
inclusion would increase the probability. 

The frequency of a large fire encroaching on 
. LA.NL is estimated as the jofnt probabilitY of 
ignin· ... m in the adjacent forests, high to extreme 
fire danger, failure to promptly extinguish the 
fire. and a 3-day spell of southwesterly to 
westerly wind over 11 miles per hour (5 meters 
per second), low humidity, and no precipitation. 

Determinin-g the Joint Probability of 
Occurrence Qf Weather and Fire Danger 
Conditions. The probability of occurrence of 
~e weather and -fire -conditions needed for this 
scenario were determined using wind data and 
fire danger data for April through June of 1980 
through ·1998. These months were chosen on 
the general knowledge that fire risk and 
frequency is greater in those months.· Note that 
site-wide· fires· also· are possible, but less 
probable, in other months besides April through 
June; thus, the ·annual ·frequency ·of fire­
favorable weather is somewhat greater than 
quantified for April throug~ June. 

The fire danger was determined using Energy 
Release Component (ERC) data obtained from 
Bandelier National Monument (PC 1998b ). The 
ERC is a component of the National Fire Danger 
Rating System, and the adjective ratings, such 
as . ''moderate" or ~'extreme," are detennined 
from categories of the ERC. with higher values 

. of the. ERC representing condition~ ofhigher. 
fire danger. Above a threshold value of the 
ERC, the · fi·re danger is "very high" and 
"extreme.'' and this threshold value was used to 
determine days of very high and ex:ti'eme fire 
danger. lnterpol~tion w~ perfon:ned to 
estimate for days when ERC data was missing. 

In general, wind direction at ~Y location varies 
and does not persist in a single direction for a 
few days. LANL is no exception. At LANL, 
persistent daytime w1nds ·are interrupted for a · 
few ho:urs when nighttime drainage winds 

0-104 

occur. However, granting short interludes of 
drainage flow,_ mere are many instances in 
which a dominant direction, such as 
southwesterly, westerly, nonherly, etc., can 
exist for 3 days without precipitation. 

. For· detennining · fire..:favorable ··weather· 
frequency, 15-minute average wind data from 
the 11.5-meter level of the TA-59 and TA-6 
meteorological towers were used. For each day 
in April through June of 1980 through 1998, an 

. average afternoon wind was calculatetffrom the 

. 15-minute data in order to ·eliminate local 
diurnal changes in wind. speed and direction that 
are common to the area. Average .afternoon 
wind · speeds of greater than fo miles 
(16ldlometers) per hour were. chosen to· 
represent -strong winds. While· this threshold . 
may seem low for a strong wind, wind gusts of 
over 30 mtles (48 kilometers) per· .hour and 
sometimes over 40 miles (64 kilometers) per · 
hour were seen on most days when the afternoon 

· average wind was · above 10 miles . 
(16 kilometers) per hour. The wind direction . 
thresholds were set at 180;. (southerly, ineani ng 
from the· south) through. 292:5° (west­
northwesterly). Three·day periods from the 
same data set were then e:--.:amined to fletennine 
if the ERC, wind speed. and wind direction fell 
above (or within) set thresholds. All 3-day 

··periods falling wi-thin the set limits were then 
extracted. 

The results. show that it i~ not uncommon to see 
a 3-day period exhibuing the selected_ . 
characteristics in a cinm \'Car. and that when 
such a 3~day period appc~rs. it is likely that 
more than one such period will occur within that 
year. Specifically, the resulting stati~tics show 
that of the 19 years e~amined, 5 of them 
displayed at least one 3-day period within ~e 
limits. or ~ every 4 years. ·Of these 5 years. 4 of 
them had an average of 3. 6. 3 -day periods. (An 
instance ofS days in a row is counted as 3, 3-day 
periods.) This comes to 15.4 instances t!) 19 
_springs. 
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In summary, fire-favorable weather conditions 
occur on the order of once per year; the ignition 
sources are prevalent; and fire fighting is 
hampered by limited accessibility. Therefore, 
this analysis concludes that a major fire moving 
up to the edge of LANL is not only credible but 
li.kely, probably on the order of OJ per year .. 
This frequency is the same for all altemati~es. 

Dispersion Meteorology 

As noted) only certain meteorological 
conditions are compatible with such ·a fire. The 
meteorology. of June 7 to·lO) 1998, was selected 

. for modeling the accident· sequence because 
these dates were recognized as a recent time of 
serious fire danger to LANL. These.conditions 
are ·regarded as conservative, in that in this 
period the wind is generally from LANL toward 
the nearby Los Alamos townsite and would 

·result in higher total populati(!n doses. Santa Fe 
is much more distant, and concentratipns would 
therefore be lower. Under northwesterly winds, 
exposures in Santa Fe (had ·the . alternate 
scenario been used) would surely be less than 
exposures to the Los Alamos townsite from the 
southwesterly winds in this scenario. 

-Exposures at 100 meters distance from burning 
exposed soils ate calculated using c stabilitY 
and 6.6 feet (2 meters) per second wind speed. 
These · exposUres. : can be regarded as MEl 
exposures, although it is unlikely that anyone 
other than firefighters will be present at that 
distance.· Exposures at 3,300 feet (1,000 meters) 
are also reponed. In canyons, where elongated 
area sources exist,· the adculation provioes 
integrated exposure at 330 and 3,300 feet (1 00 
and 1,000 meters) downwind of the long axis of· · 
the area, thus maximizing the exposure. This 
situation could occur with winds turning to 

·follow the canyon . profile, Such as under. . 
drainage wind conditions. Thus, the calcuh\tioh 
applies to plumes that are destined for any 

. receptor within and beyond the. contaminated 
sections of the canyons. 

FAX:505 845 4879 PAGE 10 

Accidtnr Analysis 

Soil Resuspension Following the Fire 

Suspension by the .\Vifl9 of a fraction of the 
smface soil can occur fonowing denuding of the 
vegetation. This has the potential of exposing 
workers returning to the area, as well as the 
transient public, until the situati<:>n h~ stabilized 
.and vegetation has begun to recover. As proven 
by the continuing existence of soil and ash 
following a fire, the suspension of fire residue 
and ofbumed soil is very small compared to the 
bulk quantity that continues to remain. Only ~e. 
loose material would be suspended, arid, if the 
material is not mechanically disturbed/the rate 
·or suspension would taper off. Even if 
precipitation. halting the suspension did not 
occur_ the wind direction would change many 

. times so that the resuspended· material would 
·not be transported as effectively as that fi:om the · 
shoner tC?rm, initial rele~se. Consequently, 
resuspension doses are only calculated for an 
indjvidual standing directly on the contaminated 
area. 

Large,. brief suspensions for unweathered 
materials occur under mechanical disturbance, 
such as the passage of-vehicles. This is highly 
dependent upon vehicle spe~ and wind speed 
(Figure 4-23, DOE 1994d). The hi~est, 
bounding resuspension rate is 1 x 1 o--.. per 
passage for a car driven directly through powder. 

·tracer material on an asphalt road (DOE l994d). 
However, there are no asphalt roads and no fast 
vehicle traffic on the firing ranges, and most of 
the contamination .is not near roads, · Hence, . 
suspension by v~cles will not be. ,of this . 
magnitude and is not included in this analysis. 
Rather, ·the ·direct suspension by the wind is 
analyzed. . . 

A rate of resuspension is often expressed as the 
ratio pf the airb.ome concentration and the areal . 
surface coniainina~ori, usually with the units of 
met~s·1 . This ratio i~ caJled the resuspension 
factor. Its magnitude depends upon the wind · 
speed, partiCle size, and nature of the coveri The . . 
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resuspension factor decreases with time due to 
weathering and downward migration of a 
portion of the contamination. Although most 
material remains in the surface soil~ it becomes 
unavailable to the wind. Sehmel (1984) 
provides a substantive discussion of 
resuspension factors, their use, and ·nmitations. · 
Note, this concept stii.ctly applies to the 
resuspension · of material deposited from the 
atmosphere and applied to the soil as tracers in 
experiments and may not apply to material 
otherwise incorporated in the soil matrix. Most 
resuspension factors range from 1 o·? . to 1 o- ~ 1 

p·er meter. 

Note that· the resuspension factor is not the 
. fraction of the material that becomes airborne, 

and therefore Cannot" be treated as "an .airborne" 
release fraction (ARF) . or source tenn for 
dispersion models. · -Becaus·e of the ·way the 
resuspension factor is·defined and measured, the 
concentrations apply only in the ·immediate 
vicinity (i.e., abo"Ve) the contaminat~ soil. 
Concentrations. beyond the area will be much 
lower, due to variations iri the wind direction 

. and atlnospheric ~iffusion. 

Although resuspension factors are highly 
irregular and poorly defined (Sehmel 1984), 
they were applied to evaluate residual concerns 
with reoccupying bumed out contaminatiop 
areas. A conservative resuspertsi·on facior of 
1 X 10-S meters-l ·(sandy soil with charred 
debris) is selected for. us~ in this analysis (from 
Section 4.4, Table 4-16; page· "4-91, 
DOE 1994d). The fraction of ~e suspended 
contamilWlt that is . respirable (less ·than 
10 micrometerS ·equivalent· aerodynamic· 
diameter) at the sail surface following_ the. fire 
passage, is unknown. The particle size is likely 
to be large, as the conta~inants will be attaclled 
. to soil -pa!licles~ bu~ because it is Ul11cnown, tm 
RF of 1.0 is assumed. The appropriate time 
period for application of this conservative value 
is probably only a few days long, dep.ending 

. upon . precipitation, . because resuspension 
factors decrease by several orders of magnitud.e 
with time. 
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The resuspension factor of 1 x 1 o-s meters ·l 
was applied to the. mean areal soil concentration 
in the top layer of the contaminated sites, with 
the resultant radiological exposures shown in 
Table G.5.4.4.-L These are the estimated 
exposures that could occur if all the 
conta~nati.on in th_e top soil layer were right at 
the surfaee.; if there were no precipitation or soil 
cover, if there were wind, and if the receptor 
were standing above a spot that represented the 
average soil contamination for the contaminated 
portion of the site or canyon. These estimates 
are limited by the theoretical and experimental 
problems with resuspension· factors_. 

