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Mr. Ted Taylor 
Department of Ener 

LosAlamos, NM 87545 
Los Alamos Area 0 P ice, MS A316 

SUBJECT: TRANSMITTAL OF THE MDA CORE DOCUMENT IN SUPPORT OF 
M99 PERFORMANCE MEASURE 8.3.1 

Dear Ted: 

Requirements of the Fiscal Year 1999 Contractual Performance Measures are defined 
in letter, T. Ta lor and J. Canepa to 7. Baca and D. Gurule, dated February 4,1999, 

as documented in letter, T. Ta lor and J. Canepa to T. Baca and 0, Gurule, dated 
ApriJ 21, 1999, (EM/ER:99-07&. Performance Measure 8.3.1 states, “Submit MDA 
Core Document to DOE by August 15,1999. Apply the MDA corrective acticln strategy 
at MOAS GI HI and L as documented in the multi-media RFI report forTA=54,,submitted 
to DOE-LAAO, by September I, 1999,” 

(EMIER: 99-0 l 3). Requirements for Performance Measure B,3.?. have been modified 

Insofar as August 15, 1999 occurred on a Sunday, the Environmental Restoration 
Project requested, and DOE-MA0 approved, that the submittal date for the MDA Core 
Document be changed to Monday, August 16, 1999, The electronic mail that 
documents this approval is attached. 

Please review this document and provideany comments by September 1,1939 to 
Deba Daymon, the MDA Focus Area Project Leader. I’d like to confirm m axpectation 

in scope resulting from discussions prior to finalizing Performance Measure B,3,1. 
Comments received by September I , 1999 will be incorporated into the final draft, 
which will be completed by the end of the fiscal year. 

that the MDA Core Document be reviewed as a first draft, given the signi Y ‘cant change 

If you have questions call Deba at 667-9021. 

Sincerely, 

JC/DD/d rn w hJanager 
Environmental Restoration 

An Equsl Opportunity EmplaysrlOperated by the Unhrsrslfy of Colttornla 
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Produced by the Material Disposal Areas Focus Area 

'Thle ropon wos preprod 08 un amunt  of wlk spon8orod by an a g m y  of the Unltsd Statue GovemmmL 
Neither the Rqsnla of the Unlvemlty of Calltornla, the Unltod Stntoa Govemmrnl nor any ogonq thoroof, 
nor any of fholr employees mako any warranty, sxpeoa or implled, or o~surno any l q a l  llablllty 01' 
raaponslblllly for tho accuracy, com~lotonoss, or uasfulwas of any lnlomt10n, apparatus, producz, or 
pmess dkdosed, Or nprosonl that Ita me would no1 lnfrlngr prlvatety owned rlgna. R e f e m  hereln to 
any speclflc cvmmarclal prduct, proeess, or servlco by ttocls name, Iradomark, m&nutactumr, or olhenvlae 
dose not necsaeartly Conatltuto or Imply Its endonemont, Ioc6mmondat10nl or fawrlng by me Rqpnta of 
tho Unhrorally of Calllornnln, tho Unltod States Govemrrtent or any agency thoreof. 

Loa AlOmCs Nabnal laborntory stronply supporh academk freedom and a m81~r~heta'rl0ht 10 iubllsh; a8 
an h 8 t l t U t ~ ,  hcwver, tho Laboratory d m  not endono the vlewpolnl of a p u ~ b t l o n  gc guarnnlm Its 
tochnkl COrroCtnoss. Oy OccoDmnce of fhls o&lo, tho publlahor rvcaQnltss tfmt tho US. Qwernmont 
ratalns a nonexdurhre, royalty-froo lkonao to publlsh or ropredu~a t h ~  publlahed lorn of mla mulbutlon. 
or to allow o m m  to do 00, for US. Government purposoa, Loa ALnmos Notlanal Laboratory roqutmsts that 
tho puMlahar Menlty lhla nrtlclo ns work prrlormod under tho auapba of me US. Departrmnt a1 Energy, 
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1.0 INTRODUCTION 

Botween 1945 and 1985, tho Los Alomos Natlonal Laboratory (MNL or the laboratory) disposed 
rodioactlvo ond hmrdous wosto in motorial disposal areas (MDAs), whlch am currently under 
investlgatlon as solid wnsto management units (SWMUs) Under the pumiew 61 the Laboratory's 
Environmental Restorntlon (ER) Project. There are 26 MDAs located across the 43-square-miio 
Laboratory campus. Tho MOAs have various Invontorles, Including liquids, sludgos, solids, liquid and 
volatile organic chemicals, nonnucloar oxploslves residues, and radioactlve compounds. Dlsposal of 
tho30 wostos was in accordanco wllh tho practlces at the tlmo howavor, mor0 proloctive regulatlons have 
slnce boen enactod to onsure that SWMUs do nor poso unaceeptoblo risko to human or ocological 
recoptors, olther now or In the futuro, At a natlonol lovol, the Harardous and Solld Waste Amondmens 
(HSWA) of the Rosouye Consorvation and Recovqry Act (RCRA) oufhoriros tho US Environmental 
Protoction Agency (EPA) to enforce correctlvo actlon for SWMUs, Locally, the Now Mexlco Hazardous 
Wnste Act provides this authority to tho Now Moxlco Environment Dlvlsion (NMED). 

Tho ER Projoct parforms correctlvo mlons at MDAs ond other SWMUs according to the terms of Module 
Vlll of the laboratory's hazardous wnsto permlt (the 'HSWA Module"), whlch was Issued to the 
Laboratory by tho NMED. Tho HSWA Module substontlally incorporates EPA's "Advunce Notlflcutlon of 
Proposed Rulomaklng; Correctlve Actions for Roleuses From Solid Wasto Monogoment Factlltles at 
Hazardous Waste Mnnogament Focilltles" (hareinattor referrod to as Subpart S). Subpart S provldes 
guidance on a natlonwlde basis for oddrossing correctlvo action ot SWMUs, descrlblng grndod 
requirements for RCRA facility 1nvos:lgotions ( AFls), correctlve measuros studles (CMS), and corrective 
moasuros implemontation (CMI). Tho MOAs Core Document descrlbos tho procoss dovelopod by tho ER 
Project io complete the RCRA corrective actlons at MDAs. 

In accordance wlth the ER Project's Intograted tochnicol strotogy (LANL 1999, 63524), corrective octlons 
at MDAs wlll, in gonernl, procood based on the priority of tho watershed aggrogato where ooch MDA 
oxists. Tho exception to this generality Is that tho correctlvo action process at MOA$ GI H, and L at 
Technical Aroa (TA) 54 will be inltioted ahead of other activities In the Lower Pajarlto nggrognte of the 
Pajarit@ watershed, The reason for Initiating tho corrective action process at MDAs G, H, and L ahead of 
schodule (relatlve to aggregato priority) Is that MOA G plays an important rolo in tho corroctlvo octlon 
process for other MDAs, and that rote is demonstrated uslng MOAS H and L as las t  CUSBB." 

1.1 Purpose 

Thls document establlshos tho procoss for Complotlng correctlve actlon at MOAS In accordanca with 
Subpart S, In general, RCRA carroctlvo 6ctlOn incorporates RCRA faclllty dssossments, RFls, CMSs, and 
CMls. Invostigatlons havo begun for most of the Lcrboratoy's MOAS, wlth Phase I RFls complete ot the 
mojorlty of the larger invontofy sltos. TO ovaluale RFI dnto In an objectlvo, systematic, and cost.etfWlve 
manner, the ER Projoct will lmpiomont anow decision logic. Figure 7.1-1 shows this docision logic: Its 
implemcntatlon Is dlscussod later In !his document. 

ER Project personnol wlll use the declslon logic to ovaluato tho UdQqUOC)' of MDA-specfflc data, 
assembled durlng Phaso I RFI, to support concluslons rogardlng rlsk to human and ocologicol rocoptors. 
I f  cxlstlng datn are inadequato to confldontly assoss risk, roseorchors wlll us0 the decision logic to IdQntlfy 
who! data are roquirod durfng Phavo II RFI to lncroase cantidonce in rlskwbosed declslons. If exlstlng data 
am sufficient to confidently OSSQSS rlsk, Phaso I I  invosttgatlons wlll not be conductod and the docision 
loglc will ldentlfy moasuras to onsum that the rlsk associated wlth an MOA is accoptnblo. 



Porlorm Reaulalorv Annfyals 

MnlnOln d Monltor 

Evaluate Proposed Corroctlvo Action 

Exavalo, Charadorb, 
Contoin, Conlrol, Tranapan, Dlapoas Monitor 

Figure 7.7-7. Goncral framework of declslon loglc for strcamllnlng the corrective actlon, 
process for Laboratory MDAs 

Rlsk will be evaluafod for both human ond ocologlcal receptors on multlplo spatlill and tomporal scales, 
To evaluato present-day risk, rosonrehors wlll evaluato prosent-day contaminant nature and extent, and 
current land-use pattorns. To ovalunlo futuro risk to human and ocological recoptom, sub]oct=matter 
oxpem will colculato future contaminant nature and oxtont using fato and transport modols, and will 
consider multiple potonflcll oxposure pathways In cumulatlvo risk assessments to bound possiblo 
altornatlvo futuro usos of an MDA and Its onvlrons. They will also us0 fato and tronspon models to 
ovaluate tho relotlvo eff OctlVt3nOSS of altornative correctlvo moasures. 
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1.2 Regulatory Frynowork 

Under Subpofl S, corrsctlvo actions ore performed to mlnlmke present-day and future risks to humnn and 
ecological recoptors, Docislons regording corroctlvo actions at Laboratory MOAS wlll be gulded by the 
'EPA standard targot rlsk nnge stated In Subpart S: 

. * .  

, ' 

' . 

'CPA's risk reduction goal is to roduee the throat from crrrclnogenlc contaminants such thot, for 
any rnedlum, the OXCOSD rlsk of cancer to nn Indlviduol exposod over & llfetlme gonerally falls 
wlthln a range from 104. . to 10"'. For non-corcinogons, the haord lndox should gonerally not 
exceod one. Risk-based medla cloanup standnrds ore gonerolly consldorod prutmlvo if they 
achieve a level of rlsk which fulls wlthln.1Odcnd 104rlsk range." 

. .  

I .  

a .  

. .  

. .  ' 
' 

' The Subpart S risk rango Is consorvotlvi rolufivo to $tontially appllcnblo EPA and DepaRment o! Enargy 
(DOE) porformance objoctivos for dosos of radlatlon recoived from radlonctive waste. These objectives 
range from 75 to 100 mrembr., o risk of 3 x IO"' to 2 x ?OJ. The EPA's Otfico of Solid Waste and 
Emergency Response document 9200.4-18, 'Estobllshmont of Cleanup LOVO~S for CERClA Sites with 

%loonup should gonorally ochlovo G level of risk within tho 10' to IOd curclnogenlc risk ronge 
based on the reasonable maximum oxposure lor on lndlvldual. The cloanup levels to be specified 

; ., , 

. .  

. Radloactlvo Contomination," (€PA 1997,58693) states the following: 
I '  

consistent with levols gonurolly considerod protective In other govsmmont~l octlons, particularly 
rogulaticns and guidance devoloped by €PA In other radiation control programs." 

The goal of a 10* to 1O'risk rungo Is consistont with tho EPA's Clonn Watsr Act, whlch limits ot the dose 
from Intake of mdloactlvlty in drlnklng wotbr to 4 mremlyr,, and tho netlonal emlsslons standards for 
hazardous olr pollutants radlonuclido rogutatlons, whlch llmlt thG dose from rndlooctlvlry In the ulr to 10 
mrem/yr. 

A docislon4ogic based on risk rather than dose Is approprioto beauso MDAs containing hazardous, 
mdioactlvo, nnd/or mlxod waste can be assossod and comparod 10 each other using o common 
frslmowork, Furthor, the targat risk rnngo meots other potontlally applicable regulatory standards, 
including the DOE standard for public radiation protection and the EPA Clean Water and Clean Alr Acts, 
Finally, a risk-based approach Is conslstent with the "Rlsk-Based Decision Tree" from the 'New Mexlco 
Environmont DQpartment Haordous and Rodloaetlva Moterlols Bureau RCRA Penits Mnnagoment 
Program Document Requirement Guide" (NMED 1998,57897). 

To expodlte corrective action for MDAs, the MOA Focus Area of the ER Project wlll llmlr the correctlvo 
measure attarnatives consldered to thoso that or0 both protectivo and praeticnble for 8 given site, and 
thm eornparo those alternatives through cost-Wneflt analyses. In so dolng, this document's approach 
adheres to Subpart S: 

Tho earlier In the corroctlve action process potential remedies can be Idontlfled, the more 
ottectlvely informotlon gnthorlng can be focused, . . . For example, in sltuatlons where tho 
contaminatfan belng addressed invoivos P largo rnlxed fill landflli, the remedlal alternatives will 
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likely involve physical and institutional controls. Thoso altornntives should be identified aarly, 
enabling the facillty ownerloperator to tailor sitc characterization toword cotleetion ol information 
necessary to support dovolopmont of appropriate physical controls. , , , €PA advises progrnm 
implomentors ond facility ownors/oporators to focus corrcctlvo moasuros studies on realistic 
romedlos and to tailor the scope and SUbStPnCQ of studlos to the oxtont, nnturo and comploxlty ot 
reloasos and contamination at any given facillty. For sxamplo, Some potontial remodlos should 
not bo consldored because thoy arc simply implnusiblo." 

Altornatlvo corroctivc actions for MOAS must onsuro that risks to human and ecological recoptors aro 
acceptable, now and in tho futuro. Specific points and timos of compllanco will bo nddrossod wlth NMED 
to cfficlontty rcduco and manage risk across the Laboratory cornplox. Presont=day risks posod by MDAs 
pro genorntly low becouso of institutional controls and bt?couso contominntion Is burlod bolow-ground. 
Risks could incroase in the future if natural hydrogeological processos or othor disruptive ovents disperso 
contamination; howevw, os long as contaminatlon romains inaccessible to human or ocologlcol rocoptors 
risks will remain low. We can limit accosslbility of contominotion to human or ocologlcnl rocoptors by: 

romovlng somO or all of the mntorlal within an MOA and disposing tho inventory elsowhoro 
s:abilltlng tho contamlnatlon within the MDA 
controlling PCCOSS to tho MDA, and/or 
monitoring onvironmontal media to onsuro that contarnlnation tronspotlod away from an MDA 
romains bolow accoptnblo rlsk throsholds 

- 

Excavation and off-site dlsposat may bo ir practical olternatlvo for MDAs that contain a small shallow 
homogeneous woll=chc?rocterlzod inventory, Most MDAs contain largo volumes of doeply buried 
hOtCrOgOnOouS rnntcrials contamlnatod wlth II varloty of constituents, maklng excovotion dlfficult or 
impracticoblo and off-sit0 disposal unlikdy or vicually Impossible. For thoss MOAS, capping, 
administrative controls, nnd long-torm monitoring arc likoly to be thc optimal Correctlvo nctions, This 
approach is consistent wlth Subpon S which stntos tho following: 

'EPA oxpoctv to us0 a combination 01 mc:hods (o,g,, troatmont. englnooring and lnstltutlonol 
conlrols), os appropriate, to nchiovc protoction of humon health and tho onvironmont. , , (with] 
Institutional controls such os land use rostrictlons primarlly 10 supplement onglneoring 
controls. , . . " 

1.3 SCOpO 

Tho RFI/CMS procoss for MDAs, oxpedltod through a quontitativo decision loglc, will bo usod for thQ 
MDAs listed In Tablo 1.3.1 , sitod at tho locations shown in Figuro 1.3-1, 

Thoso MDAs have wosto disposed or otherwiso placod below-ground In oxcnvotod plts, tronchcs, shafts, 
and cavltlos. Most of theso sites, lncludlng thoso wlth tho largost invontories of fadloacthe or hanrdous 
contaminants, pro locatod on mosa tops. Even boloro onvironmontal lows woro onucted to onsuro 
groundwator protoction, theso mesa top locations woro choson based on knowledgo of faVOrQblG 
hydrogoologic condltions to provent groundwator trilnspoR of contaminants, Tho scopo of this document 
IS to describe fhc MOA3 that wllt be ovoluated by B stroamlined RFI/CMS procoss, nnd to doscribe that 
prOCQSS. 

The RFI phaso of the RCRA corroctlve action procoss u3os lnformatlon to do tho following: 

chnractorize tho naturo and oXlon1 of any reloosc(s) to air, groundwator, surlaco water, or sall 
ovoiuato tho potontiol lhreat to human health and to the environment 
dovelop corroctivo moosum proposals 
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Table 1.3-1 
Dcscrfption of Laborntoty MDAs and Antlclpated Cleanup Plans 

Antlclpated Path to 
Dererlpllon Cunont Stntus Cornplcllon 

1.8scm alto conlalnlnp two Phase I RFI surfaro CMS/CMI 
50,006~al. underground lank8 and lnvasnpallon c0mplels, RFI 
3 plts t e ~ c r ~  to be wrlnsn 

waalo dlspQMl; small section used lor complelu, RFl rsw to bs 
Ch0fnk.d WPIt@ dl3poMt wrlncn 

SI10 

MUA ?‘A PRS ! 
A 21 21-014 

D 21 2191s &acre slle used pnmarlty lor solkt Phnso I RFI fleM work CMSlCMl 

c 50 xMo9 7 plls and 108 ohan8 wllhln ll.t).ocre Phase I RFI f lsM work CMSCMI 
tbmplrto, RFI report to ba 
wrlnan 

RFI In fQO4 and 10M 
0 33 W 3 ( b d )  two undvrprdund ~oncrels Chbmbom, Performed Phase I and I I  NO furlher rcllon (NFA) 

sxperlmenls COndUCtid In 1848 
contalnlng hlch ex~loalves, brrylllum 

dlsposal plta, spmnt pro).ctllas. 
uranlum, borylllum 

rocommsnusd In RFI Repon 

E 33 3 3 0 0 1 ( w )  Underground Chamber plus 6 wasto Performed Phase I Voluntary mmcllve 
Inveallgstlon In 3 0 6  meonurn (VCM) 10 Include 

rvalwtlon of the capplng 
oplbn Is ulrnnsd 

I 

F 6 M l O f ( s )  CIaaslfled trash wn8 I n t e r n  hem Gsophystca otudlw havo CMS/CMI 
durlna the lato lWoS 

and 4 lranauranlc wasto tmncnrb 
wllhln a 6!hcra alto 

been complelsd but no1 
eoCumented In a rapoft 

0 54 W 1 3 ( b ) ,  34 dlapoaal plts, 174 dlspaaal ahab, RFI rapon In p m ~ n s s  CMSlCMl 
U491J(b, c, 
d), 54917, 

5441 0, 
s o i a ,  

I w20 I 
H S d \ W  0 wrllcnl ahatln wllhln a 0.3acrs rile I RFI rmporl In pro~rsia CMSlEMl 
J 5.4 50-005 4 dlsposal plta end Z dlSpOMl shells Closure undor NMCD Solld Slle d o r u n  by lho faclllty, 

K 33 3 3 9 0 ? ( w )  Soplk lank, sump, root draln, and Soptic tnnk, Potantlel Sompllng following D&D for 
wtthln a 2.85sCro alto 

outfall ansodated whh maln 8110, 
COi~tPmlnanta Include lrlllum fmm 

1 Was)@ RoOulatlons In 1980 ER Is nrsumlng NFA 

Reloass Slls (PRS) PRS 33402(a), NFA 
3390?(a), la plugood anu la Plopo3ed lor tornalnlng 

Cwonlamlnetlon and 
docommlaalonlng (DtiD) 
and I8 therelore drlsrrsd. 
Romolnlnp PRSa am 
proposrd !Or NFA ~ 

I A . 3 3  p m s a l n g  Iaclllty. scheduled for PRSU 

L 54 J4.oal(p-e), 1 chemicpl WaOIe dlspoMl plt, 34 RFl Report In progross C M X M I  
~ # ? ,  
W l S ( g ) ,  disposal lmpoundmenta wHMn a 
m, Z h c n  nltm 
W l l ( b ) i  
W439. 
W 1 4 ( a ) ,  
54-01 WI) 

disposal shafts and 3 chsmlcal wade 

M 9 8.013 Surface trash dlaposol slle Ekpdltod cleanup Eco and applhble or 
completed In Flscal Year 
1906 wulrnments (ARARs) 

relevant and auproprlals 

aasaenrnent must be 
~ I T I P h s d  befOt’U dOD0 Out 

N 15 15907(n) Construetlon and offlcb debrls AFI Invsatlgation could no1 Pha3U I1 requlmd Io flnd and 
roporIed fo bu burled In shallow 
1rench.s cl n c n  In slze 

hem DWnss 

WPU burled hem durlnu tho late 1940a 

bdlnlllvely Ibecrte thls MDA. chamash-s 

P 18 iwia HE bum orvund mslduea dlspasod of Phase I of clean cloaum In RCRA dean closum 

0 a &OO6(0-b) Nova1 Ouns and othor rncbllk tmoh Umlted Phaso I uampllng Voluntary comlvo action 
and ~ p h y s l c s  complrlo. 
No report wdRm 
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I 
MDA TA PUS Dcbcdption 

World War I I  om HE burn Qround and 
associaled HE roslduos and trash On 
eurlace 

s 11 11-009 HE depradnllon exporimon! in 
progrosa 
3,5-acro ello conslatln~ 01 4 liquid 
waoto abaorpllon beds, a wasto 
storope aroa, and a sorles 01 dlapoaal 
ehafti to dlopoao of wasIe8 mixed wllh 
comon I 

buds and aaaoClnlod sump 

21.016 ( a d )  

21 21.017 (04) l.%ocru alte conlplnlnQ 2 obeorpllon 

Currcnt Slalus 
Goophyaics atudy 
comptolod, limited sampllnu 
suggO8t hiph IovOlQ O! 
mntnmlnatlon 
Approved tor dolerred mlor 
In OU 1082 work plan 
Phnse I flFI llold W O h  
mmplote, RFI roport 10 be 
written 

Phnso I RFI llold Wrk 
compiote, RFI ropgrt Io be 

I 

Two &in Olemelor, 125 ft long 
atalnisss ateol lubes nuopendad 

Propoaed for NFA In 
Ou i  12G work plan, May 

wlth plulornlun-239 and OosOClnloJ 
lleslon produclD 
Slto of fhe Lo6 Alamoa Power Rooc!or 
Experlment No, 2 (LAPRE 11) roomor, 
which was burW In placo olror It wa8 
ducammlaslonod In 1059; tho alle wna 
rumedlatod In 1881 as an EA lnlerlm 
octlon 

35-0902 

39.001 (a and Consfrualon, ovlco, and tlrlnp sl l~  
b) debrls burled In I shallow Ironches. 

