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by~KRt:mom.n>U.MSM~LA·t.'R.Q'l·l~.~~~t.abotatory.~~ 

Rlmdtl1l R~. ~And Compmy. Lea~ .and 
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'Tht" C.mo Grande fire in ~~a la~e area in the east• 
~ Jemez Mountains. Los Alamos townsitt'. and on ~ 
Alamor. N.ltional Labcmltory (l.A.'\,1.) land (SA'ER. ~). 
B«auw of the potentW for l.a~e fle>oih ~~t«! in the 
upper portion.o; of burned watenhed:r. to ~e and trans-port 
contamiNted 5«1im~ts in the anvon.,, tht- l.lboratorv is 
implem~ting a comprehensivt' wmpling: and monitoring 
t>ffort to charact«mze ~ unpo~ct.s of flooc:hng. Tile main P'\1~"
f'O!Ie of theo sampling ir. to obtain data to ~aluatt' tM- imp•~ 
etf post-fire floods on !>4!'Ctimcmtt;, s.oils, surface and storm 
w.atttr,alluvial ground water. and biota. This infon:n.at:aon will 
bt." u~ to as~nS human health and ~ological risk tor area~ 
that are aff~ed bv the floocU. Data will.U...a be w.ed to docu· 
mt"nt changes in the spatial datribution of ~ting contami
n.lnt invcmtorie!> and conC"e"ntrations (e.g.. ReMau f!'t .U.. 19'18: 
Katzman l."t al., '!999) as a function of ~ion and deposition of 
!M!'diments and changing hydrology withul aff~tod water
shf'CI~ 

The initiAl sampling effort (OCUS«i on the collection of a!>h 
and muck (post-fire sed.imen~ that are dotninattd bv 
reworked ash) from l~tions west of ~laboratory. The loea· 
tion!J Wt"''e selectl'd to be rep~ta tivt' of background condi
tions u~tream of known laboratory relea.'On and predomi• 
nantly upwind from air!xlme relea!ie from stac:k.<t at the labQ. 
r;s~ory fadlitie. A.<~h and muck wmple!> w~alsoeoU~I!d in 
thl!' Vivea!lh fire area (neu Pf'Cos, New Mexico) !or com pari
liOn. Tht' ash is com~ of the concentrated remaitu of 
bumed veg~tion and foret.t littttr (pine, fir. spruct' ntedles • 
and It-aves), and non·flAmmable, non-volatile con.<~tituents like 
minttrals and mt'tal5 (including radioac:tive elt'ITienb). Some 
~archers have U5f:d tree-ring aNlysLo; to quantify the tUning 
and magnitude of radionudide uptake from locations around 
the world (e.g., Carrec t't al., 1995). Thu.o;, it was expectt'd that 
d..-tf'Ctable raclionuclidec:onceonrrations associated with global 
fallout from abov~und nuclear tt"!!ting conducted primarily 
in the 1950s and 1960s would bepm.entand likely concentrat
ed in the' a1h. The data from the ash and muck samples are 
important for interpreting coneentrations of ndlonudides that 
may be p~t in !iotorm runoff and r.ecliment dt"??5its, and are 
nea,.'S.\Al)' for distinguishing fire-related corutiruents in storm 
water and sedimmts trom legacy-contamination in anyons 
on t~ laboratory. The ash and muck data provide <l nec:est~ary 
po!it·fire bast>line to !lupport the as~sment of potentiAl 
1m pacts to tht' laboratory and otfsite (e.g •• the Rio Grande and 
Cochiti Reservoir5o) from fi.J'to.related contaminant., found in 
fltorm nmoff • 

An Interagency Flood Risk All!leS!Iment Team CtFRAn con• 
sittting primarily of representatives o( the New Medco 
Environm.mt Department, I.oll Alamo!> National Laboratory, 
the Nt?W Mexico Departmf'T\t of Health, tht' Environmental 
Prott'Ction A~~ncy, tht- Unlvm~ity of New Mexico Cmter for 
Population He01lth, <lnd the Department of Energy are org:m
ized to e•\'aluate the data in tht- context of ri~k and communi
cate that inforTnAtion to the public via prt'll!i rdcar.cs, the inter
nt't, and public ml!'t'ti.ngs. 

Expected Hydrologic and Geomorphic Effects 
Theo Cerro Crandc fire proch.u:ed significant hvdrologic: 

change~> to 1.1rge portions of !ie\'eral watmhed.tt abovt- the lab
Ciratory (BAER.lOOO). The!oe hydrologic: cllange5 are prim."rilv 
due to altemi ~U conditions in the burnt'CI a~as. J..ooo.~ of plant 
cover 01nd fort!!lt litter, dev~lopment of ash covm, and locally 

extmne water-rept>ll~t (hydrophobic) ~il conditiom. have 
sre.atly m1uo:d infiltration rate on ~lope. Under"~ 
cond.itiON, J't'duced infiltration nte prod~ectteuocly rapid 
r.urfa<:t' NnOff especi.ally during thundftStot"':tlS,. tnobil.i.nng 
uh. eroding ~urtace soils. and repeatedly ~ring ~ 
flood. .. in the anvons. 'The 1977 La Me.. brr .md w 1996· 
~fire. which' bum«!. large p.utor. of~ Frijol~ Cmyon 
and upulln Canyon watershed.s. ~-wly. providec.un-
ple!> ot expected hyd.rolo¢c and ge-omorphic- reospcmse of 
watenMd.tt to~ Cerro Grande fue Pe:sk ~·fire. tlood ~ 
~ in ~ eanyo~ WeTE" up to 100 ~ highft- thm 
befo~ the ~. and the m05t I!'Xtrt'me df«tJ. occurred in the 
ti~t : vean after the fi~ (V~w. 1999). 'The ftf~ of 
!loociin'g can include ~i-w bank ~on and./ or vertiol 
incision. c:~~tly rrrnobilizing l.argpvolumes.of canyon 
floor ~ent. !lOme containing conu:atination (Fig. l). It i$ 
~ed that conta.m.in.ants. In any ~obili:ud wcl.i.Dw:nt 
would be mixed with largtt vol~ of unc:onwninated. Soedi
mo!nt dt"rived from th~ upper Wilt~ ~d from down .. 
s~arn reache, re!>ul ting in lower contaminant concentrations 
than in the original deposit:>. 