In"practice~ before these knoWn contamination 
. areas would be. reoccupi~ f.Qllowing a tire, the 
potential for exposure would be asse.ssed and 
protective actions. ~en ~ appropriate to 
minimize exposure to the -personnel. 

Exposures from Burning Vegetation and 
·.Suspended Soil 

Open Burli/Open Detonation Dispersion 
Model. During the bur_ning of a vegetative 
cover, some fracticin of the soil is entrained into 
the fire and transported and . dispersed 
downwind. Such downwind concentrations of 
soil contaminants suspended by fire were 
calculated using the Open Burn/Open 
Detonation Dispersion (OBODM) model. The 
Open Bum/Open Detonation Dispersion Model 
(OBODM) is intended for use in evaluating rhe 
potential a:ir quaiity .impacts ·of the· open-a1r 
burning and detonation of absol~te munitions 
and solid propellants at U.S. Department· of 
Defense and DOE installations (DPG 1997). It 
can be used to calculate peak concentration, 
time·mean concentration, · tirn~integrated 
concentration, and particulate deposition from 
multiple 5ources .. It can oonsider instantaneous 
or quasi·continuous · releases from point, 
volume. and/or line sources. 

The model. predicts buoyant rise ()f the plume 
from the bum and uses default mixing depths 
generally representative of noncoastal regions 
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TABLE G.5.4.4-t.-. Estimnt£.d Inhalation Doses from Resuspension Follmving Wildfire 

tuTALSOIL MEAN SOIL 
AIR INTAKE PER 

EFFECTIVE 
·siTE AREA (m2) 

CONTAMINATION 
SURFACE 

CONCENTRATION DAVI' 
DCFb 

CONCENTRATION 
.. 

(mrem/pCi) 
' 

! EF Site 11,690 675kgDU 0.058kglm2 S.S X 10'7 kglm3 17.5mgc 
5.8 X 1()"3 ~Ci 

1.18 X lOS 

PhermexSite 11,690 S68kgDU 0.049kglm2 · 4.9 x to·7 kgfm3 14.7 mgc 
4.9x 10"3 p.Ci 

1.18 X lOS' 

I 

0.048kglm2 4.8 x 10"7kgtm3 1.18 X 10~ Potiillo Canyon 1.200 58-kgDU 14.6 mg0 

4.h·to·3 ~Ci 

Mortandsd · 11,600 4.7x t09pCimixed 3.4 X 105 pcifm2 . 3 . 3.44 pCilm 1.0 X 10"4 pCi 1.5S x 105 

1 Canyon 

DP.Canyon 3,600 1 .. 6 x 107 pCi TRU · 4.480 pCi/m~ . . 3 
0.044 pC1hn. · . . 1.4 X 10"' ~Ci 4.34 X 10) 

Los Alamos 18.900 1.2x J011 pCi.TRO 6,560 pCifm2 ·0.066 pCilrn3 2.0 X 10-6 Jl~j 4.33 X 105 

Canyon 

Acid Canyon 100 1.6x 107 pCi.TRU 1.6 X 105 pCilm2 . 1.64 pCihn3 .5.0 x 10"5 pCi 4.35 X lOS 

Pueblo Canyon . 28,500 .2.Sx 108 pCiTRU 8.912 pCi/m2 0.089 pCitm3 2 .. 7 X 10"6 pCi 4.3 X 105 

Notes: 
"T~r: breathing n:.11) used is 30 .. 2.4 m3/day.. · · • 

· 11 The cfTectm d01e convcriion factors aro for the tnix1ure ohu~!idcs at each firing lite and canyon. 
G These intala ofU11lrilum would~-~ OSHA mr .. of02S rng per 8 houri!. 

--- - -
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in the western United States. The minimum 
meteorological input consists of wind speed and 
direction at 10 miles elevation, air temperature, 
and the Pasquill stability category or the Net 
Radiation Index. For OBODM wildfire 
calculations, a conservative stability and wind 
speed (category C and 2 _meters per second at 
10 mlles height) were selected to maximize the. 
downwind exposures. A stable atmosphere 
would not represent the mixing conditions in the 
daytime meteorological situations favorable to a 
wildfire. and ·could not exist in the presence of 
the wildfire. 

Vegetation Fire Plume ruse. The OBODM 
model calculates the plume rise given a fuel 
loading. rate of bum •. and hea~ c~ntent of the 

. fuel. It calculates the resulting· concentration 
.~istrib:ution at specif\ed receptor points. The 
fuel model classes and associated rates of bum 
(defined pursuant to· Anderson 1982} were 
detennined by field survey (PC 1998c) and are 
given in Table 0.5.4.4-2. 

Caloric values of various terrestrial food plants 
and seeds are 4.5 to 5.2 cal/gm (Odum 1971). 
The. heat content of dead celiulosic materials 
does not vary greatly (Simard et aL 1989). For 
this analysis; the heat content of both grass and 
of wood were assumed to be 4.95 cal/gm 
{20.7 J/gm) (Wilgen · et al. 1990). The. fuel 
models · coiltain the sum the dead and live 
vegetation in various conditions of dryness and 
have an associated rate of fire spread. The range 
of uncertainty in the fuel load is large enough 
that the uncertainty in the moisture content, heat 
content, arid rate of bum is not material. The 
total heat produced is used only to calculate.the 
plume rise, which has only a modest effect on 
concentrations at moderate to large· distances 
from the source. 

Areas of Contaminated Soil Analyzed. The 
·areas of contaminated· soil were identified as 
PHERM:Ex Firing Site and EF Firing Site in 
TA-l5, Potrillo Canyon (from runoff at the EF 
Firing Site),· DP Canyon and Los Alamos 
Canyon below TA-2l,~and Mortandad Canyon 

G-108 
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below and east of TA-35. The radioactive 
waste lagoon at the end ofTA-35 has cattails in 
it, but contai"n~ water. Acid Canyon received 
untreated waste water until 1953, then treated 
waste water until 1963. It has been cleaned up, 
but residual contamination still shows up in the 
Acid Weir sediment trap. The area ·of 
cOntamination in Acid Canyon is estimated as 
3.3 feet wide by 330 feet long (1 meter wide by 
100 meters long) (PC I998d). Acid Canyon 
empti~s into Pueblo Canyon, which also is of 
low concentrations. Other, numerous· 
contaminated areas that have been covered with 

· clean soil are nol at risk of suspension during 
. and following wildfire and therefore were not 

evaluated. Ten Site Canyon below the 
Radioactive Liquid Waste Treatment FacilitY in 
TA-so· wa5 ·not evaluated, a8 itS· contamination 
is primarily strontium-90. which has a lower 
dose conversion factor than plutonium and 
because it has such low concentrati-ons that it is 
no longer sampled (PC 1998e). 

The contamination levels· were obtained from 
· several publications, as identified at various 

places in this text . and. in the summaiY 
Table G.S.4.+-2. To be conservative, the tOtal 
amount in the upper tier of sampled· soil, usually 
0 to 1 or 0 to 3 inches (2.5 or 7.6 centimeters) 

. depth. were assumed to be ·entirely on the 
surface and exposed to the fire.. . .. 

Airborne Release Fractions During 
Vegetation Fires. . The model OBODM 
requires as input the fraction of contamination 
present in the fuels .. beirtg. burned. For·thesc 
calculations.. the ratio of . this suspended 
contamination to the ma,ss of fuel burned over 
the same area was presented io the model. To 
get this · ratio, the . mass of contamination 
suspended during The fire passage is the product 
of the contamination in the· top layer of surface 
soil and the release fraction. · For this 

· assessment. all the contamination hi the top 
layer of soil is assumed to be released with the 
release arid respirable· fraction (ARF x RF) 
appropriate to uranium metal· under thennal 
stress. 
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For contamination in the soil, duff and litter, the 
burning temperature is going to be low and the 
burning time short, with the fire front 
progressing at 0.2 to 0.44 meter per second in 
timber and grass, respectively. The possibility 
of shrapnel in trees is recognized. However, 
there are few trees around the firing sites, and 
the release fraction from burning DU is smalL 
Uranium is not capable of continued burning 
after the fire has departed, and so the burning 
release time would be short. The ARF x RF for 
uranium metal und~r thennal stress is taken 
from DOE 1994d, Section 4.2.1.2.1, page 4-42. 
The observed geometric mean ARF x. RF is 1 x. 
10-4, with a 95 percent confidence level ARF x 

.RF of 4x 104 . In this ~alysis, the value4 x 10" 
4 also is used for beryllium and 'its compounds 
in the absence .qf experimental data dealing 
directly with beryllium. There ·are no release 
fractions available for radion':lclides other than 
plutonium and uranium in the DOE-IIDBK-
30 10-94 (DOE 1994d) or in the Nuclear Fuel 
Cycle Facility Accident Analysis Hanqbook 
NUREG/CR-641 0 (NRC 1998). The boJJnding 
ARF x RF for powders subjected to thermal 
stress are 6 x 1 o·5 for nonreactive compounds 

·and .1 x 10·5 .fQr reactive compounds (DOE 
l994d, Section 4.4.1, page 4-61). For 
consistency, the conseiVative. ARF x RF of 
4 X ·l o-4· also Was used for Other nuclides in 
contaminated soils. 