15.007 (b) Approxlmololy 2ooo yd. or 
concilrucllon debfia ond olher dobrls 
lrom tlrlng olte actlvlliee. umnlum 

I prosent. 
I Nrfna 61tff debtilo (burnod m d  36.001 -~ .. 
unbimod) ploco In lranchoa 
approxlma!ely 13 f l  doop, and averad 
2-3 H olaoll 
Mulllplo 8hnRs and chemben PI 
doptho beheon 00 Hand BO fl(18m 
and 24 m), uaed !or hydronuclear 
eololy oxperlmento lrom lnle 1858 to 
1861, total volume 01 conlomlnotod 

(30,000 ma), rndlologlcol lnvontory 
eatlmatod 80 0.2 CI uronlum-235 nnd. 
2450 CI pluionium~23D. solld lead 
u8od a8 ahloldlnp lor experiments 
mnlolnod In tho oxperlmont chamborn 
a8 woll as borylllum 

49.001 (a+) 

ruff 05l~m~led 81 8bOUt 1 , ~ 0 , 0 ~  tt' 
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PrOpoBOd lor NFA In 
Ou1129 Work Plan, May 
1992 
(NFA Rotlonakx 
rocommonded for NFA 
because all reoctor*raleted 
oqulpmonl and 
'conmmlnated solla wore 
removed'l. 
RFI roporl wmploto wlth 
RSI, 

RFI ropotl eomplelo, 

Phoao I RFI roped Uonlod 
by NMED, odUilional 
eampllnp rwulrod 

Phaso I RFI field work lor 
Aroa 2 complete: RFI roporl 
to bo wrcnen; lnlsrlm 
mensurea (IM) and bast 
mane~omenl proellcan lor 
Aroa 2 con,?leted 10/99; IM 
repon In proQreae 

~ 

Antlclpalcd Path to 
Complctlon 

VCM 

- 

Cornpleto 

CMSCMI 

CMS/CMI 

CMSlCMl 

I f  NFA propoaal la accepted 
this slto ID compleled 
(not HSWA) 

It NFA propoaol Is accoplod 
lhle ello la completed 
Nolo: Thls PRS la ~ I t l l  In Iho 
pormlt 

CMSCMI lo ovalunto 
sloblllrotlon In ploce vomu~ 
removnl 
VCM proposed 

VCM IO ovoluatlng copping 
and olhor cloonup options 

CMSICMI 
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Figure 1,3-1+ Map showing locations of MDAs across the Laboratory lnstallatlon 
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After a SWMU and its assoclatod potontlal snvironmontnl and human honlth risks are charactortzod, CMS 
may be undortukon to evaluate allernotlve means oi mitigating thoso risks. Whilo tailoring the RFI m d  
CMS to individual MOAS to struamlln~ corrective actions, wo establlshod a ischnlcat framowork that 
roflocts Subparf S: 

"EPA contlnuos to omphaslro that the compononts of cortoctlve actlon should not be vlowGd RS 

Isolated stops In a llnoar procoss. , . , In the Agency's oxperlence, it Is gm3rQlly more off lclont to 
focus data coilec:ion on Information nooded to support an appropriate, hplomentnble remody 
than to attempt to complete soparate ovaluatlons at each step, . . . mhe earlier In tho corroctlve 
action procoss potential romedlos can bo Identlfled, the more o ~ ~ ~ I v Q I ~  intormotlon gnthorlng 
can be focused. . .* 

The fact that contominatlon at MDAs Is In tho subsurface and not roadlly accosslble has important 
lmpllcntlons In terms of sit0 charactorkcition and ldentillcatlon of viablo romodlatlon oltematlves. Unless 
they aro thoughtfully doslgned, sarnpllng and analysis programs lmplomonted to determino the naturo 
and extent of contclminntlon wlll be costly and will not servo tho purpose of mltigatlng potontial risks. 
Tradltlonal rlsk assessment considors tho contaminant concontrations, oxposuro pathways, and 
consequonces. The MOAS requiro simllnr considorations but at timo scillos that extend I000 yr. or mora 
Into tho futuro, A combhatlon of modollng and slte charactc;rlratlon data will bo used to detino 
conraamlnnnt nature and oxtent to support woll-dafinod doclsions In tho correctlvo action procosn, 

The CMS wlll bo streamlined by ovaluatlng capping os a basollno or dofault correctlvo octlon for MDAs, 
All MDAs are prosontly covored with ovopotranspiratlon caps, the pertormence of which has been tho 
subject of oxtonsivo lleld lnvostigotions and computer simulatlons, Tho oxlstlng Cap wlll be modoled 
durlng the rlsk assossrnont of tho RFL Tho cap will bo optlmizod during thc CMS i f  the results of tho RFI 
indicato P nocessity for It optlrnlzotlon. If  thQ RFI or CMS rlsk PssQSsrnents domonstrato that capping Is 
not a protective or practlcal final action, thon altornatlves (Includlng oxcavatlon) wlll be conslderod, Whom 
significant inventory will be left in place after capping, a monitoring program wlll be deployed to assure 
that the final cap design Is effoctlvo, 

Tho MDA focus aroo will assess tho risk of altornotlvo futuro land-uso sconorlos by using mathomatlcol 
models that sirnulato procossos offoctlng contomlnant moblllty whlle consldorlng a host of exposurb 
pothwciys that encompass polantlal rosourcos usos, Theso modols colculotu contamlnnnt concentratlons 
in onvironmentai modln at various timos end locations, which are usod to O S S O ~ S  the risk to human or 
ocologicol recoptors under assumed exposuro scenarios. Thore irro sovoral goneric computer models 
usod at ACRA correctivci adion sltos to calculnte contamlnont Into and transport by way of surfaco water 
and groundwator; two oxamplos are MODFLOW and HELP'. These gonoric models are OdQqUatQ for 
simple sites, Howovor, slto=spoclflc modols may be roqulrod to accurately simulate fste and transport in 
natural sottlngs whlch are more complex, The us0 of slto-spoclflc models Is consistent with Subpart S 
whlch statos tho foltowing: 

\ 

SiIo=specJ!ic risk assossments conducted at RCRA faclllties . . . bnsod on . , , methods 
devclopod exprossly for nppllcatlon at specific sltos or types of sites could result In more valid 
and reliable characterlzations of risks to human hoalth and the environment." 

HELP is currontly rocognlzod as tho EPA's londllll covor dosign codo and is adoquato for most surlaco wafor 
bolanca calculcrfions, but I! does no! address sol1 physics within a covor In a robust way. MODFLOW Is wldoly usod 
for groundwator trnnspon calculnflon3 and could concolvablo bo usod lo hnndlo many ospoctcl of tho groundwolor 
flow In tho moln oqulfer, ollhough tho roprosontntton of complox otrallgraphy Is not tho lorlo 01 lhrs codo, 



Sita-specific models Inform correctlve actlon decisions for tho Laboratory's MDAs b m u s e  of the 
compfoxlty of the natural setting. The some models were used to simulate late and transport of 
radlologlcal contaminonts'nt MOA G lor the perlormance assossmont and composite analysls, required to 
domonstroto comptiance wlth DOE wasto roqulmments. Tho performance assessment and composlto 
analysis are also substantively equivalont to EPA rlsk assessmonts tha! support ER actlvltles across tho 
DOE complex and ensuro that compllance with EPA stnndnrds for radlologlcal protection of human health 
and the environment, The MOA G performance wxssmont and composlle onalysls are substantlvely 
equivalent to tho analysus required by the Nuclear Regulatory Commlsslon to license low=lowI 
radloactlve waste dlsposal sltos under 10 CFR (Code of Fedoral Regulations) 61, Licensing 
Roqulraments for Land Oisposal of Rndloactlve Wosto (s,g., the Chem.Nucluar disposal facility In South 
Carolina). They are PISO slmilar to tho nnalysos required by the EPA tor licensing dlsposal facilltlos under 
40 CFR 191, Environmental Radiation Protection Standards for Management and Dlsposal of Spent 
Nucloar Fuel, High-Lovol and Transuranic Radlooctlvo Wastes (o.g,, Wasto Isolation Pilot ProJect faclllty 
In New Mexico and Yucca Mountain In Nevada). 

The modeling Immowork developed, peer revlowed, and successfully Implomontod for fate and trensport 
calculations at MDA G will be usud to 8ssoss rlsk for othor MDAs. Wherover possible, the MOA G rvsults 
wlll tm used to Indirectly modo1 (by scallng) contaminant fato and transpott, and rlsk. Declslon analysis wlll 
be used to detormlno If "scaling" of MDA G results Is vlablo, or If an MOA must bo modeled expllcltty, 

.' 1.4 Document Organlzatlon 

Soctlon 2 of this document summarizes tho slat0 of knowledge regarding the MDAs ot tho Laboratory. 
Soctlon 3 summarlzes the nnturnl foaturos nnd events that Offoct tho assessment of long-term rlsk of 
MDAs, Section 4 dlscusses (1) the rosulh of several invostlgotlons Into tho processes that may affect 
long4orm rlsk and (2) our opproach to risk ossossmont in eorrectlve action, which usos the MOA G 
performance nssossment nnd composlto analysis DS P startlng polnt. Section 5 integrates the Information 
from procodlng sectlonc into a conceptual slto modd that wlll s0rvo as tho prellminnry physical 

. conceptual model for nli MDAs. Soction 6 doscrlbes how tho prellmlnofy phydCQl conceptual model and 
risk-besod declslon onalysls will bo used to complete tho RFI toor MOAS, Section 7 describes !he 
nllornatlvo approachos to CMS that may rosult from the RFI. Flnally, Sectlon 8 discusses the reponing 
format thAt the MOA Focus Area wlll follow In lmplementlng the approach 10 corroctlve actlons described 
In this document. Attachment A lists acronyms: Attachment 8 lncludos fact shoats for all the MOAS: and 
Attnchment C Is the roport, "Landfill Covor and Post-Closuro Monitoring Deslgns for Besalino Planning." 



2.0 MDA DESCRIPTIONS 

Thls section prosonts our knowlodgo of fhe Los Alomos Natlonol Laboratory's (tho Lnboratory's) motorial 
dlsposal Droi18 (MDAs). Each MOA is briofly described anc' has n complote fact sheot Included in 
Anachmen! 8, The detail of infcrrnatlon avallnblo for an MDA roflects its status In the corrective action 
process. MOA G which is the Laboratory's oporating disposal facllhy for low-lovol rrrdloactivo solid wasto 
(LLW) is nn Important excoptlon 8s i t  has boon cxtonsivety rrssossod through onvironmental rostorntlon 
(ER) and waste management actlvltios. 

The locations 01 the Technical Aroa (TA) 21 MDAs are shown In Figure 7 , 7 - 1  in Chapter 1 of this 
dacumont. An operational surnmory of all the MOAs is proscntod in Table 2.1-1. 

Thoro am 28 MDAs at tho Laboratory. They aro dosignntod wlth single totters from A to 2 then double 
lettom AA, AB Otc, Soveral of tho MDAs aro collocated, or assembled wlthin 8 bingle TA, Thoso 
Collocated MDAs wlll bo dlscussed first, then tho unnssemblod MOAs wlll be discussod in alphabeticnl 
order. 

2.1 MOAs A, 8, T, U, and V nt TA.21 

TA-21 , also known us DP Sito, cvntcirs on DP Masa lmmodlotoly oast-southcast of tho 10s Alamos 
townslie at an Olovotlon of 7140 ft (2142 m). Tho TA spans the boundary of tho DP Conyon and tho Los 
Alnrnos Canyon wntorshods. Grounawofor 110s at o npproxlmatoly 11 50 11 (345 m) doop. TA-21 hac boon 
usod lor both chornical rosoorch and plutonium and uranium metol production from 1945 to 1978. The 
major lndustrlol actlvlty was related 10 uranium and plutonium rofinemont, which praducod tho groatost 
volumct of wasto of the TA-21 MDAs (Figure 2.14). 

Tho TA-21 oporablc unit (OU) Rosourco Consorvation and R Q C O V ~ ~ Y  Act (RCRA) facility invostigotion 
(RFI) work plan (LAN1 1991,7529) dcacrlbos tho origlnal approach to lnvostlgntions into contaminant 
nnturo, extent, and risk chorOC1orIzatlon. Mora rocontly, P rovisod project plan was dovoloped for patontlol 
release sitos (PRSs) (including MDAs) ot TA-27, primarily bocauso portions of tho sit0 are baing 
considerod for tronder to eithor Las Alamos county or San Ildefonso Pucblo pursuant to Public Law 
105.1 19. 

2.1.1 MOA A 

MDA A (PRS 21 -014) occuples II 1.25-ocro (0,S.ha) site In tho Oastern portlon of TA-21. Surfaco wntor 
r u n 4  from this alte ontors DP Canyon, which is located within ths Los AInmos Canyon watershod. Thls 
slto was usod for wasto disposal during two periods, 1945-1 949 and 1969.1 9?7. 60tw80n 1944 and 
1947, two shollow pits opproxlmatoly 4 m (13 fl) dQOp rocolvcd about 1020 m3 (36,000 If) of 'solld wastos 
with alpha contamination nccompaniod by small nmounts of beta and gamma," (Rogors 1977,0216) 
During this poriod, two underground storago tanks (the Conoral's Tanks) woro instolled to store a total of 
49,000 gal. (1 88,200 1) of a sodium hydroxlda solullon which contdnod 334 g (0,7 Ib,) of plutonium-239 at 
the timo of omplaesmonf (circa 7947), Tho liquid from theso tanks wos rOCOverOd, trotitad, and solldlflod 
in cernont in 1075, The contaminatod cornont rornnlned buried at MDA A for sovorol yosrrs, but was 
retriovod In Iho lo10 1980s and rnovod 10 Plt 29 at MDA G. In 1969,a 9-m- (304t-) doop pit was oxcavntod 
0 1  MDA A for tho dl5pOSd ot building dcbrls contamlnafod by uranium-235, plutonlum-238, and 
plutonium-239 from domolitlon work at TA-21, 
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Oporstlonnl Summary of the MDAs at the Lobontory 

Date Date Volume Area 

A 1945 1977 2 undororound tank, 3 plts Unclostlflod; solld, Ilquld; radioacllvo 8230 'I .25 

8 1945 12/48 2 undorground plls Unclosslfled: solid, liquid; mdlooctlw, 27,781 6.03 

MDA From To Dlsposal Untts h e n  tory ( Y d 3  ( a d  

(LLW, TRU') 

(LLW, TRU) 
C 194.8 1974 7plts, 108shaRs CIosJlfiedo: solid, Ilquld: mlxod' 1 190,837 1 2 3  
D 1948 1952 PundorgrounOconcmto Unclassiflocl: sollcI; hazardous 310 Oa03 

1 chamben 
E 1948 1052 1 Undoqroundchambor, Clnsslflod; solid; mlxod, TSCA' U' 1 .P 

6 pltt 
F 1146 12152 Sovornl plts and chambom Classlflod; solid; ~OQlOaCllVO ( U W )  U 'I ,4 

G 1157 Opon Numorous plls, shotts, Classlllad; solid, Ilqutd; mlxod, TSCA 420,000 65 

H iim 1% gshans Closslllod: solld; mlxod, TSCA U 0,3 
J 1161 Open - Unclasslfiod: solld: htxardous 95,000 2.65 
K 1856 12/90 Soptlc system, sumps, slphon Undasslflod: Ilguld: mlxed 16,133 1,O 

tronehus 

tank. draln lleld 
L 1959 12/65 4plls,34ahattS Unclasslfl6d; solld, Ilquld: mlxed, U 2.58 

M 1948 1965 Landflll 1 Unclosslflod: solid 2408 3 

TSCA 
v 

N 1/62 1/66 PI1 1 Unclosslflod: solld, Ilquld: mlxod U 0.28 
P 1950 1984 Ldndflll 1 Unclasslllod: solld: hazardous 13,000 1.4 

R 6/45 1ZS1 Shallow burlol ground Unclajslfled; solld, Ilquld; mlxod, U 11,5 

S 1965 Opon 1 Exporimonialplot 1 Unclosslfled: solld: hazardous 40 0.0023 

0 1/05 1140 Burialground Unclasslllod; aotld na;rafdou$ U 0.2 

TSCA 

T 1945 1007 4 nbsorplion beds, aovoral Unclnsslllod: solid, Ilquld: radloactlvo U 2.21 

U 1145 12/68 2absorplionbods Unctosalflod: Ilould, radlooatvo 667 0.2 
V 1945 1 1961 3 absorplion bods Unclasslflod: Iipuld: mlxed 5556 0.88 

shatts (LLW, TRU) 

W 1964 1974 d undorpround tanks U nclass If led: I IQU Id: m lxod 0,4 , eO.001 
X 1959 1959 Burlod ddcommlssloned Uncla3siflod; solld: mlxod U 0.05 

Y im i o m  1 ptr Unclnsslllod; solid, Ilquld; mlxod, 4 m  02 
rotxior 

TSCA 
2 1/65 w e 1  Lnndftll Unclossllled: Solld U 0.4 
AA 1965 1989 24tmnchos Unclosslllod: solid: mlxod U 1,4 
AB 1959 1 1961 1 Numoroua shnlts and cavillos Unclasslfiod: solld. llauid: mlxod 3T .a5 

Table 21-1 

TRU H innrumnk want#. 

MDAs contalnlnp mixed lnvanloty may lndudo rnlrod U W ,  mlweQ T R U ,  or both. 

U I unknown, 

a 

' M D A ~  cbntalnlng c ~ n s a ~ t ~  inwntoy also contain unClos.sllteci Inwntoty. 

dTSCA =%xk $ u b 6 h M  Control Aet, 

' 
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There is somQ dlscrepancy in tho records about tho numbor of pits on the oast end of the sBo. An ourly 
englneoring drawing (USL 1970,243?4) depicts four; howovor, a later drawing (USL 1 9 4 5 , 2 W ) ,  
along wlth soverol ropons and memos, refer to the existonce o! only two plts, A mcent geophysical survoy 
of MDA A (Geroty et ai. 1989,6893) suggasts the prosonco of only two plts on the oast end of the slte. 

Addltional lnforrnntlon about tho soquonco of events and data that pertain to MOA A a n  bo found in 
Table 16,891 of the TA-21 work plan (LANL 1991,7529). MOA A is a Hazardous and Solid Waste 
Amondmonts (HSWA) solld wnsto managoment unit (SWMU) listed In Modulo VI11 of the Luboratory's 
RCRA pormit. RFI activlties completed at MDA A include a Phaso I surfoco lnvostlgntlon comploted In 
accordance with the RFI work pian (LAW 1991,7529). The data from those Investigations will be 
evaluntod In accordonce wlth the mothodology descrlbed In this document. Actlvltlos comphted at 
MDA A ore roforencod in a h i d  summary roport completod in 1994 and weekly status reports cornpletod 
In 1997 

2.1 1 MOA 8 

MDA 6 (PRS 21-01 5) is an inscllvo dlsposol stto locatad on DP Mesa just wast of tho TA-27 fencod 
boundary ond south of commerclal businosses on DP Road. Runsff from this slte ontom the Los Alamos 
Canyon watorshed. The npproxlmato wolf ol tho MDA Is 6 acros (24  ha) ond It was operated Irom 190s 
through.1948. The TA-21 work plan (LANL 1991,7529). statos that burlod waste pits occupy about 
4650 ma (5580 yd? wlth an estimotod volume of 21,240 m5 (27,672 yd3) (LANL 1991.7529). MDA B - consists of an unpavod, foncod, eostom arm and ~r pavod, fenced, wostern area, neither of whlch 
contolns any surlaco structures, Tho number of tmnches comprising MOA 6 IS unknown. A goophyslcnl 
survey conductod us part of the 1998 RFI 10 dollnoate tho dlmonslons of the tronchas found the dloposal 
trenches to be approximately 15 ft (4.5 m) wlde by 300 tt (90 m) long by 12 It (3.6 m) deep nnd unllned. 

. 