FICURE 1-l"hoto .nowtnK t.M v~cal incision and ~I wldenin~ 
ln u~ South Fork of I'llj.trito Canyon foUOW"ingwverali'PCent. mod
erlltto-inti!Nity atorma. 
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Results 
The box plots in fig.:. show th.tt conantrabons oi ~n:scn~
ti~ Ddionudides in cl:sh and muck are-grt'il~r tht1n p~firto 
b.Kkg:ound conaentr.ltions in soil and sediment de~rmi.n~ 
fur the Llbor:atory llrll!il (Ryti et .U.. 1998). Th~P"conomtr:ltion:l of 
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FIClJRE :-Box plot comparuon of concrntr.1tlona of tl-rw radionu· 
d.idft (C'r5ium•l37. plutoruum-:::19, :o10. t1nd ~trOntlum•Qfl). l"lolllllhow 
pft'OI'i~Y beckgrounci concentratioM In .ail .md wdim<fl" rat l..J\Nt. and 
~t-fi~Y •sh and. ~:nuck umpln from tM- Crtro CrandP and Vlvpallh .. ,.. ... 

.. 
NMUM&M~ 

c~ium-t3i and :>~trontium-90 in Vivcash aren ash and muck 
olre Similar to concentrations found in the c~ Grande fil\• 
area. su~porting ~hypothesis that the so~ of these cle\'ilt• 
ed con.o;rituent::t is atmosphericfallout. The conce-ntrations ut 
cesium-137 ilre nlso comparable to the values reported L'Y 
Ferb\"t' .md Hodgdon (1991) for s;~mples or 01sh trom wood cui· 
lccMd JCl0:15 the UnitE'd States. It i5 worth noting. howcn•r, 
that concentrntion.s of plutonium-239, ::-10 .31'11! greater il'l tlw 
CerTO Grnn~e fire !~iimple. Thus, it is possible that some <lt tlw 
plutoni.um-::39, :::40 ltll.!ilSUI't'd in c~ Grande .1Sh had ;, .. 
110urce .15 !ltil& emiSIIlOn." trom laboratorv faciliti~, whio,;h 
would explain a slightly gn!a~r con~ntration near ,.., .. 
Al01m~. 001ta pl"t'Viou:.ly n!pertcd by the labor.tt~•ty'., 
Environm~~l Surveill.lnceCroup support thi~ intcrpret.ltit•n 
by 5howmE; that l.lboratory ~rimete-r lOQnons have 3-*tinll"" 
the region.ll averOJSt' for plutonium·::::39, :40 (fl"'squez ~,.r .11., 
1~). 

Similar pattems are obwrved for metal:;, and the ~sit ·"'" 
muck s.~mplel' cont.tin ~atu concentrlltions of se\'et011 ln\•t.,l .. 
than measurt'd sn pre-hn: background !SOil 01nd !K'diment l'oolm• 
pit'S. The meta Ill most el~ated in the ash are tho!~<! tiM I '"'' 
reildily tnken up into plilnt tissue, including barium, m.m• 
~an~. ilnd QJcium. These relationships further ccmfirmth.tt 
the 50un:e for the eJ.~v01tcd concentration:; of most 01:-h o,;un· 
stituents is from the n•ttur:ll pi.'OCII!Ss oF uptilke into pl.1nho •'"'' 
concentration of non•fl&lmmable. non-vol.ltile c:on!ttihwnl• 
dunns the fire. 

Conclusions 
Th~ finding!; are important for unden~tanding the ~o•ff~o•o:t ul 
la~. post·f~ tloods on the transport and di:JX'Sitian ,,t' m•·•· 
al:s and radionuclidc."5 that are present as contamin,mt .. iu 
anyons draining the l.:~bor;~tary. Concentrations of iilll••nt 
rad.1onuclid~ and metals trilnsport~ In floods ~ohuul.t 
decrea:w.- over time a& ash is stripped from the slo~ in th•• 
upp~r Wilter:\heds. In som~e anyons, depo11ition of mu.:k \1111 .. 
ing tlooding will leave a radionuclide and metal ln,•o:ntut'\' 
highll!r than existed ~fore the fire, and much of the .. c~mt.H•u 
nation M transporred to the Rio c~nde may be unrela 11.-d tu ( ho• 
laboratory. Rlsk aSI!iC!ISOrs should not. how«!ver, disc:rimin.th• 
between sources of contamination in their ns!k.~nh'nl .. 
b«au!le the potenti.U e(fectll of exposure to radionuc:li~1~,.,. ''"'' 
met.als are tl'l'ellpective of their source. Knowledge oi lh•· 
!!oOurc:e oi contamin.ltion primarily guidll!'!t the n.1ture nnd ,.,..,, • 
tion of potentl.ll mitigation measure. 
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