Contamination in Plants and Animals. Small 
mammals have tissue/soil uranium ratios of 10~3 
and 10-4 (Miera et al. l9SO), and tissue/soil 
cesium and strontium ratios on the order of 1.0· 
·(Whicker and Schultz 1982, Table 17). (It is 
unclear whether these ratios are wet or dry 
weights in the animals~ plants, and soils.) For 
the reasons· of their low concentration ratios. 
their escape ability, and their very small total 
mass compared to . that of the vegetation, 

. animals are ignored as a sourc:e -of airborne. 
nuclides in this analysis. 

The NRC has published a list of plant/soil 
concentration ratios (NRC 1977). The ratios for 

·stable. strontium and cesium are 0.017 and 0.01, 
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respectively, although there will be cases where 
observed values differ substantially (Whicker 
and Schultz 1982). Whicker and Schultz stated 
that the ratios for uraniUm range from 1 o-4 to 
over 10-1, that ratios· for plutonium are 
particularly dependent on chemical form, and 
that ratios for americium are perhaps 1 00-fold 
higher.than plutonium. Plants growing where 
uranium concentrations in surface soils were 20 
times to 3,500 times background, have 
exhibited uranium concentration factors ofO.OS 
(spring) to 0.08 (fall). Late fall standing dead 
vegetation at the.· EF site averaged 
320 micrograms uranium . per gram of dcy 
vegetation (Miera et at. 1980). Applying this 
observation, the 1,987 -kilograms of vegetation 
at the EF site·would contain 0.64 kilogram of 
depleted uranium. all of which would 
presumably· become . airbQme in the · fire. 
Application of the ARF of 4 x 10-4 to the EF site 
soil woul4 produce 0.27 kilogram of airborne . 
·depleted uranium. Thus, the.dose.from bum!ng · 

·. vegetation could contribute 2.37 times the dose 
from the suspended soil, and the doses could be 
3.37 times the value given for soil alone in the 
final column of Table G.S.4.4-2. 

Wenzel · et at (1987). studied radionuclide 
concentrations in soil, litter, and vegetation 
growing in a TRU waste area, and concluded 
that a higher resolution sampling ·is needed for 
cesium-137 and plutonium-239/plutonium-240 
to interpret surveillance . results and produce 
reliable risk as~essments. Their obserVations, · 
suggest that the concentrations of these 

· nuclides, and_ of depleted-uranium, in vegetatiol) 
is always less~ the concentrations in"the top 
0.8 inch (2 centimeters) of soil, and generally an 
order of magnitude less. · 

Thus, it is concluded that the doses in the final 
column of Table G.5.4.4-2 could be increased 
by a factOr of three or four to account for the 
pimtamination in the vegetation above. ground· 
that becomes airborne: 

Beryllium Exposures. The &~hour t1me 
weighted · average for· worker· exposure to 

G-109 
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TABLE G.5.4.4-2.-sunmwry. Table for Co11t.aminated Soil Areas 
-

PHYSICAL -.. 'fllL FUl!LTVPE RECEProR DOSE AT 
SITE 

DIMENSIONS ·U.hua .•. ,-<1\TION FUEL MODEL 
BURN RATE FUEL LOADING 

100m AND 1,000 m 
-· 

El: Site~ 2001\161 m · · :.542 ppm area-weighted Grass Fuel Model 1 78 chainlhr 1,987 kg;0.7-4tonl 0.21 mrem (0.01 mrem) 
mdi\ls 11,690 m2 nraniwn b; 67 5 kg total (0.44mlsJ. acre (0. 17 kgfm2) 

PHERMEX Sitea lOOft/61 m 456 pPm area-weightedb~ Ora .... Fuel Modell 78 chainlhr 1.987 kg; 0.74" ton/ 0.18 mrein (0.008 mrem) 
radius 11,690 m2 568 kg total . (0.44 m/s) acre (Q.l7 kglm1) 

PHERMEX Sitec 
.. .. . .. 

0.81-lglm3 (0.0005 ~gfm3)i 200ftl61 m . Simp)e U'\'er&!!e 31.7 ])pm Gruss Fuel Model 1 78 cbainlhr 1,987 kg;_ 0.74 ton/ 
radius 11,690 m2 Ba-ylli11m in • -linch soil (0.44 m/s) acre (0 .17 kglm 2) 

dc:pth11 
. 

Potrillo Can_yone 4mx30om 58 kg uranium 0 to 15 em depth PlPO-Canyon Fuel 35 chainthr 566 kg;· 2.1tonl 0.0016 mrem 
l200m2 Model2 (0.20 mf$) acre (0.47 k.gtml) (3.5 x 10"4 mrem) 

.. 
4.7 x 10"" mrem Mortnndad 4.mx3.400m Surface inventory of 4. 7 x PIPO-Canyon Fuel 35 cl)ailllhr: 6,4)5 kg;2.1 ton/ 

Cauyong 13.600m2 109 pCi of mixed nuclide.!i ·, Model2 (0.20m/s) acre 0.47 kglm2 (3.6 x 10"5 mrem) 

DP Canyonf,g_ 3 mx l,200m i_._, x 107 pCj TRU surface PIPO·CanyonFuel 35 chainlhr 1.700 kg; 21 ton/ 2.8 x 10·4 mrem 
3,600m2 inv~mtory ModeJ2 (0.20mls) acre (0.47 kglm1) (l.6x 10·4 mrem) 

1.2 x 107.pCi ofTRU .surface 1.5 x 10·7 mrem 
--

Los Alamos 3mx6.3km PIPO-Canyon Fuel 15 chainlhr 8,920 kg; 2.) lonl 
Can)' on& 18,900m2 inventory Model2 (0.20m/s) acre (0.47 l.t>.'m2) (1 -1 x 10·7 mrem) 

Acid Can}'on&h · 
-

16.4 x 1u6 pCi ofTRU SUif!lce 
---·· ·----4.1 x 10"5 mrem l m x 100m 1'11'0-Cs.nyon Fuel 35 chainlhr 47.2 kg; 2.1 ton/ 

100m2 inventory Model2 (0.20mls) acre (0.47 kglm2) (3.0 x 10~6 mrem) 
--· 

2.5 x 108 pCi of TRU surface 
--

2.2 x 10·8 mrem ! fueblo Cwl}' onB 3mx9Skm PlJ:>O-Canyon Fuel 35 chninllir 13,450 kg; 2.1 ton/ 
28,50Qm:! inventoty Model2 (0.20 m/s) acre (0.47 kr.!m2) {2.0 x 10"8 mrem) . .. __ ,_ 

'" Ua1a fron1 Dv.t.199Sa Appendix D. . . _ . . • 
b· -456ppm and 342 ppm area-weighted avcragedcJ·! ted uranium iii 0 to 3 ;.,~h dcpthofsur.fiwe soil uf demrit}· 1.4 g/cm3 yield·S68 kg and 675 kg dcrbted urariium. 
c Data: from Fresquez 1994, resulls of the soihampl irig survey conductccl ovet active RCRA firing s;1e TA.-15-184 (PHE:RMEX). 
d Simple ~tverage ennce.nfration in surface ooil of density 1.4-e,/cm3. 

.. 

c Data from Miens el at )980. 
f Width and length from PC 1 u• '"f. . . . 
& Oat~ from Enviro11mental Sur ~c11lance Repcllts (ESKJ for 1992 (~ANL 1994e ), 199 5 (LANL l996r ), and 1996 (LA • 1-997c}. 
~ nata hom Acid Weir site, Table S-14 ofESR 1996. . . . . . . . 
• For bery!l ium, rather than the TEl)E or jnt~rated concentration, the peak colloentration is provided for comparison to standards. The acceptable maxi mum peak f OJ a maximum 
, of30 minutes is 25 ~glm3 (NIOSI1199'lJ. · . · . · · 
'· J)uc to lhc very lr-ng line. wureevricnted down the cailyon ftnd lhe wind blowing down tbe canyon, dose does not dnmge m~h wilh d;••:mce down the canyon. In fact, at 10,000 m 

i11 Los Aln1110s Canyon, the dose is effectively the same as 81 (ono ni. 
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beryllium and its compounds is 0.002 milligram 
per cubic meter. The acceptable maximum peak 
for a maximum duration of 30 minutes 
is 0.025 milligram per cubic meter 
(NIOSH 1997). These are not thresholds that 
will protect all people but are useful for 
comparison to the concentrations from burning 
over. the PHERM:EX site. The beryllium 
concentrations calculated by OBODM 
(Table G.5.4.4-2) were 0.0008 milligram per 
cubic meter) much less than these thresholds. 

Conclusions as to Doses Downwind from 
Firing Sites and Canyon Fires. The doses at 
~30 feet and 3,300 ·feet (100 meters and 
1,000 meters) downwind from fires over 
individual firing sites and canyons are provided 
in Table G.S.4.4-2. The. doses assume that the 
receptor remains at those locations for the full 
time of the plume passag~. .This can be a long 
time, as the fire front advances at about 0.7-foot 
per. second (0.2 meter per second) in the canyon 
timber. At this speed, the fire takes 13.5 hours 
to bum the contamhiated area . of Pueblo 
Canyon, 8.9 hours for Los Alamos Canyon, 
4.8 hours for Mortandad Canyon, and 1. 7 hours 
for DP Canyon, but only 0.42 hours for Potrillo 
Canyon and 20 minutes forth~ EF site. 