The rndlologlcol lnvontory lncludos "plutonlum, polonlum, uranium, amorlclum, curlum, lanthanum, (and) 
actinium," (Rogors 1977,0216) Tho disposal capoclty of tho pits Is ostlmatod to bo about 21,000 m3 
(760,000 tt3). Tho ontiro pit mea Is estimatod to contain no mor0 than 100 g (6,13 CI) of plutonlum~239. 

in 1984; the unpaved ponlon o! MDA I3 w m  rosurlacod wlth a varloty of cover Bystoms as P pilot study 
conductod In support of the Oopanmont of Encrgy (DOE) Nutlonal Low Level Wnste Managoment 
Program. Tho prosent covor lncorpomtos sovorol variations of a nomlnol34t-(1 m) thlck crushed-tuff 
covor, whlch Is placed over the orlginal crushodntuff cover. Vorlatlons lnciudo cobblo and gravol blologlcnl 
bnrrlors betwoon the old and now covers, 03 wall us shrub, grass, and grovoVmulch surloce trootments. 
The total cover of this portion of MDA B Is nominally 6.5-tt-(2 rn) thick. 

This PRS is a SWMU listed In Modulo Vlll of tho Laboratory's RCRA hazardous waste laclllty pornit (EPA 
1990, 7585). RFI ocrivitios comploted at MOA 8 lnciudo the following: 

Phaso I surtace investlgatlon was conductod at MDA B and associated dralnagos comploted In 
accordance with tho TA.21 OU RFI work plan (LANL 1991,7529). 
Phoso I subsurface sampling and onolysls pian (SAP) RFI work plan mvlslon wm submlned to 
the Now Mexico Envlronmont Dopartment (NMED) In Soptombar 1998 (Environmental 
Restoration Project 1998,59506). - Request for supplamuntal lnformatlon (RSI) for Phaso I subsurface SAP was Issued by NMED. 
Rosponse to RSI was submitted to NMED In Fobruaty 1999 (Envlronmontol Restoration Projoct 
1999, 62885.2). - PhRXt I subsurface hvostlgation is ongoing during 1999. 
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Tho data from invostigatlons of MOA B wlll be ovnluoted in accordance wlth the methodology ijoscribod h 
this document. .I I 

e. 
(,:: 21.3 MPAT 

.,‘.I 

I- I, 

‘ I  

. ‘ I  

,b 

‘I ‘*. 
1 

B n  

-I MOA T (PRS 21-016) includos 4 absorption beds and 62 shafts that received radloactlvoly contaminated 
llquld from tho plutonium procosslng laboratorios at TA-21 botwoon 1945 and 1952. Runslf from thls site 
antes DP Canyon, which is locaiod wlthln tho tos Alamos Canyon wntorshod. In 1952, n liquid waste 
treairnent plant was lnstollod to remove plutonium and other radlonuclldos f rom process waslowator. 
Thereafter, tho absorption bods received rolntively small quantltlos of LLW unlll 1967, when ti now llquld 
waste treatment procoss was lnltlatod. Botwoen 1968 and 1975, treated Ilquld wnsto was mixed wllh 
cement pumped Into shafts at MOA 7’ for dlsposal. Aftor 1975, the coment paste was poured Into 
corrugated metal plpos, and rotrlovably placod at MDA T In 62 verllcal shafts. 

’ 

Approxlmotely 18,300,000 gal. (69,540,000 I) of llquld waste was discharged to the MDAT a3sorpllon 
beds betwoon 1945 and 1967. ’AB of January 1973, the absorption bads contoinod . , . lo Cl ol 
plutonlurn-239. , . As of July 1976, the disposal shatts contalned 7 Ci a1 uranlum-233,47 Cl of 
plutonlum.238,3,761 CI of omoriclum-241, and 3 Cl of mixed flssion products.” (Rogors 1977, 0216) The 
total volume of comont p o w  permanently dlsposod In shafts 01 MDA T was 122,500 @ (36,;’50 ma). 

MDA T is LI SWMU llstod In Module Vlll of tho Laboratory’s RCRA hazardous waste laclllty permit. RFl 
actlvltios comploted at MDA T Include the lollowing: 

Ronponso to RSI. 

Phase I surface invostlgotion conducted at MDA T and nssoclafod drGlnsgos was comploted In 
accardnnco with the TA-21 OU RFI work plan (LANL 1991,7529). 
Phaso I subsurfnco invostigotlon SAP was subrnltfod to NMED in tho SAP lor Group 21.01 6 
(Environmental Rostotation Projoct 1996,54127), 
Phaso I subsurface invostigatlon completod. 
RSI on Phnsa I subsurlaca SAP lssuod by NMED July 29,1997 (NMED 1997,56498). 

The data from invostigatlons of MDA T wlll bo ovoluatod in accordance wlth the methodology descrlbod In 
this documant, 

2.1.4 MDA U 

MDA U [PRSs 21-017 (a, b, and c)] Is on lnoctlvo dlsposal 8110 located north of TAS-21-152 and -153 new 
the eastorn ond of TA-21. MDA U Is D fence-onclosed arm of approximtltely 0,2 acres (0.08 ha) and 
conialns Mu absorption beds [PRSs 21=017(0) and (b)] and D dlstrlbutlon box IPRS 21=017(c)]. Rund l  
from thls slta entors DP Canyon, which 1s locatod within the Los Alamos Canyon watershed. The 
absorption beds, wlth a surface area of approximately 1800 tt3 (162 mZ) and an estlrnaled volume of 
about 18,000 ftJ (540 mJ), wore used for SUbSurlaCQ disposal of rodlooctlvsly contaminated liquld wastes 
from 1948 to 1968 (LANL 1991,7529). The distrlbutlon box [PRS 21-017(c)] and dlstributlon lines In 
PRSs 21-01? (a and b) were romoved In 1985, 

This PRS Is a SWMU llstod In Module Vlll of tho Laboratory’s RCRA hoznrdous wasto facility permit, RFI 
ectlvltles completed at MOA U Include the following: 

Phaso I surfoco lnvosttgatlon was conducted In 1994 in accordance with the TAP7 OU RFI work 
plan (LANL 1991,7529). 

0 Additional Phose I surface lnventlgatlon SAP was submlttod to NMEO in 1998. 
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0 Phasa I subuurlace SAP was submittod to NMEO In tho SAP for PRSs 2lQl?(a,b, and c) (LANL 

Pheso I subsurfoco AFI Is ongolng ot rlsk, 1999, 
, 1998,62549). > '  . 

. I  

8 .  . . . .  ;. I . ,  , 

, _  . I .  . < . .  . 

' .  . ' 

: , Tho data'from investigetlons of MOA U wlll bo avnluatod In accordance with tho mothodology doscrlbed In 
' this document. 

, /  . 
# '  .. V I .  ' *  

, .  
. , I  a 

. . . .  , 
. .  

.. ' . I  ', 2.t.S' MDA V 
, .  

. . I  . 
, . , ;  . 

% , .  , .  . . , , M0A.V [PRS 27.078(e)J Is an 0,88=acre (0.35-ha) site located southwest of the TA-21 fenced boundary. 
, , _ . . .  . , ' I  . .  
, I  ... ' , . .  

, . . beds were used from 1945 through 1961 for liquid wasto disposal from o laundry faclllty at TA-21-20, The 
, ,.  laundry !ecillty mainly washod clothing !rom uranium and plutonium refinement operatlons, 

MDA V consists of three obsorptlon bods that occupy 15,000 lf and have a volume of 4250 mJ 
(5525 ydJ), Surlacs water runsff from this slte enters the Los Aiomos Canyon watershed. The absorptlon . .  

I .  ' 
I ,  . . .  

I .  

,. J .  ' ,  

I .  

. '  .. ' 2 ,  ' . Thls PRS is a SWMU listed In Modulo Vlil of tho Laboratory's RCRA hazardous waste facility parmlt. RFI 
, *  

:' . ' ,  activities completed at MDA V include the followlng:' 
I .  

' ,  Phase I surface and subsurfoce investlgotlon was conducted at MDA V and 113 assoclatod 
' , drainages In 1994 and 1996 In accordunce wlth the TA-21 OU RFI work plan (LAN1 1991,7529), 

, . - RFI report recommendlng no furthor action (NFA) was 9ubmit!ed to.NMED In 1996 
' 

(Envlronmental Restoration Project 1996, 54,969). - Notice of Deficiency (NOD) on Phase I surface and subsurlaco RFI roport Issued by NMED. 
'Response to NOD, Both iiro reportod In.(LANL 1997,63530). 

. . .  , 
I .  

. .. 
, , .  . ,  . .  

. . .  . .  , .  
. .. , . . ' .  

. .  , , . .  
I . . .  

. .  
. .  Recently, n nontradltlonal in situ vitrification cold test was porformad ne&r MOA V In early In 1999 to plan 

Thedata from lnvostigatlons at MDA V will be ovoluotad In accordanco wlth tho methodology descdbod In 
thls document. 

2.2 

'Canyon watorshds, Tho elevation at TA.54 ranges from 6700 tt to 6800 ft (2010 m to 2040 m). The 
depth to groundwater below TA.54 ranges from 900 it to 980 tt (270 m to 294 m), The major Industrial 
activity atTA-54 has been'waste storage and disposal. The 45 SWMUs at TA=S are organked withh 

' . .' . ' '.four MDAs (G, H,: J, und L) and wllhin three facllltles located in the westorn part of TAW54 includlng TA-54 
. . .. West, former radiotion exposure and anlmel holding facllltles. 

. ' . ' . I I The location and approxlmnto dimbnslons of MOAS G, H, J, and Lot T A G  are shown In Flgure 22-1. 

, .  . . ' ,  . I . .  

, .  . . . . 

', ' ..I. ,. . . . .  

' I  , to vitrify a ponlon of ano of the absorptlon bods (Envlronmontal Restorntlon Project 7999, 63096). 
. . , . .  

. . /  . 
' 

. I  

, .  . , .  , .  
.. .I, 

e , .  .. . .  . , , 

' , .  , . , ' 

MOAS G, H, J, and Lat  TA-54 
, 1:. 

> .  

. ' TA.54 Is located on Mesita del Buey ond spans tho boundary of the CnAoda dol Buey and Pajarlto 
. t  

. . .  ... I 

, a  . 
. .  

, .' ~ .: . .. 
. .. 
. .  ! 

. ,  . .  
. .  

, .  

. . I  

' .  
. .  

' I '  ' I .22.1 MDAC. . .  , . : I '  , , 
, . ,  . 

MDA G Is a 100-acre (40-ha) slte that has sorvod as the Laboratory's prlnclpal radioactive solid waste 
storage and dlsposal slte since the Laboratory's routlne operatlons began them In 1959. The majority of 
stormwater runoff from MDA G enters the Pajarlto Canyon watershod and a much smdlerportlon drains 
into Canada del Buey, which is lochied within the Mortandad Canyon watershed, MDA G'wlil continue 
operating In its current capacity lor the foreseoobte future. Disposal units (pits and shab) containing 
waste disposed belore 1988 comprfse HSWA SWMU [PRS 54-013(b)-99) and are subject to correctfve 
action under the purview of the ER Project. 
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From 1959 to 1970 nearly all of tho Laboratory's solid radloactlvo waste was dlsposed at MOA GI It was 
lntarred into pits and into Ilned and unlined shotts dug into the mesa, The depth of these pits and sh8tts is 
opproxlmataly 60 ft (18 m). Layers of wasto In pits havo boen bocklllled with clean excovrited matorlals 
(crushed tutf), and filled pits havo boen covorod with at least 1 m (3 tt) of crushed tuff anc! about 5 in. 
(12 cm) of topsoil, which has been mvegetnled wlth natlvu grussos. Filled shafts have boon capped with 
crushed tutf, concrete, or both. 

In 1971, the Laboratory began sogregutlng rodtooctlve waste into two categories dlfferentlated by tho 
concontrntion of tmnsuranlc rodloisotopes present in tho waste. Since that time, TRU has beon 
rotrievably storod at MDA GI and only LLW has been porrnanently dlsmsed. Slnco the Implemonlotion of 
RCRA in 1986, mixed LLW (Lo,, LLW that ulso rneots the deflnitlon of D RCRA listed or characterlstlc 
horordous wasto) has b9Qn sogrogatod from tho LLW and stored ubovo ground at MDA G, Thus, the 
Inventory at PRS 54-013(b)-99 Includes (in descsndlng ordor of rotative volumo) LLW, solid TRU, solid 
mixed TRU, and LLW, 

As a HSWA SWMU, MDA G has undergone oxtonslve Invesllgatlon. a'ponltted RCRA storage focfllty, 
and an aufhorlzod DOE U W  dfsposat facility. Thers are known to bo subsurface vapor-phase plumes ot 
volatlle organlc compounds (VOCs) and trltlum, but no other rolaases haw been found In tho subsurtaco. 

In 1997, tho performance assessment and composlto analysis of LANL MDA G (Hollls et nl. 1997,63137) 
was publlshod to authoriza continued LLW dbpoual pursuant to DOE roqultoments. An RFI report for 
MDA G Is schoduled to be submlttod to NMED in Flscol Yoar (PI] 1999. The rlsk assossment podormod 
for the MOA G RFI bullds on tho pertormnnce assussment and composlto onalysls, and is the basis of the 
technlcnl approach for risk assessments performed durlng tho RFI and corroctlve m8o8uros stucty 
procoss lor at1 of the Laboratory's MDAs, 

22.2 MDAH 

MDA H (PRS 54404) Is a foncod 0.3-acre (0.12-ha) rectnngulor area moasurtng 200 ft by 70 tt (60 m by 
21 m) jusr Insldo tho wostom boundary o! TA-54. Stomwater run=off from thls site enton the Pajarlto 
Canyon watershed. Nine shatts wera used for tho disposal of classlllod wostes  from 1960 to 1986. Eight 
of the nine shafts nro capped by 8 3=tt (1-m) layer of concreto and a 3 4  (1-m) layer of soil. Shaft 9 has o 
lacked steel plate as G covor, This shatt potontially contains D volume of 990 f? (30 m3) of hazardous 
waste, The other elght shafts were 6 tt (1.8 m) in dlamoter and opproximetoly 60 ft (18 m) In dopth tor D 
total disposal copaciP) of approximately 13,565 ft3 (4Of m3). 

. Wasto dlsposal lop  show that nearly ovary shatt recolvod the followlng materlals: weapons components, 
classlfied documents and papor, aluminum, plastic, stainloss steel, rubber, gmphlla shapes, weapon 
mockups, depleted uranium scraps and classlfiod shapes, illm, prints snd slldas, classlfied shapes 
contnmlnaled with high axploslves (HE), and graphite reactor tu01 rods. In nddltlon, RCRA hazardous 
motals wora dlsposod In many of the shatts. 

' 

731s PRS Is a SWMU listed In Module VI11 01 tho Laboratory's RCRA hatordous waste lacility permit. RFI 
activities completed at MOA H Include a Phnse I lnvostlgntion conducted in accordance with RFI work 
plan for OU 1148 (LANL 1992,7669). 

Phase I lnvestlgodon data will be @vduot[+d In ocoordanca with the mothodology Uescrlbed In thls 
document, whkh wlll bo Included In the RFI report for MOA H to be completed in Fy 1999. 

I .  . .  
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2.2.3 MDA J 

Administrotivcly controllod wasto was disposed at MOA J (PRS 54.005) in a 2.65-acro (7,l-ha) site from 
1961 through 1998, Run-otl lrom this site enters Cahadtr dol Bucy, which is locatod within the Mortandad 
Canyon watershed, The MDA consists of four plts and two shafts wlth an approxirnnte wosto capacity of 
2.6 mllllon ft3 (7&000 m3), EXNJI~~QS of odministratlvoly controllod wasto are classlllod itoms such tis 

safes wlth securad locks, objects with closslliod shapes, scrap cqulpmont, sand from barlum sand 
troatrncnt oporations at MOA L, and empty conteinors. Hlstoricnlly, MDA J rocolvod wasto that was 
potontlal!y contaminated wlth trace quantlflos of nonreactive HE rosiduos. Other wastes Included 
asbestos and rosidunl amounts of hazardous wasto, Land farming olso occurs at thls slfo to bloromodinto 
petroloum-contaminatod solls lrom othor Laboratory sltos, 

MOA J Is scheduled to bo closod in FY 1999 as n special wasto landfill In accardanco with the Now 
Moxico solid wasto rogulations. Afterwords, wo will propose that MDA J be removed from tho HSWA 
modulo of tho Lnborntoty's RCRA operating permit, under which tho ER Projoct oporntos. 

2,2.4 MDAL 

MDA L (PRS 54-006) Is n 2,58mro (1,03*ha) slto for disposing hazardous. matorlals ond liquld wnstos 
and tho storogo of gas cylindors. Run-off lrom this slto entors Canada dol Buoy, which IS loeutod wlthin 
the Monnndod Conyon watershod. Since the implomentation of RCRA in 1986, MDA L has beon usod In 
ito prasont capacity for storngo of RCRA wasto, PCB waste, and some mixad waste (such as load 
cantaminatod with radiation), Early operations betwoon about 1959 and 1985 InClUdQd disposing 
Chomicnl wostos wlthin unlined plts and shafts dug Into !ho moso, In 1986, much 01 tho proviously usod 
surfaco arm wa5 covorod with asphalt fo suppon surtoco structuros. 

PRS 54-006 is a SWMU Ils!od in Modulo VIJI 0 1  tho Lnboratory'i RCRA hazardous wasto facility porrnit. 
RFI octivltius complclod at MOA L lncludo tho following: 

Installing rnultlplo boreholos into tho subsurfaeo around and benenth tho dlsposol units, and 
Monltorlng of a plumo ol VOCs, in accordnnca with a plan subminod to tho Environmontal 
Prolcction Agonq (EPA) (LANL 1993,22430). 

The data from thcso invostigntions will be evaluated in occordanco wlth the mofhodology doscribod in this 
document, as tho basis 01 tho RFI report for MDA L compiotod In N 1999 (in process). 

2.3 MOAS D, E, and K at TA-33 

TA.33, also known as Hot Polnt (HP) Slto, Is locatod nuor tho southoas1 boundary 01 tho Laborntory and 
spans the boundary of tho Chnquahui Canyon and Ancho Canyon watorsheds. Wlthln TA-33, dovation 
fangos trom 5300 tt to 6300 tt (1590 m to 1890 m) and depth to groundwator rnngos from 760 to 910 11 
(228 m to 273 m). In 1947 TA-33 was II tasr dto for wonpons using Convontlonal HE, uranium, nnd 
beryllium, Tho oxporimcnri woro porlormod in undorQround chnmbors, on S U ~ ~ O C Q  flring pads, and at 
firing silos oquipped with large guns that fired projoctilos into catcher berms, Tho woapons oxporimonts 
coasod In 1972. A hlgh-prcssuro tritium facility was oporatod at TA-33 from 1955 until late 1990. 

The location and approximato dlmonsions of MDAs D, E, and K at TA-33 aro shown in Figure 2.391. 
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2.3.1 MDA D 

MDA D IPRSs 33-003(tr and b)] is locatod at npproximololy 65004 (7950 m) elovorion on &I mesa forrnod 
by Ancho Canyon and Whlfo Rock Canyon, The depth 10 groundwator benonth MOA D is opproxlmotaly 
910 ft (273 m). Run=ofl from :his sit0 may vlthcr droln to tho Ancno Canyon watorshod or diroctly into 
White Rock Canyon, MDA D consists of two underground chambors, TA.33-4 and TA-33-6 [PRSs 
33-003(a and b), rospectivoly], usad to lost oxploslvo devices. The chambers wore constructod in 1948 
and weru usod for Initlator tosts involving polonium-21 0, milllgrom quantities of boryllium, and large 
amounts of HE. Chamber TA-334 was mod once in 1948 with no appcirent rupture; Chamber TA-33.6 
was used twice, once In December 1948 and again In April 1952. Tho SQCOnd tost dostroyod thG 
chamber, DQbdS from tho detonation was ojocted through tho olovator shatr and spread ovor tho mosa, A 
lO.tt=doop crater that formed around the charnbor was later Mod wlth tho ojeciod dobrls and coverod wlth 
uncontaminated soil. 

Tho SWMUs at this MDA are listed in Modulo Vll l  ol tho Laboratory's RCRA hazardous waslo faclllty 
portnit. RFI actlvitlcs completed at MDA D includo tho following: 

0 PhmC I invostlgation was conductod in 1994 In accordanco wlth the RFI work plan for OU 1122 
( U N L  1992,7671). 
Addltional invosligotlons WOrO conducted in 1996 In occordanco with the rovlsod SAP prosenled 
in RFI Roport for TA.33, PRSs 33=003(~1), 33*004(a), 33-007(c), 33-009, 33-01 1 (d), 33.013, 
33-016,33-017, and Rovisod SAPS for PRSs 33-003(b), 33-004(k), 33=008(b), C-33.001 , 

The data from invostlgatlons of MOA D will bo avaluatod in accordance with tho methodology doscribod in 
this documont. 

C-33402 (LANL 1995,501 13). 