The largest doses from .the vegetation fires are at 
330 feet (100 meters) downwind of ~he firing 
sites, EF (021 .millirem). and· PHER.M:nX 
(0.,18 millirem). The 5 x 10-7 LCF per millirem 
risk factor can be applied to the doses in 
Table G.S.4.4-2, to receive assurance that there 
are no effects ~pected from the radiological 
exposures from burning veg~tion· and ground 
cover over ·soils. If the. total · area of 

· contamination is small1 · suCh as for the firing 
. sites and Acid Canyon, then _the same values 

would apply for any wind direction. For the 
other canyons, however,_ ~e ·.exposure is 
integrated for the entire length of the canyon. 
fire, and so the exposure to the side of the 
canyon would be less than given· in 
Table G.S.4.4--2. 
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Because the canyons are parallel, a receptor 
cannot be directly downwind from more than 
one canyon) and ~enoe, the exposures from 
multiple canyons shoUld' not be added to obtain 
a new MEl dose. In order for a receptor to 
receive exposure from multiple canyons, the 
wind would have to be transverse to them, as it 
would be in this· site-wide fire with the 
southwesterly winds. However, if the wind 
were transverse to multiple canyon fires, the 
orientation of the canyons would assure that the 
dose from each would be much less than those 
shown at . 100 meters . distance ·m 
Table G.S.4.4-2. One must conclude thai, no 
maner 1he orientation of the Wind, sources, and 
receptors, the. :MEl dose fro~ site-wide 
vegetation fires must be less than 1 millirern. 

Delayed Emissions Following BuDding Fire 

The smoke or emissions from building remains 
folloWing the fire passage were not modeled. 
The entrainment of surrounding air by strong 
fires will capture much of the delayed emissions 
that occur SOOJl after passa,ge of the fire front, 
conv~rting them into an elevated release as part 
of the main fire. Howevert in ·the LANL 
landscape there may ·not be ari inierise, 
continuous fire front; hence, some of the 
conta.rninants in the surface emissions may 
travel and disperse at low elevations. The 
relative amount of the· contaminant that is and is 
not entrained into the main fire plume cannot be 
evaluated. · 

Evaluation of BuDding Fires 

This section analyzes pOtential individual and : · 
population radiolo8ical and chemical exposures 
from buildings burning as a result of wildfire 
initiation. Each building was firSt screen~ for. 
its vulnerability to wildfire. Those that were 
evaluated as vulnera.bl~. were then ·screened .for 
chemical and radiological inventories. For 

. ·those wi~ significant inventoriest the doses 
from the fires were then obtained from previous 
fire analyses (such as in SAR.s or this SWEIS) or 
newly. calculated usjng the MACCS code. 

0~111 
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Criteria and· Process· for Determining 
Building Vulnerability to WUdfire. The 
evaluation of vulnerability to wildfire is on the 
basis of building construction, materials and 
exposure. slope, and the quantity and structure 
of external fuel as described below. The total 
wildland fire vulnerability was caiculated for 
this SWEIS by· the LANL Fire Protection 
Group·. 'The vulnerability is the product of the 
structure hazard times the, sum of the fuel hazard 
and slope hazard. as defined below. :. 

The Structure HaZ&rd ~ting considers the 
combustibility of the exterior structure: · · 

• · Underground--0 · 
• Noncombustible exterior (windowless}-!: 
• 
• 

Noncombustible (window exposures}-2 
Combustible exterior-. 3 · 

Fuel Hazard. This is ·the product of two 
components, fuel loading and distance faCtor. 
The-fuelloading is taken as zero for short grass 
a.nd asphalt. and for other conditions is 
detennined by the fuel model type. as described 
in Aids to Determining ·Fuel' MOdels For 
Estimating Fire Behavior (NWCGP 1982). 

The distance factor, DF, expresseS the distance 
. of the fuel_ from the structure. · . .· 

• 

• 

' . 
• 

DF...:....O, distance is greater-than 4 times the 
height of the fuel. 
DF-1, ·distance is greater than 2 times the· 
height of the fuel. 
DF-2; distance is the. height of the fuel. 
DF-3. distance is less than 1/2 the height 
ofthefuel. 

Slope Buarcl. Exposing slopes are rated as. 
follows: 

. .sto~e Hazard ~ 

5 Mild (0 to 5%) 

10 · Moderate (6 to 20%) 

G-il2 

IS Steep {21 to 40%) 
' . 

20 · -~ :Extreme (41% and greater) 

The total vulnerability is th~h calculated as the 
product of the structure hazard times the sum of 
the fuel hazard and a"bpe hazard. This riumber · 
is converted to a word d~sqription as follows: 

NumeriQW rating; ~enbility 
'<. 

OtoS None 

6to49 Very Low 
\ ... ~ 

50 to 79 Low· 

80to 149 Moderate 

150 to 259 '·High' 

260 and above Extreme 

Note that this LANL system does not provide a 
probability that ·a. ·wildfire will approach the 

· building,. or that any particular building will 
burn in a fire. Rather, it.sortswhich buildings 
are more likely to be damaged or destroyed 
should a. wildfire .approach. Table -0.5.4.+-3' 
lists the buildings that have a moderate or higher 

. risk. ha.ve also been assigned a hazard category 
in the p1blication LANL 1998a, and were 
subsequently· evaluated for public exposure 
from wildfire. Other buildings have no 
significant amounts of MAR .a.nd. were not 
evaluated for this accident analysis. 

For each building ~t has· a moderate or higher 
vulnerability and. appears in LANL l998a., a 
determination was next made as to whether 
further analysis of public exposure was net:ded. 
Table G.5.4.4-4 provides the results. Some 
·buildings were eliminated based 'on 'updated 
inventories, · as having· no significant 
inventories, or an inventory that was present 
only for brief periods. These determinations 

·appear in the columns headed "Comments and 
BIS Assessmene' The comments cohimn 
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TABLE G.S.4.4-3-Evaluation of Vulnerability of LANL Buildings to Wildfire 

TECliNJCAL Wn.:DLAND NUCUAR :SUILDJNG 
AlU:A RISK FACD.Jn' 

TA~2 44 Moderate No 
TA-02 49 Extreme No 
TA-03 130 Moderate Yes 

TA-03 16/208 ( High' ) No 
TA~3" 494 Mcia"erate No 

TA--03 66/451 .(~~ Yes 

TA~8 65 
.. 

Moderate No 
TA-Q8 70 Moderate Yes 

TA-15 183 Moderate No 

TA-16 205 Moderate Yes 

TA-16 248 l-1~~ No 
TA-16 255 ( High ) No 

TA--16 414 ~te No 

TA-16 459 ( Hish". No 
TA-18 32 :Moaeraie · Yes· 

TA-21 155 Moderate Yes 

TA-21 209 Extreme Yes 

TA-21 61 MOderate· No 

TA-35 no (~gh-, No· 

TA-35 213 (Hip : No 
TA-41 2 Moacrtte No 

TA-41 30 Mod~· ·No. 

TA-U 4 Moderate No 

TA-43 1 Extreme No 

TA--46 208 Moderate No 

TA-46 . ~171218 Moderate No 
TA-48 1 Moderate No 

I 

HAZARDS 

Rad 
Rad 

Rad 

Rad 

Rad 
Rad,Cbcm 

R4d 

Rad 

Rad 

Rad 
' 

Rad 

R.a4 
Rlld. Chem· 

:Rad 

R.ad.Chem 

Rad, Cbem 

Rad 

R.ad,Cbem 

·j 

·~ : COMI\tl!NTS, AND 

CONST. TENTATJVE. 
INVENTORY lYPE 

PENDING 
VElUFlCATION 

l 
3 Cooling Tower 

2 

2 I 

l 
.:! ! 

2 . Nitric acid, fuming 
(6,484 lbs.), 

hy drochlc;>ric acid 
(3,130 lbs.), 

hydrofl~oric acid 48 to 
.. 51% (490lbs.) 

1 
2 

J 

2 

. 2 

3 Exposes 16 lo 205 

2 

3 Exposes 16 to 205 

2 
-· 

::! 

:.! 
- - - ' ... - - . -·-

3 

:.! Ni~ric acid (406lbs.) 
--- .. -

~ -- .... ., 
Outside rad storage - .. -

:! 
.. ·-· ..,. 

Hydrochloric acid 
. (483 lbs.) 

3 

3 . Exposes 46 to 75 

2 ; Sulfuric acid 14% 
(2,400 lbs.), hydrogen 

fluoride solution 
(663 lbs.), chlorine 

(223 lbs.) · 

I 
I 
I 
I 
I 

I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I ..... 
I 

I 
I 
I . 

I 
G-113 . 
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TABLE G.S.4.4-3--Evaluation of Vulnerability ofLANL Buildings to Wildfire-Continued 

-~ : COMMENTS, AND 

TECHNICAL WILDLAND Nl.JCLEAR CONST. 1ENTATIVE 

AREA 
BUR..DJNG RISK FACU..ITY 

HAZARDS TYPE lNVENTORY 
PENDING 

'• '· VERIFICATION . 

TA-48 45 Moderate No Rad,Chem 2 Nitric acid (1,812lbs.), 
hydrochloric acid 

(545 lbs.), hydrofluon~ 
acid (23 lbs.). Bldg. not 

in LAN!. 1998a .. 
TA-SI 11 Modcr.te No Rad 2 

TA-51 12 Moderate No Rad 2 

TA-53 1 Moderate No Rad 2 

TA-53 3 ·Moderate No Rad. Chern '2 

TA-53 Rad Waste Mpderate No I . Rad l. 
Lagoon 

.. 

TA-S4 · 153 •. Moderate No. Rad 3: 
·-

TA-54 21S Moderat¢ No Rad 3 
·-TA~S4 224 Moderate No Rad 3 

TA 54 226 ~..-.A. te No i Rad 3 

TA-54 · 229 \~·· No Rad 3 
TA-54 23Q (High) No Rad 3 

TA-54 23l. ~te No 
-

Rad. 3 

TA-54 232 Moderate No Rad 3 

TA-54 283 11>1~ te 
~~·"'\· No R.ad 3 

TA-54 33 \High/ No Rad 3 

TA-S4 4.8 MOdcr.te No Rad 3 

TA-54 . ~9. Moderate No Rad 3 
TA-54 lvea G, Modonte No Rad 3 

Pad2 ! 
TA-SS 107. ... No 

·.·-

;r-'-:"' ...... i 3 . . 

TA-59 - H8 \.J.Ii'lm..} . No 3 
.. 

···-
,TA-59 119 \ Hish) No 3 

IITA-59 32133/34 . ,.~te No 3 &n........,. • ..,, 

TA-59 .35136137 Moderate No 3 

Notes: For oonstruction type, 0 • Underground, 1 "' Noncombustiblc:/Windowless,.2 =Noncombustible, 3 ... Combustible . 

. _ -•: ~ 

0-114 
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TABLE G.5.4.4-+-Finar Vlf.lnerabi/ity and Consequence Assessment of ~11ilding Wildfires 
--- --· -- .- - -- ·-· ~- - -·- - -

TECHNICAL 
BLDG. NO. 

FACILITY COJ\IMENTS SWEIS ASSESSMENT 
AREA NAME 

TA-02. 4. Laboratory · . Fonner facility Manager slated that no residual Eliminated based on no residu.al contamination or 
Storage contamination cxi sts in this building, and it would no1 inventories. 

Building, OWR add contaminants· to the plume during a wildfire. 

T/\-02 44 Laboratmy · Fonner Facilizy Manager stated tbat two resin No data available and therefore could not be 
Storage CKChange oolumns existin this building, and" samples analyzed. Public expmmres from the small inventory 

Building OWR could be collected and analyzed to determine the would be bounded by other bui~.ding fires. Facility is 
amount of contamination that currently remains in the scheduled for disposal 

_ion exchange columns. He indicated ~at the · 
remaining oontam1nation would~ very small and 

may contain cobaU-60. 

TA--02 1 Omega West· Fonner Facility Manager stated that reactor systems Fuel has been removed; Reactor 1s in the process of 
Reactor (OWR) were flushed and analyzed as part of the completing any decontamination and 

decontamination and decommissioning JlroCCRS.. the decommissioning activjties; eliminated based on no 
~oling systems are d!)', the reactor vessel or housing .wildfire risk to inventory 
is still radioactive, bn1 is encased in a stainless steel 

vessel·that should not bum. 

TA-03 66/451 Sigma Building · 130 kg of fines in oil. plus 100 electrodes. each The maximum dose from the inventory of 65,000 kg 
l/4 inch thick by 8 inch b)• 4 ft. long. R:enia.inder of calculated for this soenario was 3.0 x 10·5 rem 50 yr. 
65,000 kg of DU is in fixed storage cabinets of 1 12 committed effective dose equivalent (EDE) at 

·. hour fire resistance. All material is in the basement. . approximately 10 km from the release point 

. l!lfonnation from facility walkdown conducted by (Young 1998) . 

GRAM; Inc. (Garvey 1998) nilric acid, fwning · Chemicals below grade level and not likely to be 
(6.484lbs.), hydrochloric acid (3,130 lbs.). · affected by ~ire. 

hydrofluorjc acid 48 to 51% (490 lbs.). . , 
TA-(}8 24 Isotope The facility is used onl)• intermittenth• for storage of Elimin~ted based on lhe intennittent use of the 

Building radioactive material; operations, in the event of a facilities 
wildfire. wou\~ not he conducted or wouid be 

lenninated and material would not be stofed in this 
·. facility. 

; 

TA-{)g 70 Nondestructive ... Eliminated based on the intennitlenl use of the 
Test 

.. 
facilities 
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'IECHNICAL 
AREA 

TA-15 

TA-15 

· TA-16 

TA-18 

·-
TA-21 

TA-21 

----·- -·--~---

TA-35 

' 

TAB:LE G.5.4.4-:-4-Final Vulnerability a11d Coiuequence, Assessment of Building Wiltlfires~Coutinued 

BLDG. NO. FACILITY ·coMMENTS SWEIS ASSESSMENT NAME 

203/213 PHERMEX There is no known residual contamtnation or Eliminated based on no residual contamination or 
Cavity Sheltu inventol)' of radioactive material in this buil<;fing. inventories 

313 Radiographic Radiation is only present when machine is operating. Eliminated based on no residual contamination or 
Support Con~te blocks surround equipment: therefore, 1he · inventori~s of radioactive material 

equipment would not be at risk in a wildfire. 

205 Weapons. 100 g. tritium in pro~ss; vault .storage: 60 g in tubs. · The maximum dose (MEl) was calculated as 0.25 rem 
Engineering 1.200 gin Lp-50 Conlainers .. at 4.KS .. km distance. Doses are less at shorter 

Tritium Facility 
Infonnation from facility walkdown conducted by 

distances due to the plume rise. The population dose 
(WETF) 

GRAM Inc: (Garvey 1998) March 2. 1 998 FSAR 
is 189 person-ri::m within lhe 80.5-kilometer 

available,.No SER. 
(50-mile) I!ldiUS. 

·. (Young 1998) . 
32 Critical· All three kivas are concrete construction, and Eliminated based on no wildfire risk lo llte 

Assembl}· materials are contained in a concrete vault within the inventories 
Building kivs.s. 

155 lntium Science 200 g tritiuni-. The RAD-OS aircrafl crash and fire accident 
.Test Assembly 

Infonnation from facility walkdown conducted by 
oonsequences from a 200 g release of tritium oxide 

(TSTA) 
GRAM Jnc. (Gatvey 1998). 

were 24 person-rem population exposure and mean 
.MEl dose of 0.01i rem at State R"Oad 5 (360m). 

These oousequen<lCS are 25% less under the Reduced .. 
Operations Alternative. 

,• 

209 Tritium Scie1~ce lOO g tritium Scaling of the RAD-05 aircraft crash and frre . 
· nnd 1::1bricution 

lnfonnatinn fmm facility walkdown conducted by 
accident consequences to a I 00 g.release of tritium in 

rucilil\' oxide fonn results in 12 person-rem populatiOR 
r 

: l C I RAM Inc. ((iun:c~· I tJ<JRl 
... 

I ~:xpu~urc 1md mcnn MEl dose of 0.006 rem at Route 

I . I 502 (360m). 

I k~ hcryllium, W His. boro;1 trichluritlc; 5 lhs. 
.. 

·~-··--· 

2ll ·lmJ!CI "Then! wouid be onl)' a very small dose, as 20 Ci is a 
Fahncatiu11 t:mlid}, H kg (solutions} cyanide; 3 lbs. diboranc. 3 l. IIJO lbc invento.ry of the RAD-05 ~ocidenl, and the 

fonnnl<lehyde, 4 lbs. metal carbonyJs, 171 1 n'ilric TA-3S sourceisfurtber from the townsite than is the 
acid, 1 lb. phosphene, 20 Ci tritium, 10 kg U-235 TA..:...21 source. The chemicB.l inventories are small 

Iufonnation from facHity walkdown conducted by 
and therefore not modeled. 

.. 
GAAM lnc. · (Garve}' 1998)~ 
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TECHNICAL 
·AREA 

TA-41 

TA-43 

TA-48 

TA-53 

TA-53 

TA-54 

TABLE G.S.4.4-4-Final Vulner~bility and Conseq.u~nce A~sessment of Building Wiltflires-Continued 
------ -·-

BLDG. NO. FACILITY 
COI\fl\IENTS SWEIS ASSESSMENT NAME· 

4 Expl;rimental Approximately 0.02 g tritium (about 200 Ci) as The RAD-OS aircraft crasb and fire accident 
Science · residuli,l contamination. consequences from a 200 g release of tritium in oxide 

t~boratory fonn at TA-21 were 24 person-rem population 
Building exposure and mean MBI dose of0.012 rem at Route 

502(360m) .. 

l Healfh 30 lit(liS fonnaldehyde Evaluated in tbe SWEIS earthquakes. The ERPG-2 
Research I in ormation from facility walk:down oonduc1ed by ancJ ERPG-3 distances were 0.17 and 0.1 miles (0.27 

·Laboratory and 0.)6 Jan). respectively. under oon9e'I'Vative GRAM, Inc. (Garvey 199H). 
daytime dispcmon conditions. The number of people 
expo~ to greater than ERPG-2 and ERPG-3 were 

11 and 6. respectively. 

1 RadioCbcmistzy See BJO.forTA-48,approved 3131197.' Disso1ving wing fire (Soensrio 2) 0.3 mrem at720 m, 
~aboratory Alpha wing frre is 5.4 mrem at 720 m or at the Royal 

,' Crest Trailer Park. The ~ole faciJity fire is 
0. 

postulated to be SOmrcm. Chemical exposures at this 
·location are less than ERPG-2. 