2.3.2 MOA E 

MDA E [PRSs 33401 (a-o)] sits on mesa near D point formed by Chaquohul Canyon and one of its 
tributaries. MOA E Is locatod at opproximatoly 65004 (1950 m) olovation, ThO depth to groundwotor 
beneath MDA E 13 approximtrtoly 760 ft (228 m). Run-off from this sit0 ontors tho Choquohul Canyon 
watershed, MDA E oporatod bohvoen 7948 and 1955 for disposal of gun-type lnltlators and debris. Tost 
material contaminatod wlth polonium-210 was carriod to tho open pits. Tho flrsr structuro was 
undorgraund chamber No. 3, TA-33-29, which was completod in Fobruory 1950 and usod lor a singlo 
oxporlmont in April 1950. The exploslvc oxperirnant In the charnbor did not broach the surlace. Boginning 
In 1951, South Sit0 was usod lor gun-type and implosion studlos. A Los Alemos Sciontific Laboratory 
lntornal memo (Mcyar 1962,6741) referring 10 contamholed disposal Area E, TA-33 statas that "Arm E 
nt TA.33 has boon usod as 8 storago arOn and for burial of low-love\ radioactivo contaminotod 
equlpmant." A report by the US Goologlcnl Survey (Abrahoms 1963,8149) states that the aroa contalns 
sovernl hundred kilograms of dopletod uranium. The curio contonts of pits =I and 2 are reported as 240 Ci 
and 60 Ci, roopoctlvoly, and doscrlptions of the contents of pits 1 and 2 IndlCotQ the prosonco of 
hazardous wasto (Rogers 1977, 0218). No Inlormotion is available on pits 5 ond 6; TA.33 porsonnel 
indicGte that those trenchos were not used and wore fillod and compacted In 1963. 

Tho SWMUs af thls MDA ate listod in Modulo Vlll of tho Laboratory's RCRA hatordous wosto facillty 
permlt. No RFI activities have boon completod at MDA E to deto, A focused RFI will bo dovoloped for 
MDA E In accordance with the methodology doscrlbed in thls document, 
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2.3.3 MDA K 

MDA K [PRSs 33=002(a-o)] Is il 1,O-ocro (0.4-ho) slto located wlthln TA-33 on CL me50 nt on approximate 
olovatlon of 6500 ft (1950 m), Tho depth to groundwater beneath MOA K is opproxlmately 820 ft (246 m), 
Runsff from this sit0 onters the Choquehul CGnyon walorshod, MDA K received liquid etl luont from the 
hlgh=pressure trltlum faclllty FA-33.86) that operated at from 1955 untll 1990. Thls faclllty housed 
oquipment usod to transfer tritium from large tanks to smaller tanks that were transported to varlous 
Laboratory locotions Occaslonally the building was usod for other octlvltles; tor example, a uranlum 
fluldizod bed assembly was constructed in 1960. After thQ TA-33-86 tritium facility operations coeeod In 
1990, all oqulpmont was remcved from the bullding. The buildlng and associated structures are 
scheduled for decontamlna!lon and decommlsslonlng in 1999, MDA K contoins consolidated PRSs 
33-002(a-e). PRS 33-002(a) Is the soptic tank and drain fleld, PRSs 33402(b and c) ore sumps (dry 
wolls), PRS 33=002(d) is a cooling wator outfall, and PRS 33402(~) is a m! drain outtoll. 

, 

The SWMUs at thls MDA aro listed In Modulo VI11 of the Laboratory's RCRA harardous wasto facility 
permlt. RFI activities compioted 01 MDA K Include tho following: 

- 
Phaso I lnvostlgation conducted at PRSs 33902(a end b) in 1993 In accordance with the RFI 
work plan for OU 1122 (L4NL 1992,7671). 
Phose I lnvostlgatlons and Phase I 1  SAPS for PRSs 33=002(a and b) am prosonted In the RFI 
roport for MOA K, PRSs 33=002(a,b,c,d,o) (Envlronmontal Rostoratlon Project 1995,501 13). 
PRSs 33-002(b and e) WOrQ rocommanded fcr NFA lor hurnon health in tho NFA rapor: for PRSs 

(Envlronmontal Restorotlon Project 1997, 57021). 
PRS 33-002(d and 0 )  w m  recommended for NFA in the RF I report for MOA K, PRSa 
33~002(a,b,c,d,o) (Environmental Aastomtlon Project 1995,507 13). 

RFI data for MOA K will bo ovnluatod In oceordance with the methodology doscrlbed In thls document. 

33402(b,C), 33403(b), 33-00P(k), 33406(a), 33-008(RIb), 33-01 1 (d), 33413,33917 

2.4 MOAS N and Z at TA-15 

TA-15 Is located on Threomllo Mesa at an olevutlon of approximately 7200 tt (2160 m). Tho depth to 
groundwatorblow TA-15 is opproxlmatoly 1200 ft(360 m). Throemilo Mow Is dlvldod by Potrlllo Canyon 
Into two smallor flnger masas: Mosltn dol Potrlllo and PHERMEX moso, whlch haw sowed as firing site 
o m s ,  TA45 is bound to the north by Threomlle Canyon and to the south by Wator Canyon,TA-15 
prlnelpal activitles have centored on tho dsvelopment and testing 01  HE. 

"ha location and approxlmato dimensions of MOAS N and 2 at TA-15 are shown In Figure 2.4-1, 

2.47 MOAN 

MDA N [PRS 15407(o)) is at opproxlmatoly M804t (21 84-m) olovotion. The depth to groundwater 
beneath MDA N Is approxlmately 1170 tt (351 m). Run-off from MDA N entors Potrlllo Canyon, whlch Is 
locnted In the Watercanyon watorshod, MDA N was opened In 7962. Although no lnformotlon Is 
avallobte about its clOShg, a 1965 aorlal photograph suggosts that It was closed before then. MDA N Is 
descrlbod In tho 1990 SWMU report as a pit containing tho romnonts of seveml structures from R Slto, 
the TA-15 tiring slto that hod boen exposed to alther explosives or chemlcal contarnlnatlon. MDA N also 
may haw contained rubbie from bultdlngs TA-15-07, TA-154 and othors; however, little is known about 
tho materials or activjtios that may have occurrod In those buildings. No other Informotion Is available on 
dobris deposited in the MDA. Tho pit is covorod and rvvegotnted. The RFI work plan lor OU 1086 (L4NL 
1993,20946) Idontllies mercury, thorlum, and photographic solutions 09 potential Contaminants. 
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Tho SWMU at this MDA is listed In Modulo Vlil of the Loborotory's RCRA hazardous wnsto fncility permlt, 
RFi activihs completod at MOA N includo a Phoso I lnvostlgatlon conducted In accordance wlth ths RFI 
work plan for OU 1086 (UNL 1992, 14583), which wos not successful In Jocollng this MDA through 
geophyskal or sampling etfom. 

MDA N wlll bo evatuotod in accordonco with the mathodology doscribed In thls document. 

2.42 MDAZ 

MDA 2 [PRS 15=007(b)] is located at TA-15 south of tho slda mad loading to TA-7 5-23, MDA 2 Is 
locntod at an elovntlon of npproximntoly 7220 ft (2166 m), Tho dopth to groundwater below MDA Z Is 
opptoxlmately 1200 tt (350 m). Runooff from thls slte enters the Canon de Voile watershed. MDA 2 was 
used boweon 1965 and 1961 for thQ disposal of construction debris, includlng pieces ol cement and 
rober of various slzos, usod concretQ bags, stool blast mots from tests at PHERMEX, and other debns. 
Pioces of partlally burned wood ore visiblo, Tho londilll Is roughly rectangular and measurns 
opproxlmately 200 ft by 50 tt (60 m by 15 m), Wasto apponrs to hove beon placed In a naturully occurring 
doprosslon: concrate fllled sandbags are vlslble, which woro probobly piled as a retalning wall, and other 
dobrls was probably Mod in behind It. One loco grados to natlve $011, while the other is oxposed and 
stands approxlmotely 15 tt (4.5 m) hlgh. Most of the dobrls on the exposed face is no! covered wlth sol1 
and Is exposed to wind, rain, and snowmelt. Contominonts at the slte lncludo metals Irom wlre, blast 
mats, VOCs and/or somlvolatlle orgonlc compounds from charred wood, road and constnrctlon dobrls, 
and rodlooctlvo substancos (e.g, from tho blost mats). Chunks of uranlum Pro visible at this slte. 

The SWMU at this MDA Is listed In Modulo Vlll of tho Laboratory's RCRA hazardous wasto loclllty permit. 
There hove boon no RFI actlvltles complotod at MOA 2, MDA Z may bo aVQlUotOd In accordance wlth the 
methodology doscrlbod in thls dacumont. 

2.5 MDAs P and R at TA-16 

TA-16, known os S Sito, is locntod within the northwestom portion of the Loboratory at an olovolion 
ranging from 7000 tt to 7500 ft (2100 rn to 2250 m). Tho avorag0 dopth lo groundwator benoath the 
MDAs Is opproxlmatoly 1200 tt (360 m). TA-16 Is located within tho Conon De Voile watershed, 
Oporatlons at TA-16 focus on the production of HE and inciudo castlng, presslng, and machining of HE: 
assembly of exploslve tost dovlces; fobrlcatlon of piastlc components: development of new matorlals; and 
nondestructlvo examination. TA-16 has been used since the oarly 19405 ond has recontly hod 8 
hiyhepressuro trltlum foclllty Installed. 

Tho location and approximate dlmanalons of MOAs P and R at TA.16 Pro shown In Flguro 2.5-1. 

2.5.1 MDA P 

MDA P (PRS 16-01 8) Is a 1.4=acre (O$=ha) industrial londflll at TA-16 near the south rlm of Canon de 
Vallo. MOA P Is i m l o d  at an elevation of opproxlmolely 7500 tt (2250 m). The depth to groundwater 

. bunoath MDA P is approximately 7750 R (345 m). Runstf from MOA P OnterS tho Canon De Valle 
watershed. MOA P contains wastes from the synthesis, procvssing, and testlng of HE and resldual 
barlumtontomlnated sands from HE incineration; from the TA-16 photo dovelopment process; from the 
restdues of the burning of HEeontaminaled equipment; and from the demolltion of the S Site World War 

,: It complex. MDA P also contains constructton debris such 8s large ttmbers, concrete rubble, and pipes, 
and non-constructlon debrls such EIS flasks, bottlos, morticians' tabtes, and other Items used for the 
assembly of WE COrT'tponentS. 
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Bofore tho oarly 1950s when MOA P was deslgnatod a dlvposnl m a  for S Slto wastes, the arm Sewed 
a5 P detonator burning ground, Lead ccldo and thalllum mldo dotonotors wore used durlng thio tlme and 
are assumed 10 hnvo beon burned at tho site, HE disposal activitlos at MOA P started in the early 1950s 
and ceased In 1984. Wosto disposal was initiated at tho westorn end of the landfill and proceeded 
oostwnrd. The landfill was usod to dlsposo from burning HE-contomlnotod motorlals. Much of tho old 
S Site complex WGS demoilshod in the 1960s, and most of tho Ylashof rosldues o! theso demdltlon 
octivitles wero disposod In MOA P. 

The MDA P landllll was closod as u RCRA unlt In M 1999; thoroforo, MOA P wllf not bQ ovaluoted in 
accordance with the mothodology doscrlhd in :his document. 

25.2 MDAR 

MOA R (PRS 16479) Is u hlstorlc HE burning ground and assoclated canyon slde disposal ama locatod 
at TA-16. MDA R Is an 1 1 .S.acro (4,6=ho) slto locotod on tho mesa's edge on tho south aide of Canon do 
Valte, and runoff from the slto entors tho Conon De Valle watershod. MDA R Is located at an elevation of 
approximatoly 7500 ft (2250 m), The dopth to groundwator benoath MDA R is approxlmatety 1240 tt 
(372 m). MDA R was an active disposal unlt from 19d5 untlt 1951, when the modernday TAb16 burning 
ground was complotod. MOA R occuplos an area of 600 tt by 900 tt (180 m by 270 m), although It is llkoly 
that tho actual COntomlnoted aroa much smallor. 

Llkoly constituents at MOA R (based on analogy with tho modorn burning ground and MOA P) pro HE, 
includlng chunk HE and barlum. Thoro ai0 signlllcont amounts ol dobrls along tho north sldo of MDA R, A 
geophysical survoy at MOA R suggosts that tho dopth ol waste at MDA R Is shP110w. 

Tho SWMU at thls MDA Is listed In Modulo Vlll of tho laboratory's RCRA hazardous wasto focillty ponlt. 
RFI activltlos complotod at MDA R Include the following: 

- 
Phase I Investigotlon wus conducted In accordance wlth the R f l  work plan for OU 1082 (LAW 
1993,39940). 
Wookly status reports preparod in 199?. 

MOA A may be ovaluafed In accordanco with tho mothodology doscribed In thls document. 

2 6  MDAs W and X at TA-35 

TA.35, which Is also known as Ton Sit0 Laboratory, Is locatod ut an olavutlon ol approximately 7000 tt 
(2100 m) on P finger mom botwoen Monandad Canyon and Ten Slto Canyon, located within the 
Mortondad Canyon watershed. Tho depth to groundwater benauth TA-35 Is approxlmatety 7200 ft 
(360 m). TAGS Is currently usod for snfoguord studles, lasor rosoarch and dovolopment, and other 
exparlmental rosoarch. At TA-35's MDAs past wostb dlsposnl inciudos source prepamtlon, riIdlOnuClldv 
exporlmontatlon, nnd nucloar flsslon roactor dovolopment. 

The locotlon and approximate dimonsions of MDAs Wand X at TA-35 are shown In Figure 2,6-7. 
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2.6.1 MDA W 

MOA W (PRS 35-001) consists of two 4-ln.-(lO.cm-) dlomoter, 1254 (38-m) tong stainless steel tubes 
suspended vortically lnsldo 84n,-(20tm-) dlamotor wrbon=stooJasod wolls. Each tube, which has been 
backflltsd with nltrogon undor pressure and sealed, contains 150 I (39 gal,) ol liquid sodium roactor 
coolant contnmlnated with plutonium and associnted fission products. MOA W Is capped wlth concreto 
and sits on tho southern edge of Ten Site Masa above Ton Site Canyon. "hem a n  no stormwater rundtf 
concerns or any potentlai for oroslon of the cap, Therefore, thls site poses no impect on the Ton Slte 

' Canyon watershod. The depth to groundwater from tho bottom af the carbon-steelwed wolls is around 
1000 tt (300 m). MDA W was rocommondod for NFA In tho addondurn to the OU 1129 RFI work plon 
(Pmn 1994,43475. p. 6.6) on tho bask that no evldonce of G relensu oxlsts, the presont onglneerlng 
controlsprecludo ony mlgratlon of contaminants to the environment; assessment and remodiatlon options 
poso R grooter threat to humtin health and tho environment than leaving the slte os is; and the slte will be 
malntalned under porpetucil instftutional control. Thoro are no administrativQ COnttOlS regordlng access to 
tho site, 

MDA W will not bo evaluatod in accordance wlth the methodology descrlbed In this document, 

2.6.2 MDAX 

MOA X (PRS 35=002) is the former sit0 of the reactor from tho Los AlomOS Powor Reactor Experlment 
No. 2 (LAPAE=II), which was burlod in placo oftor It was decommissioned In 1959. MDA X was located 
near the southeast comer of bulldlng TA-35.2 on tho south sldo of Ten Site Mosa at an olevotlon of 
approxlrnately 7000 tt (21 00 m). Tho depth to groundwater bolow the former locotlon of MDA X Is 
opproximately 1160 tl(3A8 m), MDA X was romodiated In 1997 CIS an Interlrn nctlon. MDA X WPS 

rocommendod lor NFA In tho Addendum to tho OU 1129 RFI Work Plan (Prott 1994,43475, p. 6-7) 
becouso all reactor-rotated oqulpment and contaminated solls were rornovod. Afterwards, sol1 was 
sampled to confirm tho romoval of 011 constituents of concern Including radlonuclides and hazardous 
chomlcals, Thoro ore no odmlnlstrntlvo controls rogardlng accoss to tho slta. 

MOA X will not bo evaluated in occordanco with the mothodology describod in this document 

2.7 MOA C at TA-50 

The MDA C landfill at TA-50 (PRS 50-009) was astabllshed In May 7948 as roplacement for MOA B at 
TA-21, MDA C Is i m t o d  at the hood of Ten Site Canyon at an olovotlon of approxlmately 7200 ft 
(2667 m). Rgum 2,791 shows the layout of MOA Cat TA-50, 

f h o  depth to groundwater bolow MDA C 1s approximatoly 1175 tt (353 m) and runsll from thls slte entors 
Ten Slte Canyon, whlch Is located in the Monandad Canyon watershed. MDA C is an 11.8acre (U.7-hc) 
slto onclosed by a fonce. Radloactlvo and hazardous waste WPS disposod In seven pits and 108 shahs at 
MDA C botweon 1948 and 1965, The nvorqo depth of the MOA C dlsposal pits was 20 ft (6 m), and the 
avorago depth of shntts wos about 16 ft (4.8 m). The pits worn fllled betwoon 1908 and 1959, und the 
shafts wow fllled betwoen 1958 and 1965, Llmltod Information about wosto disposals ahor 1954 was 
recorded In log books. The total mdiologlccrl Inventory ostlmatos of MOA C are 196 CI in plts and 49,483 
CI in shafts (Rogers 1977, 0216), This ostlmato includes 28 CI of uranium (umnlum~233, -234, -235, -236, 
and 438); 49,136 Cl of coshm-1337; 31 C1 of strontium-90: 26 CI of plutonium-239: 149 CI of 
nmericium.241: 50 Ct of mixod fission products; and 200 Ci of mixed nctivntlon products. 
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A chronology of tho malor evonts penlnent to MOA C Is presented In Table 2.9 of the RFI work plan for 
' OU 1747. There Is llst of lnturred contaminants takon from slto logbooks In Table 2-70 of the RFI work 
plan for OU 1747 (LAN1 1992,76M), 

The SWMU at this MOA Is listed In Module VI11 of the Laborotory's RCRA hazardous wasto foclllly ponntt. 
RFI actlvities comploted at MDA C include tho following: 

0 Phaso I surfaco lnvecltlgotlon was conductod In 1993 In occordnnco with the RFI work plan tor OU 
1 147 ( U N L  1992, ?6?2). 

0 Phaso I subsurfaca invostlgntlon was conducted from 7994 through 1996 in accordance wlth the 
RFI work plan for OU 1 Id? (UNL 1992,7672). 

The data from those lnvestlgatlclns will be ovaluatod In occordanco wlth tho methodology descrlbod In this 
document. 

2 8  MDAFstTA-6 

MDA F [PRS 6407(a)J Consists of two tencod arms located at TA-6 on Twomile Mesa north of Twomile 
Mesa Road and south of the southwost fork of Twomile Canyon, Flguro 2.8-1 shows tho loyout of MDA F 
at TA-6. 

MDA F sits at an oiovotlon of approxlmately 7460 11 (2238 m). me depth 10 groundwater below MDA F is 
opproxlmotely 1275 tt (383 m). Run-off from thls sito ontors tho southwest fork of Twomile Canyon, whlch 
Is locatod within tho Pojarlto Canyon watorshed, In 1945, dofectlvo oxplosive lenses mnnufacturod for 
use In the Fat Man lmploslon weapon weto dostroyed In thls area by detonation. Some of theso lenses 
contained Bnratol, which contolns barium and trlnltrotoluene (TNT). In 7946, a plt was excavated to 
dlsposo large classlfied objects that could not be eeslly cut. Tho obJocts wore buried to protoct their 
closslflcatlon. In 1947, mother plt was oxcavatod to dispose other classifled moterlal. Two large dlsturbed 
moas, whlch may be these two plts, aro vlslble on 19% aorlal photographs. From 1949 through 1951, 
work orders were wrltten for three smaller plts to bo used for occnslonal disposal. The locotions and 
contonts of those plts aro unknown. From 7950 to 7952, three shatts woro drilled to dispose spark gaps 
contalnlng small amounts of ceslum-137. Nono of theso disposals corrolntos wlth job and work ordors In 
the archives. Tho throe shafts are probably inside of 8 smoller fence at MOA F, Tho areas lnslde the 
fances at MOA F hove bean continually monitored for rodloactivity sinco 1981 as part of tho Los Aiamos 
onvironmantal survelllonco progrnm. No rondlngs abavo background hove been obsemd. - RFI Phase I sampling was conducted In July 1994 In occordence with tho RFI work plan for OU 

1 17 1 (LANL 1993,26068). 
A voluntary correctlvo actlon (VCA) was implbmentod In August 1995 as described in the VCA 
completion report for PRS 06407(f) (Environmentnl Rostomtlon Project 1996, W O ) .  This slte 
was restored by recontouring and msoodlng wlth notivo grassos. A formal request for €PA 
concurrence to remove PRS 6407(f) from the MSWA module was prosonfed In the VCA report. 

MDA F will not be evaluated In accordance wlth the methodology doscribed In thls documont. 

2.9 

MDA M (PRS 09413) is locatad at an OIevOtlon of ?SO0 tt (2250 m) on Pajarit0 Mosa southwest at 
Pojarito Canyon. Figure 2.9-1 shows the layout of MOA M at TA-9. 

Location of MOA M at TA-9 
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The depth to groundwator below MDA M is approximately 1220 f l  (366 m). Run-oil from MDA M drains 
northeastward to Pajorito Canyon and southwnrd to a tributary informally known as Starmer Gulch, which 
is iocatud withln tho Pajarilo Canyon wntershcd. Mota1 and debris, gonerntod during the removal of Old 
Anchor Sites (East and Wast) and during tho cons:ructlon 01 the prosent TA.8 and TA.9 facllltlos 
(1 F48-65), hnvQ beon floshcd and deposited ovor the surfaco of this 3-acro aroa, Nonhazardous waste 
from tho construction of other sitos withln the Laboratory was also dumped here from 1960 to 1965, 

RFI activities at MDA M include tho following: 

0 

An oxpedltod cleanup (EC) was porlormed at MOA M as dcscrlbod in tho 'Expedited Cleanup 
Plan lor Solld Waste Managomen1 Unit 9-01 3" (Envlronmontal Rostoratlon Projoct 1995,47257). 
Phase I of the EC was conductod botwoon NOvQmbor 1995 and Morch 1996 (Envlronmontal 
Rostorntion Projoct 1996 62053: Environmontal Restoration Project 1997,56936). 
Phaso I! of tho EC Is plannod to cunfirm that cleanup action iovcls estobllshod In the Phose I RFI 
are still approprlato. Additionol sit8 oxcavotlons and sampling will bo dono for confirmation. 

MOA M will not bo ovaiuotod in accordancc with tho mcthadology described In this document. 

2.10 MDA 0 at TAD8 

MDA a Is locatod at TA-8 west of Anchor Ranch Road and south 01 TA-8-21 (Dynamic Exporimontotion 
Division OMce) In an orea known as tho TA-8 Gun-Firing site. Figure 2.10-1 shows tho layout of MDA Q 
at TA.8, 

MDA 0 Is a 0.2-acro (0,Ol -ha) sit0 locatod at on elevatlon of 7600 ft (2280 m) on Pajarito Moso withln tho 
Pojatito Canyon watershed. Tho depth to Sroundwater bolow MDA Q is approximately 1200 tl(360 m). 
Tho Gun-Firing Sit0 ConsIsts of PRS 8-002, an oxperimontal firing site lor spaclnlly doslgnod naval guns 
for developing tho Littlo Boy woapon, Two COncrciQ anchor pads lor the gun mounts and two targot sand 
butts stlll romain on tho ground surlaco. A burial ground for the naval guns, called MDA 0, Is listed as 
PRS 8=006(a) and 8406(b). PRS 8-006(b) was originally thought 10 bo a socond wasto MOA associated 
wlth tho firing sito, but has sinco boon detorminod 10 bo the same silo as PRS 8-006(a). The Gun-Firing 
Slto was actlvo only during World War JJ, and tho burinl ot MOA Q was conducted in 1946, MOA 0 
occupies an irrogulqrly shnpod roctangular aroa with dimonsions 01 opproximatoly 270 tt by 260 tt (81 m 
by 78 m). Wo boliovo that there has not boon disposal ot MDA 0 since 1946. 

The SWMUs ot this MDA nro listed in Module Vlll of tho laboratory's RCRA hazardous wnsto faclllty 
permit. RFI activities including radlological and geophysical sumoys were conducted at MDA 0 in 
Novombor 1993. 

MDA 0 may bo evoluoted In accordance with tho mothodology doscrlbod in this document. 

2.1 1 MOA S at TA-11 

MDA S (PRS 11.009) is D Ionced, active oxporlmonlol plot at TAD1 1 moasuring approxlmatoly 10 ft by 
10 tt (3 m by 3 m) and IOcatQd within the Water Canyon watershod, Figure 2.11-1 shows tho layout Of 
h:DA S at TA-11. 

MOA S sits ill an elevation 01 appraximatoly 7300 f l  (21 90 m), Tho dopth 10 groundwntor boiow MOA S Is 
approximatoly 11 60 ft (348 m). The moa is used to study the otfoct 61 soil and wonther on the 
decomposition of oxploslvos. The arm, which s l o p s  10 the soulhwest, Is woll vogotatod wlth grnssos and 
woods, locust shrubs, and two small ponderosa pines, The surrouneing arm is coverod with ponderosa 
pines and no drainago IntorsoCIts tho Slto. 
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Figure 2.10-1. Location of MDA 0 stTA-8 
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Mntcrtful Disposal Amos Cor0 bocumont 

Experiments to dotermine the ponistenclt uf exploslvss in soil new the drop tower complex at TA-11 
(whore the sansltivlty of HE is sludlod) wore lnltioted In March 1965. Somo oxporimonts am stlll active, 
having loss than 80 g (0,18 Ib,) of HE In their inventory. 

The SWMU 8t this MDA is lkrted In Module,Vltl of the Laboratory's RCRA hazardous wasto facility petmlt 
No RFI octlvitles have beon completed at MOA S, MOA S may be ovoluoted In accordonco with Ihe 
mathodology doscribod In thits document. 

2.12 MDA Y at TA-39 

Flgure 2,124 shows MDA Y [PRS 39=001(b)], which Is located at an elovation of $400 ft (1920 m) within 
Ancho Canyon, The depth to groundwater balow MDA Y Is approxlmaloly 590 tt (177 m). 

Runsff from thls slte dlre&ly onters Ancho Canyon. MOA Y was one oi sever81 pits at TA-39 used for 
dlsposlng waste consisting primerfly of dcbrls from firlng slto experiments, empty chernlcal containers, 
and offlco waste, MOA Y was the first disposal plt at TA.39 and wos used imm 1973 untll npproxlmntely 
1976, when plt 2 was put In uso. 

The SWMU at this MDA Is llstod in Modulo Vlll of the Laboratory's RCRA hatardous waste foclflty pornit. 
Actlvlties completod at MOA Y oro reported in these documents: 

'RFI Roport for Potential Reloose Sltos at TAG9 39=001(a, b) 39-004(0.e) 39-008" 
(Envlronmentcl Rostoration Project ,1997,55633) 

0 'Roquest for Supplomental In~otmatlon for RCRA Facillty lnvestlgation Repon for P o t ~ n t l ~ l  
Release Sites ot TA-39: 39.001 (aBb), 39-004(n-e) and 39408" (NMED lg97,56705) 

0 'Extension Request for Resubmission of tho TA-39 RFI Roport lor PRSs 39-001(0 and b), 
39.004(a-o), ond 39-008" ( L A N  1998,59905) 

MDA Y may be ovoluated in accordance with tho methodology described in this document. 
. .  .. .,. I .  . .. 

.I . . . . .  . .  . .. 2.13 MDAAAatTA-36 

MDA AA (PRS 36-00?) 13 locotod at an elevotlon of npproxlmatoly 6700 tt (201 0 m) within Potrlllo 
Canyon, whlch Is located within the Water Canyon wntorshed. Tho depth to groundwater b l o w  MOA AA 
Is approximntely 770 tt (231 m), t h e  first MDA AA trench was dug In mid-1960s to bum and dlspose 
debris and sond from tho flrlng shes. The oxnet number of trenches 1s unknown: howovar, Inlonetlon 
from two sources indlcates that there 8ro from two to four trenches (UNL 1990,54733). Fisure 2.13-1 
5hOWS tho layout of MUA AA at TA.36. 

Tho trenches provided safety and admlnlstmtlve controls for oxploslves and for m~terlols possibly 
contaminated with explosives; thoy also rodueod the volume of flrlng silo debrls. The lest active trench on 
the south side of MOA AA was closed May 12,1989 In occordanca wlth New Mexico solid waste 
regulations, Attar the lust trench was filled with burnbd dabris nnd covored with clean soll, the entire MOA 
AA trench area was graded to lessen tho potontlal of stormwater run-on and wnstf that would erode tho 
slte and lmpoct the Water Canyon wntorshed. Combustiblo flrlng sile debris, such os wood, Is still bumed 
on the surfoce of n permitted bum m a  100-300 tt (30-90 m) west of MOA. AA, 

I 4 

I 

. _ .  . 
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Mofon'ol Disposal Aroas Corc Documon! 

The SWMU at this MDA is listod in Modulo VI11 of tho 1aboro:ory's ACRA hazardous wosto tacillty pormlt. 
RFI octivifies complctod at MDA AA ilro roponod in thoso documonts: 

'RFI Ropon for Potontint Roloaso Situs n: TA-36 36-001,36-004(d) Skunk Works and Burn Pits, 
36-006" (Environmental Rsstorotion ProJect 1996, 54733) 
'Dcniai of RCRA Facility lnvostigotlon Roport at TA-36 Potontial Rolooso Sitot (PRSs) 36401, 
36-004(d), and 36-006 Datod June 21,1996 U N L  NM 0890010515" (NMED 1997,56667) 
'Intorim Action Completion Report lor Potontial Roloaso Sit0 at TA46 36-00l' (Envlronmontnl 
Rostorolion Projoct 1996, 54992) 
"Approval 01 lntrtrlm Action Cornplotion Roport for Potontint Raloaso Stto ot TA.36 36-001 MOA 
AA Dotoc! July 1996 EPA ~~NM0890010515 (NMED 1997,56305) 
"Roquost lor Extension lor Submittal 01 NcwlRcviscd RFI Roport PRSs 36-001 , 36404(d), and 
36.006 at TA.36" (Envlronmental Rastoration Project 1998,56927) 
"Extcnsion Request for Phoso I1  Sampling and Analysis Plan SAP Addrcssing Doticionclos in the 
TA-36 RF I Roport for PASS 36.001 , 36=004(4), and 36.006 (Formor OU 11 30 FU 2)" 
(Environmenlaf Restoration Project 1998, 59900) 

0 

= 

MDA AA will bo cvaluatod In accordanco wlth tho mothodology doscribed In this docummt. 

2.14 MDA A 6  at TA-49 

MDA AB [PRS 49.001 (a-g)] Is locatod at on olcvatlon of 7200 tt (2160 m) on Frijolos Mesa within tho 
Ancho Canyon watorshod. Tho dopth to groundwator bolow MDA AB Is approximately 7 720 f t  (336 rn), 

MD,4 AB was tho locn:ion of tho hydronuclcnr and rolatod oxporimonts performod from lato 7959 to mid- 
1961 that doposilod virtuolly all the contaminants that are oxpoctcd at TA-49, MDA AB ond TA-49 h a w  
had voly low othcr usos. Tho oxperimonts wore conducled to OSSeSS saloly of tho storago nnd 
transportation of nucloar weapons components. Tho oxpvriments were conducted In multiple shntts and 
chambvrs at depths betwoen 60 tt and 80 11 (18 m to 24 m), The lot01 volume of contaminated tuff has 
beon estimatod at about 1,000,000 ft3 (30,000 m'), The radiological inventory has beon ostimated as 
0,2 CI uranium-235 and 2.450 Ci plutonium.239, wifh soma flssion and actlviltion products nlsa likoly to 
be present. Solid lead used as shlolding ns woll os  small amounts of boryllium ore also contained in tho 
oxperimont chnmbors, Tho oxporimantal shafts woro Installed In lour different OrOilS in whnt are now, 
roughly, tho corners ol MDA AB. Tho arms wore numberod 1 through 4 with Aron 2 bolng subdlvided into 
areas 2A and 26. Figure 2.74-7 shows tho layout of MDA AB ut TA-49, 

In 1961 , tho surfaco over tho shafts In Aron 2 WDS covcrod with 8 clny/gfavol layer overlain with asphalt to 
stnbillzc rosldual surfaca contnmination, This pavorncnt was ramovod in 1999 as part of an interim 
moosum (IM) of tho RFI to protect tho silo lrom subsurface moisture which rosultt from S U ~ ~ C Q  wator 
pondlng, run-on, and inhibitod ovapotransplrotlon. That IM was completed by installing D clean, crushed- 
tuff cap contolning il wiremesh loyor to lnhlbit burrowing animols. It was covored wlth natlve grassos to 
promoto transpiration of moisturo and Inhibit oroslon, and gravel also to inhiblt erosion. 





Malorid Disposal Arons Coro Docurnonf 

t h o  SWMUs uI this MOA nro lisrod in Module Vlll of tho Laboratory's RCRA hazardous wasto lncility 
pormit. RFI octlvitios complotod at MDA A 6  include tha following: 

0 

Phase I investigation was conductod In 1994 In aecordanco with tho RFI wdrk plan lor OU 11p4 
(UNL 1992,7670). 
A plon lor stabilization octivitios was prosontod in tho "Stabilization Plan lot Implementing lntorlin 
Moasuros and Best Mnnagomont Practices ot Potonfial Roloaso Sltos 49-001 (b, e, d, and 8)" 
(Environmonfal Rostoratlon Project 1998, 591 66), 
Tho stablliration plan rocoivod on RSI (NMED 1998,59899) and thcn il NOD on tho rosponso to 
tho RSI (NMED 1998, 62663); responsus wore dovofoperf to both (Envifonmontal Restorotlon 
Projec! 1998, 62040: Environmontal Rostoratlon Projoct '1 998,6281 3). 
Bust management procticos (BMPs) w m  perlormod at PRSs 49-001 (b, C, d, nnd g) DS described 
in tho BMP completion ropon (Environmental Restoration Projoct 1999, 63047). Activities 
included Construction and stoblllzotion of a divarsion channol; installation ol a sllt ionce; 
down-grodlent channel stabilitntion; ramoval of a power polo; ond plocomont of Straw balm in the 
upgadient run=ofl channel. 

Subsoquont RFI actlvltios at MOA AB will be dovcloped in accordonce with the mothodology doscribod in 
this document. 

0 

0 
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3.0 ENVIRONMENTAL SETTING 

Los Alamos Notional Lnboro!ory (tho Laborntory) is locntod on tho Pajorito Plateau In north CGntrnl Now 
Mexico. The 43 mi'((t12 km') platoau slopes gently to tho QPst-southmst botwbon tho Jomez Mountains 
on the wost ond tho broad Grande Valloy on tho oaot whlch runa north to south. Elovations range from 
7600 to 6300 f? (2317 to I920 m) above mean sea lavel. Tho local rollof of the platoou conslsts of east- 
southesst-tronding canyons and mosas. This soctlon of tho document descrlbos the natural foaturos and 
ovonts of tho roglon, focussing on thosa that may impocl the rolenso or transport of Contaminants from 
material disposal amas (MDAs) around the Laborntory. Since most MDAs aro located on mesa tops, tho 
emphasis of thQ hydrology summary 1s an mesas, rather than cnnyons. 

3.1 Cllmatc 

The Pajarito Platonu has o tomperato somiarid mountain climate. Spring Is typically windy and dry. 
Summor begins with warm, usually dry condltions in June, followod by o two-month roiny season In July 
and August. Tho rainy soason onds In autumn whon tho climoto bocomes drior, coolor, and calmor, and 
wlntors or0 genorally mtld with OCCCiSiOnal wintor storms, Gonoral information about tho cllmato of tho 
Laboratory arva Is provided in tho onnunl onvironmontal survctillance ropons (e& Envlronmontal 
Survolllonco Program 1958, 59904) and in Chapfor 2 of tho Environmental Rostoratlon (ER) Project's 
Installation work plan (IWI)) ( I A N L  1996, 55574). Bowon (1990, Gi399) provldas dotalled data 
compilatlons and oxtonsilo slotisflcol summaries includlng proJoctoU probobillties for climate In tho Los 
Alamos area, 

Motoorologicel variablus ; i t tho LAbOrDtOIy aro moasurad at tivo towom on the Pajnrito Plntoau. Four of 
tho towers arc locatod on mesas and ono toww is located in Los Alamos Canyon. Local and rogienal 
topographical lootures si~~nlfican:ly lnllucncc tho local motoorology of tho Laborntory (6aars ot 01. 1998, 
6389 6). 

3.1.1 Tcmpcrature 

Tho alevotion of the Pajorlto Platoau 13 tho primary intluonco of tompcroturo; tho platonu is coolor In tho 
surnrnor than tho surrourlding low-lylng closon. In the ovonings and nl night, cool alr slnks off the protonu 
ond flows down tho canyons; thus, nighttlmo tompernturos on tho mosas or0 otton warmor than In tho 
canyons and at lowor 0levatiOns. The gemorol lock of moisturo in tho otmasphero also influoncos 
tomporaturo. Wlth loss moisture, thorG I!I less cloud covor, whlch allows a significant amount of solar 
hoatlng during the doytinio and radiativo cooling during tho nighttlrne. Thls heutlng and coothg causes 8 

wide rango of daily tomporaturos, Tho avoragos range is 13% (LANL 1998,59904). 

3.1.2 Prcclpltatlon 

The avorage annual precipltation, from roinfall and tho water oqulvalent from frozen procipitntlon, is 
47.6 cm (18.7 In.), However, tho annual tatof fluctuotos considorably from yoar 10 year, with the stnndnrd 
dovlation of tho fluctuatlon being 12,2 an (48  In.). Tho lowost rocordod annual precipitation Is 17.3 em 
(6.8 In.) and the highost Is 77,l cm (30.3 in,), The maximum procipitatlon rocordod for a 24-h pcdod is 
8,8 cm (3'5 in.) and the tnaximum for a75-minuto poriod is 2.3 cm (0.9 In.). Tho oastorn portion of fha 
plofoau offen rocoivos 13 cm (51 in,) lass annual precipltation than tho wost-contral porflon of the 
plateau. About 36% of t t m  annulill procipitation falls during tho JulylAugust rainy season. 

Wlntor proclpitatlon occlirs mostly as anow, Tho snow Is typlcally dry: 20 units of snow Ore oqulvolent to 
1 unit of wator. Tho annual snowfall averages 150 cm (59 In.) but from year to yoar tho amount of snow Is 
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qultc variablo. The standard devitrtlon of annual snowfall i3 71 cm (29 In.). The highest recorded snowfall 
for ono soason Is 389 cm (153 In.), and tho hlghest rocorded snowfall lor a 24-h perlod is 56 cm (22 In.). 
In LI typiml wlntot thore are 14 days durlng which snowtall oxceeds 2.6 cm (1 In.) and 4 days of snowfall 
oxcoodlng 10.2 cm (4 In.). The most oxtremu slngle=storm snowfall on record is 7 2 2  cm (4 ft). 

Rolntlvo humidity v~rles considerably dally, but monthly averages vary llttle durlng the yoar, Refatlve 
humldlty mngos from 39% In June to 56% In Deccrnbor, and averngos 51 % ovor tho ontlre year. Absolute 
humldlty rnngos from 2.6 g of water/rnJ of alr in January to 8.7 g/m3 In July and August, when moist 
subtroplcol air Invades the region durlng the ralny season. Fog In tho Pajarito Plateau amp is very raro, 
occurring less than flvo tlmes a year on averago, 

3.t.3 Winds 

Wlnd conditlons on tho Pajarito Ploleou am generally light, and the average annual wlnd speed Is 2.5 mls 
(5.5 mh).  Howover, tho wlndy soason from midgMvlorch to oarly June sustdns wlnd speeds oxcoodlng 
4 m/$ (8.8 m h )  20% of tho tlmo durlng tho day and the dally maxlmum wind gust oxcevds I d  mls (31 
mVh) about 20% of tho tlmo. Tho hlghost wlnd gust on rword Is 343.4 m/s (77 mh). Tomndoos havo not 
touched tho ground In the Pnjariro Platoau area; howovor, funnel clouds have boen obsorvod In Los 
Alamos and Santn Fo Countles, 

Wlnds ovor the Paforflo Plateau show consldorablo spatial ttructum and temporal varlablllty, Ourlng 
sunny, Ilght-wlnd days, an upslopo flow grootest dong tho western margin ol the plateau usually dovolops 
over the platoau In tho momlng, By mlduoy a southorty flow usually provalls ovor tho ontin plateau. 

The prevalling nighttlme WlndS ovor tho Wostorn ponlon of tho platoau are west-southwestorly to 
northwostorly. Those nlghttlms wosterllus result from cold air dralnogo off tho Jomor Mountalns and the 
Pojarito plateau; the drainage layor Is typically 50 m (1 65 If) doep In the vlclnlty of Technlcol Area (TA) 6. 
At stations inrthor from tho mounlalns, thu nlghnlmo dlructlon Is mom varloblo but usually has a rolatlvely 
strong wosterly component. Just abovo the drnlnogo layor, tho provaillng nlghttlmo flow is usually 
s0uthwOstedy. 

Obsorvatlons mads at rnoteorological statlons in canyons show that atmosphorlc flow thoro Is quite 
dlf'lQront from flaw over tho m03as. Durlng thQ nlghttlmo, cold alr flows down tho canyons about 75% of 
tho tlme, Thls grovlty flow Is stoody and contlnuos for on hour or two atlor sunriso when It abrup!ly coases 
ond is followed by an unsteady upcanyon flow foro couple of hours. 

3.1,4 Solar Jrradlancr 

Solar lrradianco measurements show that Los Alamos rocolvos mom than 75% of possible sunshine 
onnuolly. (Posslblo sunshlno Is deflned 11s the amount rocoivod whon tho sky Is cloud=freo,) During most 
of tho year, whon thero is no snow on tho ground, about 80% of this incoming solor enorgy is clbsorbod at 
the ground surfaco. About half of this absorbed shomovo onorgy is otlset by longwove radlatlon to 
space. Tho remainder of tho radlant onergy, callod the net all-wnvo rodlatlon, I3 dlsslpatcd Into the soll, 
into tho loww loyer of the atmosphore, and ovuporates wotorfram the soil and plants 
(evapotransplmtlon). Prdlminary analyses suggest that monthly total ovapottanspiration reoches a 

' maxlmum of 7.4 em (2.9 in.) In July. Monthly totals during January and Fobruay ate about 0.8 cm 
(0.3 In.). It appoaffi thot ovapotronsplrstion oquals approximately 90% of the annual preclpltatlon. 
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3.1.5 MDA-Spcclllc Climate 

TA.6 1.7 t,n ~ 5 ~ 0 3  ma9 2.49 18-87 Modlum 
TA-53 1.3 4.36 1 6 , s  1597 2% 18,94 Hiah 

Tho varlations In local cllmato across tho plotoou and botwQ9n Individual MOAS ore prlmarily influoncod 
by an MDA's location, The western third a! tho laboratoty property Is typically woner and more tompornto 
than tho lost 01 tho Laboratory. Typically, mesas are sunnior and have strongor wlnds than tho canyons 
or slopes. thorofore, on MOA'S location detormlnes the wlnd volocltlos, temperature vcriablllty, 
preclpltatlon, and solar irradiance there. The comblnolion of those local paramoten establish an 
evapotrnnsplratlon potential, A summary of local cllmoto data for the MOAS os meosurgd at the neilrost 
Laboratory meteorologlcal station Is presontod In Table 3.1-1. 