J Laboratoxy Eliminitcd based on unavailability of the small 
Accelerator 

0 • 
invcntozy to wildfire. per walkdown provjded by 

Building Cbris Del Signore 

3 Linear Eliminated b~ on unavailability of the small 
Accelerator inventmy to wildfire, per waJkdown provided by 
Building Chris Del Signore 

15.3, 224.226. Waste drum Evaluated in RAD-Q8. The consequences of the aircraft-initiated fire in , 
229,230. 231 •. prq1antion, RA~8 were 400 person-rem population ex~qsure, 1 

2.32, 2B3. 33, and domes '. and a mean MEl dose of22 rem at both White Rock I 
.. 48,49,and and Pajarito Road . 
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contains suspected inventories, pending 
verification. 

Public Exposures from Burning Buildings. 
Those building fires with integrated population 
and MEI inhalation exposure from burning 
buildings ·are also presented in summary 
Table G.5.4.4-5. Analyses already existed for 
some buildings in SARs and elsewhere in this 
SWEIS, such as the case for the aircraft crashes 
and fires in _TA-21 and TA-54, identified as 
RAD-OS and RA.D-()8. The exposures assume 
no sheltering inSide buildings or vehicles ~d 
that no protective aCtions are. taken by ·the 
individual at those locations. -Although Area G 
is not in the direct path of the fire, it borders a 

-canyon and could be victim to·a canyon=fire 
even in the absence of a site-wide fire. 
Therefore, it also has bec;:n included in th·e · 
wildfire analysis. The reader may . evaluate . 
the consequences of a partial site-wide wildfire 
and/or canyon fires by selecting individual 
canyons from summary ·Table G.S-4.4-2 and 
individual facilities from Table 0.5.4.4-4 for· 
summation. 

Vulnerable buildings and the outdoors in the 
fire path ·were screened for. their chemical 
inventories. No new inventories were found 
that were not available for the analysis of the 
site-Wide ·earthquake (sections G.S.4.l· and 
G.S.4.2). For tire-vulnerable facilities, the 
earthquake chemical results were accepted for 
.the site-wide fire. and entered into 
Table G.SA.4-4. Note . that, whereas the 
chemical releases in -the earthquake were at· 
ground level, the chemicals in the plume from 
the fire would be at higher elevations. and the 
concentrations at ground level would be m·uch 
less. 

Note that the meteorology used for dispersion in · 
the different SARs and_ for the radiological 
accidents RAD-OS and RAD-08 in this SWEIS 
are not the same as t~at posed for this wildfire. 
The SARs use more conservative dispersion 
with low wind speed and stable conditions and 
will have a higher dose than if they had used 
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wildfire meteorology. The wildfire has 
significantly- .str9nger wind and a neutral or 
unstable atmosphere, strongly affected by the 
fire itself. The SWEIS uses representative 
meteorology for an entire year and presents a 

. mean MEl (see?tion G.2.4). The representative 
meteorology includes winds blowing away from 
any receptor, and the full range of stabilities, 
weighted by frequency of occurrence. The 
wildfire meteorology would possibly result in 
the same dose to the .MEl and population as does 
the mean meteorology becaus~ it may be close 
to the annually typi~al stability and wind speed. 
It was concluded that. due to the· magnitude of 
the doses and the conservative assumptions in 

. the wildfire scenario, and the uncertainty of the 
population distribution during the fire, new 
calculations were not warranted for RAD--05 
and R.AD-08. 

There are no differences in wildfire frequency 
among ~e alternatives. The consequences do 
riot vary with alternatives, except that the 
inventory and consequences are reduced by 
25 pereent in RAD-OS under the ·Reduced 
Operations Alternative. 

J-opulation E:t.pos~res 

The folloyting infonnation on the exposed 
population- is based upon the . Los Alamos 
County Emergency Plan and the LANL Closure 
Plan (PC 1998£)~ In the event of a wildfire 
approaching from the south, LANL would begin 
evacuation of the southern area of LANL as 
soon as it: was detennined· that the fire.posed .. a 
threat, and proceed north with the evacuation. 
Personnel deemed essential •o · shutdown 
ope~tions would remain until such actions were 
completed. Some emergency response 
personnel and ~ecurity person~el would remain 
at aJl times in some areas. There are 10,200 
LANL employees (including contractors), . of 
which approximately 4,000 live outside· of Lo"s : 
Alamos County and 6,200 within Los Alamos 
County. The main hill-Road _502 will evacuate 
800 cars per hour, arid the compin~ti of the 
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661451 
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209 
.. 
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)53, 224. 226. 229, 
230,231,232, 283,. 
33,4S,49, P.ad·2 

lABLE G.5.4.4-5-Consequence.Summary for &dlding Fire5 

FAcn..ITY NAME SWEIS ASSESSMENT 

Sigma Building The maxiin·um dose calculated for this scenario was 3 x to·s rem SOyt: tommitted effective 
dose equivalent (EDE) at approximately 10 km from the release point. 

Weapons Engineering The maximum dose (MEl) w~s cal~lated as 0.25 ~ at 4.85-km distanoe. Doses are less 
Tritium Facility at shorter distances due to the plume riSe. The population dose is 189person-rem within the 

80.5-km (SO-mile) radius. 
~ . : . 

Tritium Scicnoe Test Release of 200 grams of tritium o'leide, resulijng in popwation dose of24 person-rem, and a 
Assembly (TSTA) mean MEI do~ of0.012 mn at State Road 502 (360 meters). The:se consequences are 25% 

less under the Reduced Operations Alternative. 

. Tritium Science and MEl dose of 0.006 rem at State Rolid ~.02 (360 meters) and 12 person-rem population dose . 
Fabrication Facility 

Health Resea~ Laboratory ERPG-2 and ERPG-3 di&tances are 0.17 and 0.1 miles (0.27 and 0.16 km) respectively .. 
The number of people exposed tQ fonnatdehyde .at greater than BRPQ-2. and ERPG-3 are 

.. llBnd 6. respeotiveJy. 
· · Radioohcm.istcy LaboratOI)' · MEl dose from the entire building fll'C js SOmmn at the Royal Crest Tn1ler P111k 

ChcOt~ expOSures~ this locdio.u are less than ERPG-2. 

Wallfe Drum Preparation. Total population exposure 400 ~-rc;:zn,.and mcan MEl of 22 rem at both White Rock 
anddom~ an~ Pajarito Road. 
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East Jemez and Pajarito roads will evacuate 
another 800 cars per hour. 

In a realistic scenario, evacuation of the town 
begins when the fire is well into the LANL site, 
but is impeded because of panic, accidents, and 
the very. limited . road system, including. the 
cloirure ofPajarito Road. Sotne fraction of the 
population refuses to leave, and a significant. 
number are relocated to the eastern edge of the 
town where there is less fuel load. Los Alamos 
has 11,500 resid~ts, and White Rock bas 8,000 
residents. Los Alamos Count)' estimates th~e 
are 2.4 people per family, and that 25 percent of 
the families will take two vehicles instead of 
one. . It is · accepted that the 6,200 LANL 
employees will all go home before evacuati~g .. 
the mesas. The 4,000 people living off the hill 
will take 1.2~ :flours to evacuate _at ~0 people 
per car in the absence of accidents. If all the 
employees go home first, the people living off 

· of-the hill may have cleared before the townsite 
begins. There would be 6,832 cars to leave the 
hill which would take 4.3 hours. This is· based 
on 2.4 people and the 2s perc~nt extra vehicies. 
It sho~dd also be noted that up to 1 0 percent of 
the people might refuse to evacuate. · 

Because the differing population density as a 
function of time cannot be predicted, the results 
of the MACCS calculations must be pre~ted . 
as exposures to the same populations and 
receptors aS used in the other ac:cident analyses. 
Under the conservative assumptions applied in 
this analysis. the collective population dose 
from the. wildfire consuming. ~uildings is 
estimated to be about 625 person-rem. ·ro this 
there may b~ added another SO person-rem to 
capture the minor exposures from burning 
vegetation and· from unidentified residual 
contamination in other buildings and 

. vegetation. Most ofthis dose, about 75 percent. 
.would come· from · the TA-54 Waste 
Management Complex. A population exposure 
of 675 person-rem would be expected to result 
in 0.34 excess LCFs. 

G-120 
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EfTe(!ts on Workers 

All threatened. workers would be evacuated 
prior to arrival of the fire front. Aircraft crashes 
with fatalities have occurred while dropping 
slurry on wildfires. Firefighters on the ground 
are at risk if they enter an area without em 
alternate escape route, and there h·ave been 
historical fatalities from such events. However 
because life safety is given first priority ove; 
protection of property at LANL, it is not likely 
that there will be worker fatalities. Some 
firefighters and othe% emergency personnel are 
likely to have significant but transient effects 
from smoke inhalation. · 

Ancillary Environme~~al Effe~ts 

Firewater. Firewater (water used in fighting 
builcling fires) at nonnuclear. facilities is 
captured by outdoor containment and temporary 
dikes erected for fire fighting. Firewater at 
nuclear facilities is captured by the drain system 
and is sent · to TA-50 for processing. 
Conceival;lly, some radioactively contaminated 
water could reach the outdoor environment, hut. 

· would be of such small volume that it would not 
leave the building environs. Resultant 
contaminated soil-would be eroded, pending the 
return of vegetative cover.. As with other 
contaminate~ soils. the environmental and 
human health threat froin the new 
contamination would be assessed and mitigated. 