U Mesa 1 TA-53 ! 1.1 14.38 /16,58 

Table 3.1-1 
Summary of MDA Cllmete Data 

15.97 2.9 18.94 Hlgh 

Average 1 ~ I 1 1 1 Tempixi~ture I 
Closest from MDA to 

AA Canyon 
AB Mow 

& Proclplbtlon Winds 
Mln Max (InJyr,) (mls) 

A /Mom I TA.53 1.2 4.36 16.58 15,97 2.9 
4.36 16.58 15,97 2.9 

TAM54 t.8 0.99 17.58 1 14.57 2.74 19.23 Low 
TA.09 O,? 3,44 16,18 1 18A8 2,4l 10,lO Hlgh 

-~ ~ 

D MOSO TA*M 1 3,7 0.99 117.58 I 14,57 2.74 
E Mom TA.54 I 4.1 0.99 117.58 I 14.57 2.74 

- 

Shart 
Wave 

(NMlrn3 Potrntlal 
Irradlance Evapolransplratlon 

ia.87 
19.23 
f 9.23 Hhh 

I F I SJODO 1 TA.6 1 0.4 1 1.77 1 15.03 I 19.69 I 2AB 1 18.87 1 Mcdlum I 

0,99 1 7 , s  1457 2.74 10,23 1 Low 

Modlum M Slop0 1 TA-6 I 1.2 1.77 15.03 19.69 2.49 18.87 I 

V MQSO 1 TA-53 1.2 4.36 16.58 1 15,Qt 1 2.9 ia.04 HlQh 

W Mosn TA-6 1.6 1.n 15,03 19.69 2.49 18.87 W l ~ h  
2.49 18.87 Modlum 

~~ 

r Y  )Canyon-! TA49 I 2.2 13.4.4 I16,18 I 18.68 I 2.41 1 19.14 I Low I 
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Material bispaal Areas Core Document 

32 Geology 

Discussions of the regional geologic sonlng of the Pajorilo Plateau nre presentod in Griggs (1 964,8795): 
the IWP.(LANL 1996,55574): the Hydrogeologic Workplan (LANL 1996,55430): and, most recently, the 
Core Document for Canyons Investlgarions (LANL 1997,55622, p, 3-6). 

Tho surfcce'dlstributlan of bedrock geologic units In tho Pajarlto Plntouu m a  Is shown on geologlc mapo 
that have beon prepared by Grlggs (1964,8?95);.Smkh et at. (1970,9?52): Puq'mun and Kennedy 
(1971,.4798); Venlman and Wohleo (1990,21589); Rogers (1995,54419); Dethler (199?, 49843): and 
othors. The subsurface geology has b o n  lnvestlgated wlth a number of deep boreholes including the test 
wells ("W-well), deep test holes (DT-holes) munlclpal supply wolls (LA-wells, O-wells, and G=wells) (e,g., 
Purtymun 1995,45344), and more racently by the roglonol aqulfer characteriratlon holes (R=walls) thot 

I are described In tho Hydrogoologlc Workplan (LANL 1996,55430). 

The prlncipal bedrock units In the Pajorlto Platoau arm consist of tho followlng, In oscending ordet: 

' = Sonta Fe Group: 4-21 Ma (Manley 1979,71714) 
Puye Formation: 7.74 Ma (Turbevllle et at. 1989,2158f; Spell ot at, 1990,21586) and 
interstratifled volcanic rocks Including tho Tschlcomo Formatlon on the west: (2.5347 Ma) 
(Gardnerend Goff 1984,44021: WoldeGabrlel eral. 1996, W27) and basoh of the Corns dol 
Rio volcantc fleld on the east: (2-3 Ma) (Gardner and Gaff 1984,44021). 
Otowl Member of the BandellerTutf: ca 1.61 Ma (1:ert and Obrodovich 1994.4817), tephras and 
volcanlclastlc sedlmcnts of the Corn, Tolodo Interval (Brbxton and Reneau 1995,49726, p. 11) 
Tshlrego Momber of the BandoltorTutf: ca 1 2 2  Ma (IrQttand Obradovlch 1994,4881t; Spell et 
01,1990,21586) 

Figure 3.24 shows the gonorallzed strotlgraphy of the Pojarllo Platoau, Flguro 3.2.2 shows P gonernllted 
cross=sectlon from wost to aast across the plntaau. ' 

32.1 Santa Fa Group 

Santa Fa Group Into throoo formotlons, which uro (In ascondlng order) the Tosuque Formatlon, the 
Chamlta Formatlon, and a coarse-grained upper focles. 

' Based on borohole llthologlcal and goophyslcal logs, Purtymun (1995,45344, p. 4) Informally dlvlded the 

Tho Tosuque and Chamlta Formations Pro tarrostrlal Sed1mQntaI-y doposlts that fllled the EspaAola Bash 
of tho Rio Grando during subsidence In late Tortlory time. Tho coarse-grolned upper facies of tho Snnta 
Fe Group was deposltod In a lot0 Mloceno trough 3- to 4- ml- (4.8- to 6.4. km) wide and 7- to 8- mla 
(11- to 13- km) long that oxtended nonhoastward beneath the Pajlorlto Plateau (see Figure 2 4  In the 
hydrogeologlc work plan [LANL 1996,554301). Thls trough Is filled wlth up to 1500 it (approximatoly 
450 m) of gravols, cobbles, and bouldors derivod from the Jomez volcanic fleld and with volcanic, 
metamorphic, and sedimentary rocks derived from highlands to the north and east. fhe trough Is partly 
coincident with low.gmvlty anomolles that Ferguson et al. (1 995,56018) lnterpretod US a sedlmont-fllled 
graben on the western sldo of the Espaflola basin of the Rlo Grando rltt. The eastern slde of thfs trough 
crosses Canada del 8uey noar state road NM4. The wostem margin of tho trough Is not well constrained 
but may be located In the western poclon of the Laboratory. 

. . ,' . .  

. '* 

, .  
' I .. , . .  



STTRATIGRAPHY 

Flguro 3.24 

ER19990061 

GRAPHIC LITHOLOGY M D M  

F, Q A h ............................................................................ 
............. .................................. .................. T M.N,.R,.S~Z,AB ............... ................................. P ...................................... 

A, 13, C, K, T, U, V, W, X 

0, E, G, H, J, L 

....................................................................................... !4 c \ 

....................................................................................... \ Y, AA 

..................................................... \ 

........................................................ 

........................................................... 

F U . 1  I MOA- ba/W16WwlmM 

Gonorollzed stratlgraphy ot bedrock goologlc units of the Pajarlto Plateau 

3-5 Augusr 1999 



.. . 

I '  . . 
:.. ! . .  

I . ' .  

- 9  , . .  . .. 

b .  . .  
. .  

.. . 

. . I ,  

.. . *  

Malerial bispos~l Areas Con, Oocumenl 

Sierra de 10s 

Horlronlol acols: 
0 5 mlles 

Flgure 33.2 Generalized cross-section of the Pajarlto Plateau 



3.2.1.1 Tesuquo Formattan 

Tho Tosuquo Formation prlrnarlty conslsts of poorly consOlidatOd, light pinkish brown, sllty sandstone, 
siltstone, and claystone (Cooper et cl. 1965,8582, p. 59). Tho sandslones aro predominately fine- to 
medlum-grained, and the sand grains are subroundod to well rounded. The Tosuque Formatlon alsO 
contains intorbeddod gravol und conglamorato bods and basalt flows In the oastem pnn of the Pajarito 
Platoau. 

3.2.1.2 Chamlta Formation 

The Chamlta Formation Is slmllnr In appearanco to the Tusuquo Formatlon but reponodly contalns a 
larger proportion of vokanlc and granitic clasts in Its gravol layers (Golusha and Blick 1971,21526, p, 71) 
and Paloorolc limestono cobbles In its conglomerate layers (Dethlcr and Manlcy 1985,21506), The 
Chamlra Formation contains llthologlcolly distlnct quartzitic gravols (Galusha and Bllck 1971 , 21 526, 
p. 71). Uppor layers of the Chomlta Formation moy contaln cobblot of Jomet volcanic rocks, prlmorlly 
andosilos and dacltos, Howovor, because ol slmlloritles ol appeoranco, obvlous tlrnrr ovurlaps, ond 
Intorflngerlng r~lations, dltlorentlatlon of tho Chamlta Formofion from tho eonrso-@ned uppor fncles ai 
the Santa Fo Group Is ofton dlff icult, partlculorly in borohoie Invastlgotions, The coarso-gralnod uppor 
fades of tho Santa Fo Group may bo a facies varlatlon of tho Chamlta Formation, 

3.21.3 

The coarso-grained uppor foclos of tho Sanfo Fo Group Is composod of a mlxturo of volcanic debris from 
tho Sierra de 103 Vollos and arkoslc and granltlc dobrls irom tho highlands to tho north and east of the 
Pajarlto Platoau, Purtymun (1995, 45344, p, 6) callod this distlnctlve group of coarso-gralned sodimonts 
a? the top of the Santa Fo Group the "Chaquohul Formation," Tho nama "Chaquohul Formatlon" os 
roloted to Santa Fo Group sodlmonls Is o potontially confuslng doslgnatlon bocnuse the typo section of 
tho "Choquohul Formation" In Chaquohul Conyon Is much younger than tho coarso-gralnod upper fncios 
of tho Sontn Fe Group Identlflod In boraholos on the Pojarlto Plaloau. The "Choquohui Formation" 
constitutes qunrtzlto clast-boaring maar doposits of tho Cerros del Rlo volcanlc field. In P M 4  tho upper 
cOarSw~rainf3d facles consists of modlum- to coarso.grdnod sandstone, conglomemta, and slftstone 
(Purtymun 1967, 11829, p. 9), Bocause of thc high pcrmeobility charactorlstlcs of thls faclos, )I Is an 
imponant aquifor for tho dovelopmont of high-ylold, low-drawdown munlclpol and Industrial WOtor supply 
wolls on the Pajarlto Platoau. 

The doep boroholos In tho Oastem part of tho Pajarito Platoau oncountorod basaltic lave flows that aft? 

lntorbsdded wlth tho sodimontory deposits of tho uppor Santn FQ Group, Those basnlts range In 
thickness from 30480 ft (9.1-146 m), Thoy genorully ora deserlbod os dark gray and denso, but rod 
vesicular zones nro also prasenf (Coopor et 01,1965,8582, p, 60; Purtymun 1967.1 1829, p. 9: Purtymun 
7 995,45344, p. 263). 

Coarsc-Gralnod Upper Facies of the Santa Fa Group 

3.2.2 

The Puye Formatlon Is mostly a fanglamornto doposit gonorally conslstlng of poorly sorted bouldors, 
cobblos, and coarse sands, At PM-3 the clasts are composed of dacite, rhyollto, and fragments of basalt 
and pumico (Punymun 1967,11829, p. 8). At TW-8 in Monandod Canyon, the fanglomerate consists 
predamlnatsly ol fino- to conrso-grained sands and Intorbodded clay, silt, and gravel (Baltz et al. 1963, 
8402, Figure P ) ,  Tho lawor fanglomoratc Includes more than 95 tt (29 m) of light tan 10 light gray tuff and 
tuffaceous sand, 

Puye Formatlon, Tschlcoma Formation, and Certos del Rio Bastlltr 
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me lower Puye Formatlon includos toam0 .sand and bouldor depoblts intorprated to ropresont an axial 
facies deposit of the ancestral Rlo Gnnde as Uescrfbed by ManlQy (1976,57673) and Dethlor (199?, 
49843). 7118 wlel facles deposlt wns provlously (Informally) called the "Totovl Lentll' of Griggs (1964, 
8795). Thls deposit Is composed of grovot and boulders of daclto, rhyollto, and quQfklte (Purlymun 1967, 
iie29, p. 9). Tho thicknoss of tho oxinl locies aoposit vorias from 40-70 tt (12-21 m) (Purtymun 1995, 

, 45344, pp. 2751277). The uxlal facies deposit Intorflngen wltn the fanglornerotos of the Puye Formution 
and basaltic rocks of tho Corros dol Rlo volconlc fleld In White Rock Canyon. 

I .  , . . .  . . .  . .  
, .  . .  

Boneeth the eastern psn of the Pojnrito Platonu, o sequence of brown and gray basaltlc lava flows spllt 
the Puyo Fomntlon Into tho main lower part and o thin upper part (Purtymun 1995,45344, pp. 275277), ' 

In somo areas, these basalts Pro prosant baneath tho Guuje Pumice Bed, although variable thlckness of 
fanglomerate facies may be present above the basolts, Tho basolts or0 strotlgraphically equivalent to the 
basaltic rocks of the Cerros del Rio volcanlc fleld and probably roprosent an extenston of that volcanlc 
field boneath the Pajerlto Plateau, 

Oacltlc volcanlc rocks, prosumabJy roprosontlng the dlstnl edge of a Tschlcoma Formatlon lava flow, were 
oncountered beneath the BondollorTutl In borehole SHB-7 (locatad west of TA-55). The daclte flow 
appears io occupy LI slrnilar stratigraphic posltlon wlthln the P u p  Formatlon, us do tho basalts, Slmllar 
doche flows may underlie the upper and mlddle sections of Sandla Canyon, Thls may Indlcate that tho 
volcanic flows In m e  Puye Forrnstlon do nor cmond laterutty beneath tho ontlro Pajariro Plateau, 

The top of the roglonal zOnQ of soturatlon bQneQth tho Pojarlto Platoau Is usually encountered within the 
fonglomoroto fncles of the Puye Formation and tho assoclated lnterbedded bamlts. 

323 Otowl Member of the Bandcller Tuff 

The Otowl Member Is a nonwoldad, poorly consolldutod tgnlmbrlto sheot composed of stacked esh4low 
units. These unlts are composed of pumlco lepllll supported by er matrlx of ash and crystal tragments. The 
Otowl Member varies In reported thlckness from 184465 tt (56-142 m). The deposits of the Otowl 
Member benaath'upper Sandia ond'middle Mortandad Canyon (near 'W.8 and EGH-LA-1) are among 

' the thickest on' the PaJarlto Plateau from deposltlon In a pre-BnndellorTutl paleovalley (see Flgure 5 In . .  . . .  
' I  ., ' 

Broxton end Renew 7996 [55429, p. 3301). The paleovolley contalnlng :he Shlck Otowl Member 

The basal part of the Otowl Memborlneludos the GuaJo Pumice Bed, whlch Is a sequence of weC 
'strotlfled pumice=fall and'ashlall deposlts. The GuaJe Pumlce Bed typically Is 30- to 35- tt- (9.7-70.7-m) 

_ I ,  

, ' ' ,  

, . , '  . sediments contlnues southward across the Pajarlto Plateau. 
, '  . 

./ , ,; ' 
' 

. I !  

, .'; 

,'; ' 

. ' .thick beneath the Pojorlto Ptateau (27 ft [8 m] at PM-2). 
. .  . .  , , 

, I  
. .  

. , . .  
I , .  , , ' 3 2 4  ' Tephras and Volcsnlclastic Sedlments of the Cerro Toledo Interval 

. .  ' : Tephras and volcanlclostlc sodtmonts of the Cerro Toledo lntorvol Is an Informal name glven to a complex 
' , ' , 'sequence of epiclasrlc sedlments and tephras of mtxed provenance (Oroxton and Reneau 1995,49726, 

. ';. ' ' p:i.f). Thls,unlt includes wellmotlfled tuffaceous sandstones and siltstones, prlmary ash=fall and 
. ' ' . I  . purnlce-fall deposlts, and daclto-rlch gravel and bouldor deposits. The Cerm Toledo deposits, which vary 
;' ' . ' . . .  ' In thickness from 0 to more than 100 tt (30 m), likely were deposited opisod~cally with unevenly distributed 
. ' . / ,  local deposlts. Somesedlments wore depostted in dnlnage channels deVQlOped on top of the Otowl 

. , .'.I I Member before deposltlon of the Tshirege Mombor, Other blanket-type fallout deposits were deposited 
. . b. ' ' ' across,the plateau, lncludlng'on palootopogrophic dralnoge divides. Erosion and possible redeposition of 
" '  . ' ' . 

' the Cerro Toledo interval sediments and possibly the undorlylng Otowl Momber occurred in places before 
. . .  F ,  I . deposltlon'of the'Tshlroge Obt I unlt, whlch may have contributed to 1ocal)y variable thlckness. t h e  Cerro 
" 1 1 1 ,  .. : 
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Toledo intarvnl is approximately 140-!7-(43 m) thick in SHB-1 (Gordnor ot nl. 1993,12582, p, 9) and 
approximatoly 80-ft=(24 m) thick in boroholo 35.2028 located In Ten Site Conyon (Environmantal 
Restoration Projoct 1996,54422, pa 2-3). 

3.2.5 Tshlregc Mcmbor of tho Bnndcller Tutl 

Tho Tshiroge Member is a mul:iplo-flow ignimbrite shwt that forms tho prominont cliffs and mesas of the 
Pajorlto Plafeau, Tho Tshlrogo Member includos il numbor of subunlts that can bo rocognlzed based on 
difIoronCOS in fjhysicnl and woatherlng properties, Thls documont follows tho nomenclaturo of Broxton 
and Ronoau (1995,49726, p. 8), which was adoptod as n standord by tho ER Projocr. 

Subunits of the Tshirege Momber 
0 

0 

a 

0 

Tho T!rankawl Pumice Bed (Qbn) Is the basal pumico follout doposit of tho Tshirege Momber. 
This pumico bod typically is 7 -  10 34t-(0,30- to 0.91-m) thick in this part of tho Labrotory. It is 
composod of angular to subangular clast~supported pumlco lapilll up to 2.4 in. (6 cm) In diomator. 

Qbt lg Is the lowormost unit in the thick ignlmbrile shoe! that makos up most of the Tshirege 
hlomber. Ob1 1g Is a porous, nonwoldod, poorly sorted, vltrlc lgnlmbritc. It Is poorly Indurated but 
nonotlioloss lorms stoop ciltfs bocouso 0 roslstant bonch noar tho top of the unit farms a 
protocilvo cap ovor tho softor undorfying tut!. Obt lg undorlics most of tho mesas and Is oxposed 
in canyon walls on tho Pojarlto Plntoau. 

Obt l v  1s a sorlos of cliff- and slopo4ormlng outcrops COmpoSod of parous, nonwoldod, dovttrlllod 
lgnirnbrito. (All unlts above Ob1 l g  are vopor.phasr3-oltercd and devitrifiod,) Tho bas0 of tho unit Is 
a thin, horizontal Zona of protorontial woathoring that marks tho abrupt transition from vltrlc tuffs 
below to devitrifiod tuns nbovo; this fonturo iorms it rnappoblo rnorkor horizon an canyon walls In 
ponlois of mlddlo and lowor Sandla Canyon. Tho lowor pan of Obt l v  Is a rosistant orango brown 
coIonii&du tuff (Qbt Iv-c) that forms P dlstlnctivo low clM charncloritod by columnar jolntlng, Tho 
colonnade tuff Is ovorlnln by a distinctive whlto bnnd of slope-formlng tuffs. Qbt l v  Is oxposod In 
canycln walls and is prosont bonoath portlons vl conyon Iloors. 

Qbt 2 lams D dls!inctlvo, medium-brown, vortical cllti-forming unlt that stando out In markod 
contrrist to the slopo-forming, Ilghtor-colored tuns obovo ond bolow. This unit is dovltrlflod, 
rolativefy highly welded, and forms the ofsop, nwow canyon wolls In tho central and ons:om 
porticns of the Pajarlto Platoau and underlies canyon floors in tho central and wostom portions of 
tho platoau. Obt 2 forms D rosistant coprock on mesa tops In tho oastorn ponlon of the Pnjarito 
Platesu and Is the mesa caprock at Mosito del Bucy and at many of the MOA% 

Obt 3 is a nonwcldod to partlolly woldod, dovitriflod lgnirnbrito. Tho basal part of Qbt 3 consists of 
a soft, nonwolded tuff that forms 0 broad gently sloping bench on fop of Qbt 2 In canyon wall 
oxpo!;uros and on tho broad canyon tloors in tho CCnlrnl part of the Pa~orltO Plotoau, Tho uppor 
pan cif Qbt 3 Is D partially woldod tuff that forms tho caprock of mesas In the central part of tho 
Pojarlto Ptnloou, such as at TA-50 and tho town of Los Aiamos. Thls unlt Is more donSQly woldod 
to t h e  west and locally contclns opparcnt horizontal boddlng and/or frcrcturlng. 

Qbt L is a pnnlally to donsoly woldod ignimbrite charactorlzed by small, sparso pumices and 
numclrous Intercalated surgo deposits. This unit is exposed on mesa tops on the wostcrn part of 
the Fajarlto Plntoau such as at TA-3. Some of the most densoly woldod m a s  occur on tho 
weslrirn margin of tho Laboratory. 