Loss of ·protective Cover~ The charred plant 
remains following a severe wild~re are the only 
immediate · visllal · consequences. : The · 
consequences of a wildfire are diverse. 
continuing through time and space. and 
frequently having . significant changes in 
geomorphology and biological communities 

. and p~~esses. LANL is perhaps uWque .i;q~ '\ 
potential consequences. because in addition to a 
rich .presence of biological communitie.s and 
cultural·remains and resources. there exists soil 
bearing· legacy contaminants. from historical 
operations. 
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Trees, grass and herbaceous cover, and forest 
litter are important features in stabilizing soils 
by: (1) reducing the velocity and impact of 
falling raindrops; (2) reducing the velocity of 
runoff, thereby encouraging infiltration and 
discouraging its transport by water and wind; 
and (U reducing runoff .quantities. Loss of 
vegetative cover will create a seuing that can 
have pronounced effects on flow dynamics, soil 
erosion, and sediment deposition. These 
changes also can have significant ramifications 
for plant and animal communities. and cultural 
resources. 

. Runoff, SoU Erosion, and Sedimentation. 
Without a protective ground cover, runoff 
quantities and velocities wiU be magnified, and 
soil ·erosion ·by water and wind will begin. 
immedia~e)y. Contributing to this condition will 
be the. likely fonnation ofan ash layer·that will 
inhibit the infiltration of runoff. . Decreased 
infiltration will increase the quantity and 
velocity of suifape runoff, promoting higher 
channel volumes and· watershed discharges. 
These higher runoff quantities will be 
discharged into the Rio Grande where they will 
con.tribute to the overall floodwater storage of 
Cochiti .Lake. Modified hydrologic conditions 
likely will cause some watercourses that have 
only rarely had sufficient flows to reach the Rio 
Grande to in<?rease their frequency of discharge. 

Commensurate with higher runoff quantities 
and velocities will be an increase in soil erosion. 
Sheetflow · will begin. transporting soil 
suspended by rainfall droplet impact. Both rill 
and gullying will begin on sloping grmmd 
su.rfaces with the first significant. rainfall event. 
Higher channel volumes and velocities will 
promote both downward and lateral scouring .of . 

. channels in the steeper portions of the walershed 
.and sediment depositiQn in the lower .portions .. 
(These conditions depend on quantity of runoff 
discharges and resulting changes in channel . 
hydraulics.) Headcutting · "wiit· increllSC .· 
throughout the channel system. Deltafonnation 
will increase at the confluence of watercourSes 
tributary to the Rio Grande, and added sediment 
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will contribute to the depletion of the sediment 
reserve of Cochiti Lake. 

. . 
The gradual estabJishri-teJtt of ground cover will 
correspondingly retard soil erosion and a more 
stabilized hydrologic regime will return. 

EfTetts on Legacy Contaminants. : Active 
erosion processes have moved some 
contaminants bound to sediment from the 
watershed into the Rio Grande, mainly as 
suspended sediment and bedload sediment. 
Conversely, many· of the remaining legacy 
contaminants at LANL are present in situ. or 
have n01 been transported far from their origin· 
or remain on site. Water. transport is a major 
mechanism for the transport of contaminants 
b~th in· the dissolved and .suspended sediment 

. phases. Because vegetation acts to hold soil and· 
reduce erosion, its loss (however short. term) 
may significantly . increase the potential for 
erosion and the transportation of contaminants. 
Some water ·courses have only rarely had 
sufficient flow to reach the Rio .Grande, and · 
because of this they have become "discharge 
sinks" for some contaminants. Increases in 
runoff.amounts and frequency will increase the 
potential to remove and transport contaminants 

. from the ground · surface and subsurface and 
stream channels on LANL into the Rio Grande 

. and downstream to Cochiti Lake. 

Effects on Biological Systems. · Although fire 
is· a natural part of biological systems, 
anthropogenic influences such as grazing, 
Jogging, and fire suppression have produced 
conditions that have pronounced adverse effects 
on forest eoosystems. Natural high~frequency, 
low intensity fire regimes h.ave been replace4 
with low-frequency. high-intenshy fires. that 
consume a higher percentage of vegetation. As 
reflected in other nearby areas that have 
experienced severe wildfires in the past (e.g.,·. 

. Water Canyon, La Mesa,. Dome, and Oso 
Complex fires), a wildfire at.LANL "\vill.result 
in a period of disequilibrium with a reversion to . 
early seral development and a corresponding· 
change in animal use (Allen 1996). Fire debris, 
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fallen trees. and needle cast will gradually begin 
to check erosion and develop soil conditions 
that will promote the establishment of grasses 
' i herbaceous vegetation that will in tum 
funher reduce erosion. This gmdual re­
establishment of ground cover will begin the 
dynamic process of seral progression toward a 
wooded or forested plant community. 

A loss of forest or woodland habitat will result 
in a temporary loss of habitat for a broad 
sp~ctrum· of animals .. _As vegetation is re­
established an altered community of animal 
species will follow, its ~ompositiori changing 
with the evol~tion of the plant coPlmunity. The . 
pattern of burned vegetation. will play a 

·significant role in r~n~ed wildlife use. Early 
plant communities ·of grasses and herbaceous 
growth can have a high biomass and· species 
diversity as exhibited by nearby areas affected · 
by recent wildfires. This expansion of grass and 
herbaceous growth could provide additional 
forage for the large elk population in and around 
LANL and contribute to existing management 
concerns. 

Impacts on threatened and endangered species 
(e:g .• the Mexican spotte<fowl) will depend on 
several factors such as the bum pattern, the time 
of day that the bum occurs, the type .of fire, 
topography, .md · if· nesting . is occurring. 
Threatened and. endangered _species have 
remained or returned to nearby· areas that have 

· experienced recent bums. Some specie', such 
as the peregrine falcon, could benefit through 
impr9ved foraging habitat Individual response 
to fire also will vary. Perhaps the most 
significant impact to threa.~ened and endangered 
species precipitated by a wildfi_re could be the 
general. disturbance caused by the fire fighting 
effort itself (e.g., fire·· fighting crews, aircrat\ 
and vehicular traffic):-

· As discussed ,- previously, increased runoff 
discharges will result in a commensurate 
increase in channel scouring, enlargement, and 
headcutring. · This process and any · 
accompanying sedimentation will have the 
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potential to degrade or remove the limited 
riparian vegetation on LANL. Wetlands 
associated with Water courses also would be 
affected, and perhaps several would be removec: 
for a period of time because of changes in 
channel morphology. With the degradation of 
riparian vegetation and wetlands ·wo4ld be. an 
associated reduction or loss of habitat for a 
variety of invertebrates, small and large 
mammals, amphibians. reptiles, and a :~iversicy 
of birds. 

Any imps :. of contaminants trarisported to· 

downstream riverine and lacustrine eco$ystems 
is unknown, but there could potentially be an . 
increase in ecological risk. 

· EfTe~ts · on Cultural Resources~ · LANL is 
located in a region of abundant and culturally. 
significant prehistoric ·and historic resources, · 
including traditional cultural ·pro: ~lies. As 
stated, fire is a nonnal feature oft\;.~ landscape 
and has played and continues to play a •··ltural 
role in the culture of regional communities. 
Because of anthropogenic influences, the 

. char: ·.er of recent fires. will be different .from 
hi stu; ;C fires and will affect resources 
differently. Also, the need to protect property 
and life from wildfire will necessita[e measures 
that can affect cultural resources. 

As discussed, high intensity fires can bum an 
appreciable amount c)f ground cov~r and . 
accelerate erosion. Surface erosion can· 
physically disturb. surface features and confuse 
~d. distort the contextual integrity. of the site. 
More pronounced erosion in the fonn of gtilly 
fonnation and lateral bank cutting can 
pennanently remove site features. Also. a high 
intensity fire can scorch organic remains located 
near the ground . surface. decreasing. thei.r 
interpretive value; Historical structures can· · 
suffer through direct incineration. Damage to 
these resources also can occur as a consequence 
of vehicular traffic and mechanical disturbance , 
(e.g., bulldozers and fire trucks) and ·other soil. ·~ 
disturbing· activities connected V'ith the .~ 
firefighting effort. 
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Traditional cultural properties present on and 
adjacent to LANL include ceremonial and 
archaeological sites, natural features, ethno­
botanical sites, artisan material sites, and 
subsistence features. These resources are an 
integral part of the 1 andscape and almost 
certainly are and have been affected by natur~ 
fires. Because of the altCTed character of fires, 
these resources may be affected . to a greater 
extent. Depending on the characteristics of 
these properties, they could either be 
permanently or temporarily &ffected by a 
wildfire and its subsequent ancillary effects 
(e.g., erosion). 

Mitigation 

The next fire season begins in Aprill999.·. As _a 
result of the process of this accident analysis, 
acti.ons were initiated to reduce the wildfire risk 

. to major facilities with significant radiological 
inventories. Specifically, considerations were 
given to reducing the risk to low or very low for 
the following facilities: · 

• 
·.; 

• 

• 

• 

TA;....3 Building 66/451, Sigma 
TA--54 (Area·G) Pads 
TA-21 Building 209, Tritium Science and 
Fabrication Facility (TSFF) · 

TA-21 Building 155, Tritium Storage and 
Test Assembly (TSTA) · 
TA-16 Building :ios/205A. Weapons 
Engineering Tritium Facility (WBTF). 

Nevertheless, the public exposure from these 
. specific facilities has been included in this 
wildfire analysis .. With the conipletion of these 
actions, the population dose· from site .. wide · 
wildfire would be reduced from ~ul estimated · 
6?5 person-rem to 50 person-rem, with 
associated 0.25 exc~. LCF. In addition. 
although no credit is taken for it in l}Us analysis, 
the long-tenn · environmental restoration . of 
contaminated shes will reduce airborne nuclides 
suspended by vegetation fires over those sites. . 

.. 

. There also is· ·an ongoing,. interagency, 
collaborative program to reduce the threat of 

. . . 

FAX:505 845 4879 PAGE 28 

Accident Analysis 

catasuophic wildfire from occurring at LANL 
and the townsite by thinning and removing 
vegetation at the . _perimeter and in the 
surrounding Santa Fe :National Forest and 
Bandelier National Monument. This will 
reduce the frequency and intensity of wildfires 
that COl:Jld impinge on LANL. 

Uncertainties 

The frequency of wildfire impinging on LANL 
was estimated as 0.1 per year under the current 

. fuel conditions in the surrounding forest and · 
perimeter. rrus frequency inclu4es wildfires 
approaching from ·the north through west and 
south. When fire ~nters LANL or originates 
from within LANL, there are numerous eredible 
scenario~ most of which consume less of the 
LANL area than is covered· in this· analysis. 
Specifically, this analysis presumes that ~e fire 
jumps the Pajarito Road or any other established. 
control iine, spots or otherwise bums into all 
contaminated canyons, and successfully climbs 
canyon walls to ignite combus~ble buildings 
with moderate and higher wildfire vulnerability. 
The frequency of such a site-wide fire is surely . 
less .than 0.1 per year. The consequences of a 
complete burning of the western portion of 
LANL are presented in· accord with the 

· conserv·ative namre of this SWEIS as a whole. 

The plume rise calculated by "OBODM in the · 
canyon fires is likely to be much less than that· 
which· would actually occur resulting in lower 
doses at a distance of 330 and .3,300 feet (100 
and 1,000 meters). This analysis used·only the 
hea~ content of the fuel over the contaminated 
area; whereas. there is much fuel to the sides of 
the fire, and the combined heat would loft the 

. plume thousands of feet. The observed 
eonvection columns ·in the past major forest 
fires would carry most contaminants far above 
the breathing zone of dawnwirtd individuals:· 

The wind speed used for dispersion of. airborne 
material from the contaminated site fires was 

· only 2 meters per second, which is probably less 
than would occur during a wildfire. The doses 
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are inversely proportional to the wind speed, 
such that if the observed wind were 6 meters per 
second, the dose would be l/3 that calculated. 

The fraction of the suspended contaminant that 
is respirable (less than 10 micrometers 

·equivalent aerodynamic diameter) is unknoWn. 
According to Section 0.5 of the PAIUlT EIS, · 
the uranium in the soil is not all respirable. The 
particle size of the airborne soil contamination 
is likely to be large because the contaminants 
will be attached to soil particles preceeding the 
fire and to soil an4 smoke p8.fti:cles in the plume. 
Because the airborne contaminant particle size 
is unknown, an RF of 1.0 is assumed. This is 
very .conseiVative. 

The White -Rock and Santa Fe population is 
included in the MACCS calculations. The 
additional MACCS calculations for WETF and 
Sigma made for this wildfire analysis used the 
winds observed June 7 to 10, 1998, which are 
toward the Los Alamo$ townsite; whereas, the 
previous calculations for the other facilities 
·used representative annual meteorology from 
1995 (as described in section 0.2.4). Because 
population is not evenly distributed about these 
sources, there would be a .difference in the 
integrated population dose (i.e., in the person­
rem) depenc:Ung upon the meteorology used. 
Because the source inventories at the buildings 
vulnerable to wildfire do not vary significantly 
among altemati ves. this does not affect the 
decision.· (The inventory· at TSTA is reduced by . 
25 percent. under the Reduced . Operations 
Alternative.) 

The model calculations for dispersion of the 
plumes. for canyon sources several and. more 
kilometers long, are most uncertain. The source 
was input as a volume having the dh:nensions of. 
the width and.lerigth of the contaminated area, 

. oriented along the ¢s of the wind direction. 
Differences in concentration.s ·downwind are 
noted if the source is entered as a volume source 
versus. a line SOurce. The ~Odel also objects to 
a burning. time longer than 60 minuies, and was· 
manipulated into accepting these extensively 
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long volumes and longer bum times. The 
60-minute limi~ti9n in the model is likely 
intended to prevent the user from exceeding the 
bounds of experimental data, most of which is 
for 10 to 30 minute releases. There are no field 
experiment data to which the canyon results can 
be compared. · However unceruiln, · the 
radiological exposures predicted for the canyon 
fires are orders of magnitude less ·than the 
l 00 mrem annual limit for public exposure from 
routine releases. 

·rt has been estimated that there would be " 
50 person-rem from burning or' buildings .with 

· . residual-contamination and from identified and . 
unidentified contaminated soil/vegetation areas. 
This is a number not supported or disputed by 
hard data. and . is believed to be very 
conserVative. 

There are no release fractions available for 
radionuclides other than plutonium and 
uranium. For consistency only, the ARF x RF · 
of 4 x 104 for uranium was also used 
for plutonium, americium, and cesium in 
contaminated soils, which. is conservative for· - . 
plutonium by a factor of 7. and therefore, 
overestimates th~ bounding doses for mixed 
nuclides andTRU In Table G.SA.4-2 by this 
factor" 

There is no ready evidence that burning of the. 
vegetation over the firing sites would produce 
detectable airborne DU. The U.S. Army tested 
DU projectiles at the Jefferson Proving Ground. 
releasing SO metric tonnes of uranium iri :a 
4 year period, ofvihich 45.5 metric tonnes were 
not recovered from the area. Special samples 
showed that most of the DU was on or near the 
sud'ace. The vegetative undergrowth was 
regularly_ controlled through burning, at· which 

. time high volume particulate air samples ·were 
collected. Analyses of the air samples did not 
detect any DU ·(Abbott 1988). ·For DU . 
munitions in an intense wood-fuel oil fire 
~uming for 2 hours, no airborne DU was · 

. collected in the air samplers a:t various distances 
out to 328. yards (100 meters), and 0:01 "of 0 
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residual oxides was in the respirable size range 
(DOE 1994d). 

The :MEl and population doses do not take credit 
for sheltering in vehicles or buildings, which 
will easily reduce doses to 1/2 to 1/20 of that 
outdoors (Engelmann 1990, Engelmann et al. 
1991). It.· should be noted that airborne 
contamination will be in the smoke, which 
people are inclined to avoid. 

About 400 person-rem, or 75 percent of the. total 
population exposure of 675 person·-rem, results 
from a wildfire ~t TA-54. The results from 
RA.D-08, ·an aircraft ·crash-initiated fire at 
TA:_54, were used for the wildfir~: The two 
fires would be quire· different. one entailing 
aircraft fuel that will challenge waste 
containers. At present, the combustible ]pading 
within th~ dome structures is .sma:Jl. so that. 
R.:AD-{)8 results very conservatively bound the 
consequen~~ of a wildfi~e at TA-54. 

Another 189 person-rem results from total 
release of the tritium inventory at WETF, 
including 1,260 grams. in storage, which is 
assumed to boun.d an increased. administrative 
limit that may be established. The storage 
containers are resistant to fire, but have been 
assumed to release their entire content in 
tritiated water form, in accord with the highly 
~onservative nature of:this analysis: 

G.5.5 Chemical Accidents 

G.S.S.l . CHEM-01, Single Cylinder 
. Release of Chlorinefr/Jm 
Potable Water Chlorinator 

General Scenario Description 

·Accident scenario CHEM-0 1· postulates a 
chlorine gas leak from a single cylinder at a 
potable wat¢r chlorination station .. Th~ accident 
is initiated by equipment failure or human error 
during· chlorine cylinder replacement or 
maintenance activities at the chlorinator station. 
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Accidenz Analysis 

Two, !50-pound chlorine cylinders are 
connected to the injector system, which adds a 
small amount of.ch!orine to the potable water 
system for purificatfon purposes. 

The scenario is modeled as occurring at 
TA-00-1109, which is a site in the town oflos 
Alamos north ofthe high school. This location· 
is one of nine chlorinator sites located around 
LANL and the town; the other locations are 
TA-00-!110, TA-00-1113, TA-<>0-1114, 
TA-16-560, TA-33-200, TA-54-1008 . . ' 
TA-72-3, and TA-73-9 .. TA-<>o-1109 was 
selected as the modeling location based on its 
proximity to residential housing and speCial 
populations, and prC?vides an upper bound 
estimate of the potential impacts to the public. 
(It should be noted th~t a study is being . 
conducted .by LANL to evaluate the conver-sion. 
of· the chlorinator .systems fro~ a . gaseous 
chlorine system to a Jess hazardous MIOX · 
system that hydrolyzes brine to· produce 

·chlorine on site. In addition, negotiations are in 
progress that could· lead to the chlorinator 
system being turned over to Los Alamos 
County.) · 

CHEM--01 Release Mechanisms 

Chlorine usage has been estimated for the four 
SWEJS alternatives. v.ith an average of seven to 
nine cylinders u~ed per year at ~h of 'the 
potable water chlorinator stations.· The 
chlorinator system at TA-00-1109 is a 
sweetener station that actually ~ses only two to 
three cylinders per· year Hence, it is 
conservative to model the station use rate at 

·seven to nine cylinders.per year. depending on 
the ·alternative. 

Three leakage rates were defined for this event. 
The smallest leak is essentially a pin-hole leak 
that would result from· random equipment 
failures. or human errors. The n~ leak 
considered as a valve failure,. which would open 
a 0.25-inch (0.64..Centimeter) diameter hole in 
the cylinder pressure boundary. Finally, a 
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