Tho majority of MDAs are locntod within tho uppor units of tho Tshiroge Momber of tho Bandollor Tuff, A 
summary of local geology presont at tho MDAs is prosontod in Table 3.2.1. 
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Matorid Olsposcll Areas Core Document 

Strallgraphlc Unlt Geo hydrologlc 
Depth 

Dlsposal Disposal 
Bottom Bottom Fractunr 

MDA Surface Unlt (n) Unlt Devltrlflcatlon Weldlng lnduratlon Occurrence 
A Tshlrogo Mombor, Unit3 30 Unlt 3 Dovltrlflod Nan Slloht Raro 
0 T~hlrogo Mombur, Unlt 3 18,5 Unit 3 Dovitrlfiod Non Sllght RnfU 

, c  , Tohlreoo Mombor, Unlt 3 1 20 , U7lt 3 , Dovltrllled t Non , Slloht , Ram 
I 

Table 3.24 
Summary of MDA Local Goology 

~ 

D 
E 

~ ~~~ ~ ~~ ~ 

T8hll'OgO MOmkf, Unlt 2 48 Unit 2 D o v l i f k  Sllght Strong I Many 
Tshlmao Momber, Unlt 2 48 Unlt 2 DovItrlII~xl 1 Slloht StronP I Manv 

F 
G 
H 

El CaJolelAlluvI~l fan 4 0  Unlt4 Oevllrlllod Non Slight Ram 
T8hlrOgO Mombar, Unit 2 60-70 Unit 1~ Dovltrlfled Sllght Stmng Many 
Tshlmga Membor, Unlt 2 60 Unit lv(u) OovltrMed Sllght Strong Many 

K I Tshiroge Mombor, Unit 3 8 I Unlt 3 I Dovltrlllod Non 
L Tshlrogo Mombor, Unll2 65 Unlt lv(u) I Devltrlllod Slloht 
M El Caloto/Unlt 4 n/a* I Unit4 I Devilrllled I Nonimod 

Slight Ram 
Strong Many 
Nonlmod Rarolmony 

I W 1 Tsnlroae Mombor, Unlt3 1 135 I Unit 3 I Dovltrlfled I Non 1 Slloht 1 Raro I 

N 
P 
Q 
R 
S 
T 

~~ ~~~~ ~~ 
~- -. 

El CaJoloNnlt4 4 0  unia Dovltrlllod ' Nonlmad 1 Nonlmod Aarolmany 
Unlt UUnlt 3 n/a Unlt 4 Oovllrlflod MWnon 1 Modlsllght Monylmod 
Alluvial IadEl Colato 4 0  El CaJoto Dovltrllled Non Sllght Raro 
Alluvial tadunit 4 nla Unit 4 Devitritiod Non/rnod Nonlmod 1 Ramlmony 
Alluvlal IadUnlt 4 e10 Unit4 Dovilrlliod Nonlmod Nonlmod I Rarolmnny 
Tahirooo Momber, Unlt 3 GO Unlt 3 Oovltrlllod 1 Non Sllpht 1 Rare 

39.6 Geological Structure 

U 
V 

Subunits of tho Tshlmgo Momber dip gontly SOUthQQStward on tho Pajarlta Platoau, The southwnstward 
dip of theso fulls probnbly 13 the primary lnitlnl dip, mainly rosultlng from tho budnl of LL southoast-dlpplng 
paleotopographlc surfnco and thinnlng of subunlts away from tho volcanlc sourco to tho wost. 

~ ~~~~ ~ 

Tshlrogo Mombor, Unit 3 1 13 I Unlf3 1 Oavltriflod 1 Non Slight Raro 
Tshiroaa Momber. Unlt 3 1 10 1 Unlt 3 I DOVllrlflQd I Nan Sliaht Raro 

The paleotopography of the pre-Tshlrege surffaco may strongly Influanco the dlrectlon of possiblo 
groundwetor flow and COntOmlnaflt mlgMtlOn In subsurfaco units boneath MOAS, Sodlmenb of the Cero 

Y Aliuvlumlllnlt 10 
2 El CajotdUnlt 4 

AA CoiluviumlUnit i g  

A8 Tshlrogo Member, Unit 4 
Area 4 

~ _ _ _ _ _ _ _  

12-15 Unit 10 Vltrlc Non/non Nonlslight Ram/somo 
10 Unlt 4 Dovltrlllod Nodmod Modlstrong Aarolmany 
4 0  Unit i g  Vitrtc NoWnon Nodsllght Rardsomo 
65-80 Unlt 4 Dovltrlfled Mod Strong Mmy 
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Toledo InterJiiI am prosent benoath the Tshirogc Mcmbor of tho Bandolior Tuff, Available data from test 
wells and borDhole drilling on tho Pajarilo Platoau, especially data from the Pajarit0 Mosn rnuniclpal 
supply WOII fiold and at TA.54, hclp defino thls palootopographic surfaco. The oxisting data indicato that a 
Corro Tolodo-ago drainago systom Iikoly hoads on tho flanks of tho Sierra da fos Vallos In the ai08 of the 
hoadwators of Los Alamos Canyon. The channol systom oppoars to trond to tho soulhoast and crossos 
obliquely benoalh the Pojarito Platoou and contlnuos sou'hoastward to south of the Whito Rock basalt 
high (Broxton and Rcneau 1996, 55429, p, 331). Doclto boulders in the Cerro Toledo lntarvd are 
~xposod In lowor Water Canyon eost of stat0 road NM4, which indicates the prosonce of a large channel 
systom withirt tho Cerro Toledo Intorvnl, Similar volcanic bouldors in the Certo Toledo interval hovo also 
boon encounlored In boreholes SHB-1 and 3592028 (in Ton Slte Canyon) and outcrop In lower Sandla 
Canyon near PM-1. Tho dock  bouldors in lowor Sandla Canyon may roprosent a separate channel 
system wlthiri tho Corro Toledo interval that may head in tho uppor roaches of tho modern RQndljQ 
Canyon watorshed (Broxton and Roneau 1996,55429, p, 331), 

Palootopogrcphy of the pra=otowi surloco may also influence the flow diroctlon of potonllol porchod 
groundwater bonoath MDAs. A significant zone of Intermediato porchod zono groundwater occum In the 
Guajo Pumice Bod approxlrnPtoly 300 ft (97 m) bonoath Los AIamos Canyon, Thls IntomoUiote porchod 
zone groundwater contalns olevotod concontratlons of trltlum (Broxton 01 01. 1995, 50121 , p. 97), which 
are decllnlng over time, suggesting the passago ol o tritlntod groundwator plume (Longmiro et al, 1996, 
54168, p. 4715), Although this porchod groundwator has boon found only in tho aroa beneath Los Alamos 
Canyon, StrUCturO Contour maps suggost that tho gradlont oi tho porching layer changos from QQstward to 
southward ncsar TA-21 and that wator COnllnGd to thls zone may mom down gradlont along the ax19 of D 

largo pre=Otctwi paleodrainage toward tho south (Broxron and Ronoau 1996, 55a29, p, 329: Davls et al. 
1996,55446, p. 54). Tho locntlon of tho axis 01 this paleodralnaga cannot bo eonstralnod proclsely, but 
the available data suggest that the nxls crosses benonth Sandio Canyon n ~ a r  TA-53 and crosses Mesita 
dol Buoy nmr water supply woll PM-4, Groundwator infiltrating to and potentially perching in tho Gueje 
Pumice Bod from Lo3 Alomos Canyon could fond to migrate toward thc axis of this paleodritinago and 
thon flow toward tho south or southwost beneath Snndia Canyon and Cnrfada dol Buoy. 

Faults and frocturos may play a role as inflltration pathways 11 they become saturated beneath MDAs and 
benoath canyon floors, A complox none of faulting associated wlth the southorn part of tho Rondljo 
Canyon fault zone Is exposed at the 10s Alamos County landfill ond crosses the middle port of the 
Pojarlto Platisau (Gordner ot at, 1999,63492, p. 20), The tuojo Mountoln fault Is prosont north ol tho 
town of Los ,Alamos and could 0150 oxtend southward onto the Laboratory but tho locntlon of tho southern 
ond of thls fElult is not conain. Numerous omoll~dlsplacoment faults hovo also been documontod at TA-54 
on Moslto dol Buoy (Ronoau et al. 1998, 63135,63497) and likoly occur In othor aroas. 

3.3 Hydrology 

Pursuant to :'ha Laboratory's Hydrogeologic Workplno (LANL 1998, 59599), the hydrology of the Pajortto 
Platoau is dlscusscd as It applles to mosa5 and canyons, Mosas are gonorally dovold of wntcr, both on 
the xurlaco iind within the rock forming tho rnosa, Canyons are clth0r wot or dry; tho wot canyons contain 
contlnuous streams and may contain groundwater in tho conyon bottom nlluvium. Dry canyons have only 
occasional stream !low and lack alluvial groundwater. lntermodioto porched groundwotor In known to 
exist In sevoral locations, and tho regional aquifer water tablo is found at depths of about 600-1,200 tt 
(200-360 m) boneath tho Plotoau, 
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33.1 Surface Water 

RlvQEi and streams lccatod within 80 km (53 mi) o! the Laboratory lncludo the Rlo Gnnde and Its 
tributarles lncfudlng tho Chama, Ojo Coliente, Sontn Crur, Nombe, and TQSU~UQ rivors to tho north and 
oast; the Jemor River nnd San Antonio Cr9QkS to the west; and the Santn Fo and Gallstoo rlvors to thQ 
south. The Rlo Grnnde recolves all surface wnlor dralnage trom tho PoJarIto Plateau. Rosorvolrs wlthln 
80 km (SO mi) Include tho Cochltl, Ablquiu, Santo Crur, and Jemor, 

Dosplto tho dromotic oroslonal topography of the PaJarlto Plateau thot rGSUltod Irom grooter surl8co flows 
In tho post, only a !ew stroams currently !low year-round; most flow only Pttet heavy mlns and snowmelt, 
Run-otf from heavy raln!oll and snowmelt reaches the Rlo Grmde sevornl tlmes a year In some 
dmlnages. 

Sprlngs Occur of olovotlons between 2,400- and 2,fOO.m (7,900- and 8,900-tt) on the enstem slopes of 
tho Jemez Mountains and supply wator to tho uppor reochos of Yovorcll major Canyons. These springs 
discharge at rat09 from 7-530 I/min (1.8-140 gallm), which Is lnsufilciont to mointatn surlaco flow for 
more than tho upper third of tho canyons boforo It Is doploted by ovaporation to tho atmosphero and 
Intiltration Into the undorlylng alluvlum. On tho mosas, water flows only as stormwator and snowmolt run- 
on. As a result of run-otf, surfoco aroslon occurs, typically as shallow shoat aroslon on tho rolatlvely flut 
parts o! the mesa, or by local established eroslon channels during sustained storm run-otf. 

Run-off from summer storms reaches n rnaxlmurn In less than 2 hours and lasts less than 24 hours. In 
contrast, runst! from spring snowmelt occurs o w  Q perlod of sevoml wooks at a low discharge rata. The 
amount of oroded matQrhl transported In run=off waters Is generally hlgher In summer ralnfnll Ovonts than 
durlng snowmelt. 

Flaodlng of tho MDAs Is nota major concern due 10 most bolng locatod on mosas. Excoptions to this nro 
MDA Y and MDA AA, which aro In canyons, At MDA G, temporary pondlng within disposal pits has 
occurred. Stormwntor likely flows at D number of points along the pertmotor of ooch MDA. Stormwotet 
r u n m  at some MOAS hos beon stoblll2ed by ditehos or other BMPs, for vxamplo, MDA G and MDA AB. 
A summary of sudoce wotor condltlons at tho MOAS Is prosonlod In Tublo 3.3-1. 

33.2 Groundwater 

Groundwator In tho Lolrorarory or00 occurs a3 shotlow alluvial groundwotor In canyons, porehod :ones 
bonenth some cnnyons and along the Jemoz Mountalns withln the Bnndellor Tuff, the Cerros del Rlo 
Basalt, and the upper part of tho Puyo Formation, and In the roglonal aquifer. Tbo regional oqulfor is the 
only sourco capoblo Of sorvhg mUnlCIpa1 and lndustrlal wator needs. 

Alluvial groundwater h Canyons 1s lnvostlgatod occordlng to the Core Document for Canyons 
lnvostlgatlons (MNL 1997,55622). Porched lntormedfate groundwotor and tho roglonnl oqullor are 
undergoing continuous chnractorizotion vlo tho Monitoring Woll lnstollntlon Project, which Implements the 
Loboratary's flydrogeologlc Workplan, Tablo 3.3.2 llsts tho regional aqulfar wells (planned and oxlstlng) 
In rolatlon to the MDAs, It nlso idontlfios any wator supply walls downgmdlent from any MDA, 
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Table 3.3-1 
Summary o! MDA Surface Water Cocdltions 

Depth to 
Run-on RunQtl Eroslon MDVIX BMPa In Ouffall In Regional Walcr 

MOA Poientlal' Potentlal' Score Plece MDA (fi) 
A 1 Nono High 50 No No 1230 
B 1 Sllgh! Hlgh 56 No No 1300 
C Nono Hlgh 60 No No 1175 
0 StlQht Hlgh if I No ! No 910 

0 Nono HlQh 60 Yalr NO I 900 

K Modomto Modo rat o 51 I Nu } Yos 820 

M 1 Modorato I Modorato 68 1 Yo0 No 1220 

E Nono Hlgh 22 NO No 760 
I F  Moddo rat0 Modoraro 40 No No 1275 

H Nono Moclornfo 60 No NO 980 

L None I HIgh 60 I Yo9 YOC 940 

N 1 Mouorato I Modorato 28 No No 1170 

P I Modorafo High 65 YOS No 1150 
Q Modamlo Modemto 39 No No 1200 
R Modorole Hlgh 53 No Yos 1240 

S Modornlo Modornlo No scoro No YO:: 1160 

7 

- 

- 

7 Nono I Hbh 57 YO5 I NO I 1240 
U Sllght Hlgh 47 YO5 1 NO 1220 
Y SllQhl HlQh No scoro Yo3 No 1260 

W Modorato Hlgh I Noscoro NO No I170 
x SllQhl SllOhl No scoro No No 1160 
Y HlQh Modbrato 05 No No 590 

Modomlo 43 Y o t  No i 70  

- 

2 I Slighl 1 Modornlo 58 No No 1200 

AB I Modorole I Hlgh 39 Yo3 NO 1120 

' 
AA I Hlgh 

Aunsdott palmtlal ecde (nono, ellghl, modor8lo, and hlgh) 18 dorlvod from general olopo and MOA paaltlon ralhllve io mom cIIH. 



-- 
Tu blt 3.3.2 

Existing and Planned Water Monltorlng and Supply Wells In Rolatlon to the MDAs 

MOA Upgradlcn t FbWolls Downgradlent R=Wellr Downgradknt Supply Wells 
A R-? I Ad, R-9 0-1 , 0.4, PM-3 

B R-6 R=?, R.8 Ql,O.S, PM.3 
C R.17 R-13, R.14, R.15 PM.1, PM.3, PM-5 

R-31, R.32 9 - - 0 
E R.31 
F R-24 R-18 PM-1, PM-2, PM-3, PM-4, PM.5 

. 
- c 

G R.20, Re21 R e 2 2  I -  
H R-19 A-12 0.1, PM.1 
K R-31 R.32 - 
L R-28, A 4 0  - - 

R-24 R-18 PM-1, PM-2, PMO, PM4, PM-5 M I  

I N R.25 R-20, R.21 PM-1, PM.2, PM4 

P I  A-20, A-21, R-27 PM-2 
0 R.24 An25 PM.l1PM.2,PM.3,PM.4,PM.5 

R R-24 R-19, R.20 PM-2 
S R-24, R.26 R-27, R-30 PM.2 

T A-7 A-8, R-9 0=1,04, PM-3 

U R-7 R-8, R-D O - l , W ,  PM.3 
V R.6 R-7, R.8 0-1 , 0-4, PM.3 

W R-17 R-13, R-14, R-15 PM.1, PM.3, PM-5 

X R-17 R-13, R-14, R-15 PM-1, PM-3, PM-5 
Y Am30 R.31, R-32 d 

z R.27 R-28 PM.2 

AA R-28 R-22 Nono 

AB A 4 6  R.28, R.30 Nono 

---- ---- 

I 

'A daah in the lable moana no MIIo. 

3,321 Alluvlal Groundwater 

Ephomoral stroamflows In tho canyons of tho Palarlto Ploreuu hovo deposltod nllwlum thnt locally may 
be up to 1 OGft-(30 rn) thick and typlcally more permooblo than the undorlying volcanic tun and sediments, 
Ephomeral run-off In some canyons lnflltmtos the olluvium until downward movement Is lmpodod by tho 
less permoablo underlylng strnto which rosults In a buildup of shallow alluvlal groundwoter. In addltlon to 
the olluvium, In some casos rolatlvoly thin zonos of shallow groundwnter can also be contained In the 
weathored tuff or some other unit lmmodlately underlying tho olluvlum. Dopletion by evapotrmpimtlon 
and movement Into the undorlying rocks llmit the horizontal and vertical oxtent of the alluvial groundwater 
(Purtymun et PI. 197?, 5704)). Lateral flow of the nlluvial groundwntor Is in an oastorly, downanyon 
dlreetion. Trocor studios In Mortondad Canyon hovo shown that the velocity of water ranges from obout 
60 Wday (18 mlday) In tho upper roach to about 7 ftlday (2 ddny) In tho lower reach of the canyon 
(Purrymun 1995,4534d). Similar tosts aro taklng place In DP Canyon in fiscal year 1999. 
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3.3.2.2 lntcrmcdlutc Pcrchod Zonc Groundwator 

Porched grouridwotor is known to exist boncath sevoral canyons In the oastorn ponion of the Laboratory, 
along tho oasiorn flanks of Ihe Jomoz Mountains wost of tho Laboratory, and bonomth tho mosas and 
canyons at S !;It0 (TA-16), locatod In the southwosforn pun 01 tho Laboratory naar the Jemoz Mountalns, 
Porchod groutidwalor zonos possibly exist beneath OthW canyons In tho south and contral portlons of tho 
LObOfAtOry. Ar  planned, tho Laboratory's rnonlforing woll tnstollnllon program is providing now data 
regarding intermediato porchod wator zonos boncntn the Laboratory, tho Intorprototions of which aro 
Intograted into tho Hydrogoologlc Workplan with annual updatos. 

3.3.2.3 Rcglanot AquHor 

Figure 3.3.1 :.hows thc aurfaco contours 01 the regional aquifer, from which flow dlrectlons con be 
inforred. The ffgure idontllios the woffv whcroirorn most of tho Inlormotion on tho flguro is derived. 

Tho hydraulic grndiont or alopo of tho roglonal aqulfor water tablo ranges lrom 0.01 74.075, At MDA G, 
the llow rate has boen ostimatod at 29 m/yoor (95 Wyoar) using data from tho Pajarito well flold, Thls role 
is an average ovor tho thicknoss of tho oquifor intorcoplod by tho woll scroons. 

Tho rcglonal oqulter 01 tho Lo3 Alamos arm I3 tho only aqulfor capablo of Inrgo-scale munlclpol wntor 
supply (Purtymun 1984,6513). In 1989, water for tho Laboratory, tho communities 01 Los AIomos and 
Whito Rock, ,ind Bandollor National Monument wan suppliud from 71 doop wolls In 3 woll fiolds. Tho 
wslls aro lociitod on tho PaJarlfo Plafonu and In Los Alumos nnd Gunjo canyons amt 01 tho platoau. 
Munlclpaf and industrral wDtw supply pump volumo during 1997 was 1.29 billlon gal, (4,9 billion I). Ylolds 
trom Indlvldusl wulls rangod lrom obout 175-1600 gnl./min (6655320 Ilmin) (Stokor ot nl. 1992, 12077), 
Punymun ( 7  !)84,6513) sumrnarltod tho hydraullc charnctorlstico ot tho aqulfur as dotormlnod durlng 
oquller tost3 and during poriods 01 productlon of supply wolls and test holds. 

Tho sur'hco of tho rogionol nqulfor rises wGstward from :he Rlo Grando wlthln tho Santa Fo Group into 
tho lower poi? of tho Puyc Formution benoath tho contral ond western part of tho Pojorlto Plotoau. Tho 
depths ol groundwalor bolow tho mosn tops rango from about 1200 It (360 m) along tho wostern margin 
of tho plalasu to about 600 tt (180 m) at thQ oastorn margin. The rogionnl Ciqdfor is soporotod lrom tho  
alluvlal grouridwator and Intermodlato pcrchod zone grOundwatQr by 350 to 620 tt (100- to 200-177) of tun, 
basalt, and :,odlments (Environmontnl Proloctlon Group 1993,23249). The rogional aqulfor oxhiblts 
anoslan conditlons in tho oastarn pan along tho Rlo Grondo (Purtymun 7984, 6513). Continuously 
recorded wator level moilsuremants collcctod In tost wells sinco fnll, 1992 indlcnto that, throughout tho 
plntouu, tho roglonal aqullcr responds to barometric and earth tiUo oflocts in the manner typical of 
conflnod aQlJlfQf5. 

3,3.3 

Typically, mos: of the units of the Tshirogo Membor, whlch iorm tho mesas and slopos on tho Platoau, 
aro very dry and do not roadlly transmit molstum Howcvor, rolatlvcly thln subunlts such os pumice lolls, 
surge beds, and tho Colonnado Tuff domcnstrato olovotod moisture contonts and enhanced Wid-flow 
propenles. Most of the poros in the tuff arc small enough to bo of capillary size, and hold wntor against 
gravlty by slrrface tension forces, Moisturo contont is gonerally more varinblo noor the top of the mesa 
than In tho i:ontral portlons as a result of vorlations In tomporoturo, humidlty, and ovnpotronspiratlon. 
Vegototlon is vow clfoctivo at removing moisture noar tho surfaco by transpiration, Durlng tho summar 
rainy soason whon rainfall is highosl, noar-surlaco moisturu conton! Is varlnblo duo to tho otlects of 
highor rolc!r of ovoporation and of tronspiration by vogotation, which llourlcihos during this time. 

Hydrologic Charactcrlstics of Gcologlc Units Hosting MDAs 



Mafoht Disposal Amas Corn boccumonf 

Figure 3,s). Generalbod wator-lcvol contours on top of the regional aqullor across the 
Plateau 
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This section focuses on the characteristics of the vndoso zone benonth MDAs that am most relevant to 
modcling cclntaminant transport. A great deal of informatlon Is noadcd to first conceptualize and then 
model rnols::uro flow and contnmlnont transpon In thc vadose zono. The necessary informatlon includos 
basic propertlos of tho geologic strata (c,g,, porosity, density, fracture patterns, and minornlogy), which 
can be acciiratoly monsurod, and complicated rolntlonships describing how fluids movo through thG rock 
(o.g., moisture content, rnatrlc suctlon, and hydraulic conductlvlty), whlch aro dlff lcult to cstabllsh with 
certainty in rock with very low molsturo confont, To support the development of conceptual and 
mathemotlcal models for flow and transpon In the vadose tono, a numbor of flold, laboratory, and 
analytlcal s:udios have boon porlormed, 

Tablo 3.3-3 surnmoritos rnffasurcrn~nts, observations, and Interprctatiens 01 goohydrologlc propenlos of 
tho various stratlgraphlc unlts in the gonernllzoc stratigraphic column (sco Figure 32-1). Tho proportias 
tlstod In tho tablo ore tho followfng: 

Bulk Density. tho mass of rock por unit volumo of rock (B/cc) 
Mean Poroslty, tho rotlo 01 the air-filled volume to tho total volume of tho rock (YO) 
Moan Volumotric MOIStUrQ, tho ratlo of the water volumo to the totnl volumo of the rock (YO) 
Soturntion, tho ratlo of tho poro volumo containing wator to the totnl porosity (TO) 
Saturated Hydraulic Conductivity (Ksat), tho rate at which molsturo mows through rock undcr tho 
influoncc of gravity whon the rock 13 fully saluratod (cmlsec) 
Gravlmotric Moisture Content 
lnduratlon 
Fracturo provalenco 

Those data aro obtalned from oithor intact tuff (e,g., lracluro spaclng), from direct meosuromonts of rock 
somplos from MDA G (0.9,~ densify), or from oxpcrimonts padormod on rock samples (o,g,, Ksat ), 

Slnco 24 of tho 28 MDAs aro locoted on masa tops or hlllsldos, the rocharge rate bQnQath tho mesa top Is 
perhaps tho most imponant parameter in modcling t ho  SUbSurfOCQ transpon ot contnmlnonts from the 
MDAs. Rochnrgo largoly COntrOlS the minimum tlmo roquirod for contamhotion 10 bo transportod from any 
MDA through tho vadoso zono(s), and posslblo intcrcalalod porched wotor zonos, into the rogfonal 
oqulfor, whero it may load to oxposuros of tho gonotill public. Tho rochorgo through tho undlsturbed 
vadose zone is complox and is compllcotad further at any MDA by rnnn-mado dlsiurboncos assoclatod 
with waste management actlvitlos. 

Characteristic curvos nro rolatlonshlps roquirod to model unsnturotud liquid flow through rock. They 
lncludo moisture retontion curves that describe tho onorgymstate or tonslon of pore Wator In tuff, and tho 
hydraulic conductlvlty of the rock,  The moisturo tension curvo of a motcrial 19 tho rolntlonshlp betwoen 
suctlon wlthin tho matrix und tho volumetric water contont (I,ct,, the volumo 01 wator contained In o volumo 
of tuff) for a porous malorial. Hydraullc conductivity is simply tho rat0 nt wbich wafor can travol through a 
samplo of rock or soil under thu lnfluonco of gravlty. In gonoral, solls and rock have higher hydraullc 
conductlvlty whon more moisture is prosont, thO maximum occurs whon the motorbl is fully saturated with 
wotor, and is collod the saturatod hydraullc conductlvlty. 

Unsaturated hydraulic Conductivity curvos lor stratigraphic unlt mcsn subsurlacos are plottea In Figure 
3.3-2. Tho data plottod on tho graph are obtainod in exporlmonts conducted on smdl samples of rock 
rocovarod from boreholo coros. Moasuromonts hydraulic conductlvlty are mndo as water Is oddod to the 
samplo. 

Ea 79990067 3-17 Aupusf 1999 
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Table 3.3-3 
Summary of Avcrogc Gcohydrologlc Properties Arranged by Stratlgraphlc Unlt 

Stratlgraphlc UnlWSubunlb Hydraulic Properllesa Geohydrologic Characteristlcsb 

1, 

2 
2 
I. 

ii 
Y 

9. 

$: 

& 
4 WAD ,Strong {Many 
3 NIA NonsliRht Rnro 

W) 2,12 Modoralo Mony 
2 1.37 45,7 2.57 5.7 437X lo4 
c 20) 1.24 StronQ Many 

w u 3  1,03 Sllpht Modoralo 
W J )  1,24 8,7 1,89 3,7 1.48 X 10'' 

I V ( U J  l,79 Non Nono 
WC) 1 V(C) -- --I 1.18 49.3 10.88 21.3 1.6TX lo4 5. t l  Mbdomtb Modomlo 

Wh 6.n Modomto Modomto 
19 l , t 5  462 8.94 1CiJ 1,88X 10* 

I g  5.83 Non Nona 
tsankawl Tsnnkawl 10.80 Modomto Rom 

32 s =  6 
yr 

s w 
a m 

I 

1.12 47,3 14.0 30.3 8.65X 10- 
Corn Tolodo Cono Tolcdo 8.49 Slight Rn ro 

At tho maso top MDAt, volumotric molsture contont varlos botwoon about two ond 74 porcont. The 
charnctorlstic curves w e  vory steop at low molsture contonts, lndlcatlng that for a unit lncreuso In wmr ,  
there Is a largo Increase in hydraulic conductlvlty. The slopo of the conductivity curves gonorally level out 
whon molsturo content roaches nbout soven porcont. The rolotlvdy flat ponlon of the curves lndlmte that 
hydraullc conduellvlty remain Constilnt o w  a wldo rango of molsturd contont, botwoon about 10 and 30 
porcont. At molsture contont greutor than about 34 percent, the conductlvlty cuwos again become very 
steep, Noto tho! this Is an artlllclally high molsturo content obtnlnad under experlmentol mndltlons. Such 
high molsturo content would only occur In the Laboratory rbglon If thero wore P major cllmatic chongo. 
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Figure 3.34. Rcprcsentatlve unsaturated hydraullc conduclivlty curvos for the uppar subunits 
of the Bandolier Tuff comprising the vadose zone beneath mesas 
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Figure 3.3-2 (contlnued). Representative unsaturated hydraullc conductivlty'curves for the upper 
subunits of the Bandeller Tuff comprising the vadose zone beneath 
mesas 
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Taken QS a group, tho hydraullc conductlvity curvos and tonsion curvos are very sirnilor omong the 

Toledo Interval charactoristic CUNQS show 0 much groator spread than tho OlhQrS. This rofloao tho hlghly 
varied size of the pore spaces in tho rock os compared 10 other units. In gonoral, ?be curvos lndlcato that 

Tuff, Curves liko thoso arc ofton used as D bask for mathematical modols for unsaturntod flow. To do 
this, tho curvos must be transloled into mathomatlcal oquations. Ono popular "curvo-fltting functlon" is tho 

- 1  :" geologlc unlts, with one excoptlan: !he Tsonkowl/Corro Toledo Interval graph. Tho TsankawKerro ... I 

.*I 

, .  
I,.. 

the TsenkowIlCerro Toledo Intorvnl may conduct wator mom roedily than tho other units 01 tho Bendalier 
' I  

e .  

t ' 5 ,  

van Genuchton formulatlon, Tho van Gcnuchton method requiras throe variobles, a, N, and Or to be 
ovaluoted to l i t  tho curvo to tho monsurod data, The van Genuchten paramotors a and N or0 lmponant 
derivod hydraulic proponies for modoling molsture flow in unsaturatod motoriols. In general, matorlals 
with rolntivoly high valuos cf a can hold mor0 water with less suction, whlle matcrlals wlth rolatlvoly large 
vaIuos 01 N may undergo lorgo changes In moisture Content wlth small changes In sucflon. The rosldual 
molsturo contont, Or, reprosonts tho lowest molsture canton1 at which flow will occur in tho van Gonuchlon 
formulation. Rosiduol moisture Is not well doflnod in arid regions where molsturo moy be tmnsportod In 
tho vapor phaso rather than tho llquld phase. 

Measurcmonl on cor0 SomplOs show thot the surge bods at tho baso of Unit 2 have rolatlvoly hlgh 
capillary suction and law hydraulic prcsuuro. Tho inlorpretation of tnoso moasuroments Is thDt molsturo is 
bohg drawn towards tho surgc bods from CtbOVo and below, Tho driving forco 101 this movement may bo 
evoporatlon aldud by alr movomont dong tho fractures wlthln those unit8 or dong tho mor0 pcsrmocblo 
surga beds found at tho baso of Unlt 2. Similar surgo beds aro found at thb Unlt 314 Intedaco, also; less is 
known about the alr pormoabillty thoro. 

- 

3.4 Ecology 

The ocological setting of each MDA is importnnl in modaling tho potontinl lor trnnspon and uptoka of 
radiooctivity for sovoral roasons, Anlmals moy burrow into disposal units, disturbing tho CoJor and 
oxcavating contamlnotod motorial. Plants can intarlore with focility pQtiOfrnonC0 by growing roots into 
disposal units, Incorporatlng rodioactlvlty that may contamlnato surleco sol1 whan plants dololiato. Plants 
con also anhonco facility podormonco, in two ways. First, thoy provido surface cover that reducos oroslon 
01 dlsposal unlt covors, and sacond, thoy rQmavo moisturo from tho soil that might othowiso parcolato 
Info disposal unlts. 

3.4.1 Local Plants 

The plants and anirnols nativo to tho Los Alamos region are diverso, partly bocauso of tho lnrgo ofovation 
gradient bbtwoon tho Rio Grand0 (1500 m abovo SOD lovel) and the Jomet Mountdns (2,100 m abova 
sea levol) and also becouse of tho canyon and mesa lorrain. Locolly, tho vogctatlon on Mosltn dol Buoy Is 
dominated by tho Pihon-Juniper Scrios of tho Great Basin Conifor Woodland, Ono=soed juniper and plAon 
pinos am the dominant troo species In undisturbed areas, Common shrub species Include blg sagobrush 
(Anomlsia tridontatc), ww currant (Rlbos corcoum), four.wing salt bush (Attiplcx canoscons), currant 
(Ribos sp.), ond mountain mahogany (Corcocarpus botuloidos). 

Bluo grama grass (Boutcloua gracllis), cryp-togamic 5011 crust, arid prlckly ponr cactus (Opuntia spp.) or0 
tho most common fow-growing (understory) pltlnto on tho m o a  top. Othor common unuerstory plants 
include snake weed (Gutiarrozia microcophala and Gutierrozia sarothme), plnque (Hymonoxys 
richardsonii), wild chrysanthemum (Bahia dlssocta), loaty goldon aster (Chrysopsls flliosa), purplo horned. 
loothod moss (Ceratadon purpurous), ScvoraI lichen spocios, three-lawn grass (Aristida spp.), bottlabrush 
squirreltoll (Sltanion hystrix), bluograss (PO3 spp,), ialso tarragon (Artomisla dracunculus), and a spoclos 
of Mammolnrla cactus. 

ER 7 9990061 3*2t A ugusr ~ 9 9 9  
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A representotlvo list of averago measured rooting depths for nntivo plants Is presonted in Table 3,d-'1. 

I , 
~ 

. .  

. .  

Bautoloua graclli3 Blue Grama 0.50 

Holianlhus potloladus Wlld Sunllowor 0.40 
Opunlio polyclrntha Cactus 0.20 
Yuccn angusUlolla Yucca 0.1 0 

Corcocarpus monlanus Mountnln MllhogMny 0.40 

F 

I 

In a study of 21 speclos of plunts common at tho Laboratory, roots weto found to bo most nbundant In the 
upper 2 m (6.4 ft) ot soil, Roots of Chamlso, apache plume, oak, plflon pino and one-soed junipor were 
found at dopths grootor than 2 m (6,6 tt), tho blomass of plant roots was greotost In the upper 2 m (6,6 ft) 
of the soil surlace. 

As P result of MDA opora!ions, many of the nntlvo undormstory plants are being roplaced by exotic 
specics. Aocontly disturbad arons support plants such os goosotoot (Chonopodlum itomontll), 
tumblowood (Safsola kali), cutloal ovoning primrose (Oenothera caospltoso), common sunflowor 
(Holianthus anuus), and other colonlzlng speclos, Vegetation used to cover some of the MDAs Include 
natlvo grass specles (e,g., blue grama), which provldo d c "  ground covor and have sholt roots, 
protectlng ogoinst erosion, whlle rnaxlmizing tronspiratlon of water. 

3.4.2 Local Anlmals 

tnsocts, reptiles, mommals, and birds lnhoblt tho Laboratory roglon, Harvester ants are the most 
abundant insoct, while common roptilos include ienco llznrds (Sceloporous undulatus), Plateau strlped 
whiptolls (Cnomidophorus volux), gopher snakos (Pituophis mslanoleucus), and ganer snokos 
(Tliamnophtils olognns). Many mammals inhnblt thO Pofarlto Plnloau, including rodonts, mulo door, elk, 
block bear, mountoln lion, bobcat, lox, and coyotc, all of which pass through tho MOA G vicinlty at lopst 
occosionally. The plateau supports o wide variety of bird spocles. In oddltlon to P mngo of songbirds, a 
variety of nesting and mlgrothg raptors havo been identiftod in loss-dtstutbed ufem of the canyons. 
Burrowing anlmels are common to tho mesa tops across tho Plateau, Table 3A.2 llsts tho lndlgenous 
burrowing animals and their average burrow depths. 
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table 3.4-2 
Indlgcnour; Burrowing (Fossorial) Animal Species and their Average Mcasurod Burrow Depths 

Spccles or Toxon Common Name Burrow Depth (m) 
PoQonomyrmox SPP, Hnrvoslor Ant 3.0 

GophUrOpUs polyphornus Gophor torlolso 0.75 

Tarrnpono cerollna Box tunlo 0.1 

Blsrlnn brovlcaudala I Shorttollad shrow 1 0.5 

Scalopus aquolicus 1 Molo 0,6 

Poromyscus gossyplnus Cotton mouso 0,75 

Oehrofomyi nuttalll Goldon mouso 0413 
Porognathus pawus Pockof mouso 1.4 

thomomys tfilpoldos PMkot Qophar 4 

Cynomys Ioucurus Prolrio dog 1.83 

Mlcrolus ochroposlor Prairto volo 0.2 

Poromyscus monlculalus I Door mouso Q 
MnnnOln monax I Woodchuck 1 *5 

Ecological charactoristics of MOAS relevant 10 the assessrnont of risk include wetlands, vegt3l~tlOn, 
animals, and throolonod and ondangerod spocios, Thoso features oru listod in Table 3.493 fat ooch MOA, 

3.5 Geography and Demography 

Tho population distribution and current and potontial land=uso a1 or mar  tho MDAs 1s 8UrnmOritCd in this 
section. 

3.5.1 Papulstlon Dlstrlbutlon 

The projected popularion of Los Altimos County In 199A wns npproxlmatoly 18,200. Two rosidontlal and 
associated cammorclol orom oxist In tho county: Los Alomos with a populatlon of 11,400, and Whit0 
Rock wilh a population ol6,800. White Rock bordors the Laboratory boundary to the Onst, Other major 
rosldontlnl population canters within an 80 km (53 mi) radius of tho Lnborotaly Include EspaAola to thc 
norlhonst and Santo Fo to the southoost. Santa Fo, wlth D population of about 80,000, Is oxpocled to 
romnin the major urban center of the region. In 011, approximately 224,000 porsons llvo within an 80 km 
(53 mi) radius of tho Laboratory. 

3.5.2 Uses of Adjacent Lands 

Ownership 01 lend surroundlng the Lnborntory Is indicated in Figuro 3.5-1, Stale and fedoral govornmont 
agencies and local lndlan tribes control land surroundlng Los Alamas County. 01 thoso, throe fedoral 
agenclas (l,~,, Bureau of lndlon AHairs, US, Forost Sorvico, and Buroou of land Monrrgomont) control 
tho majority of land in tho aroa. The Santa Fe National Forost comprises 634,486 hectoros (I ,567,181 
acres) of land in sovorat counties. Tho Espafiola Dlstrict of the Santo Fo Nntlonol Forost lncludos 142,521 
hectaros (352,170 acres) that bordor DOE land to tho nonhwost and oouthoost. 



Table 3.4-3 
Summary of MDA Ecologlcal Featuroo 

The Bandelier Notlonal Monumont borders tho southwest portlon of th6 Loboratory complex and Is 
managed by the Nationnl Park Sorvfco. The monumont lncludos 12,950 hoctnres (32,000 scros) of land, 
9,308 hectoros (23,000 acres) of which pro deslgnolod wildornoss, All accoss routos to the monumont pass 
through or along the Laboratory proporty. Thlrtotln Nutlvo Amorlcan Puoblos nro located within 80 km 
(53 mi) of the Lnborotory. Eoch is govorned by Its own tribal govornment with tochnlcal and adrninlstrn?lvo 
assistance from the Buroau of Indian Atfalrs, Tho Sun lldofonso Pueblo Owns a triangular piece of land thQt 
directly borders MDA G withln Cufiada dol Buoy to the north of tho fnclllty. The total area owned by tho 
Pueblo Is 10,600 hectares (26,192 ocros); In addltion to huntlng wiidllfe tor food, Pueblo people also harvest 
the frult of pinon and Juniper troeo indigenous to the orea. Hunting and gnthoring actlvitles occur on the land 
dlrectly adjncent 10 Moslta dol Buey. A summery ol MOA demography is prosonted in Table 3.5-1. 
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Figure 3.51. Map showing the ownership of land around the bboratory and tho locatlon of 
MDAs 
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Table 3.5-1 
Summary of MDA Demography 

Within Los Alamos County, vacant land dorninatos all categories of land USQ, occounting for 49 porcont of 
tho arm. Recreational us0 o! accossiblo lands IS provolent, including hiking, rock cllmblng, and skiing. 

Agriculturnl octlvitlos In tho vicinity of tho Loboratory have been declining for the post sovoral decades 
ond ore no longer consldored an imponant economic activity in terms of cash income to oroa residents, 
LIvostock (primoriiy cattle) provldo noariy 75 porcont of the cash revenue from farm commodities in the 
roglon: crops (Includlng hay, corn, chito, and apples) provido the remaining 25 poreont. Small forms 
romaln on important moans 01 supplemental income and domestic food in the northern New MQX~CO 
roglon. The Son lldofonso Pueblo grows crops for domostlc consumption and some local markoting, 
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Among tho crops grown ore corn, chilo, squash, boons, ond tomntoes. Tho lollowing points summorlzo 
local agricultural activity: 

0 

0 

e 

0 

A small pcrcontago 01 land (1 to 2 percent) is used tor growing crops. 
Hay, corn, and chile aro tho most common crops in Los Alamos, Aio Arrlba, and Santu Fa 
counties. 
Most of the agricultural acraago Is Irrigatod. 
Surfuco wotor Irrigation is much mor0 common than groundwater lrrlgation In Sctndovol and Rio 
Arrlba Countlos; the opposlto is true in Santa Fe County, 
Livestock donslty is low (1 por 300 acres). 

All cattle (110 fango fod In nonhorn Ncw Moxico, livostock forago primarily on nativo short-grass spocies. 
Much 01 the land now occupled by tho Laboratory was hlstOrlColly used for grazing, Tho people of tho 
Puoblos In tha region ulso graze livestock on tholr lands near tho Laboratory, ond numcirous privote land 
owners in rural arbas koop small numbors o! llvestock on land that surrounds Los Alamos County. 
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4.0 SPECIAL STUDIES RELATED TO MOA PERFORMANCE 

~~ 

Barcholc 
1 

2 
3 

Tho ability of matorial dlsposal arons (MDAs) 10 contain noor-subsurlnce contaminants lor long periods of 
tlme dopends upon lnlerrclaled surfctce and subsurface processes. To modo1 MOAS as H system and to 
prodlct how conlaminonts might be releasecl from (or can bo contciined wlthln) MDAa ovor long porlods of 
tlme doponds upon our understending of those procossos, Soctlon 3 o! this documont descrlbos the 
natural settlng el tho Pojarilo Plateau, locusing on foaturos and ovents ol the onvlronrnent In tho 
undisturbed condltlon (l,e,, In thci nbsonco of MDAs) that sfiect tho porlormnnce of MDAs, This section 
discusses (in 4.1 through 4,3) several historical fiold experiments porformed 10 charocterlte surface and 
subsuriacc procossos und~lr dlsturbed condltions (I& In the presonco of MDAs) that aro rolovant 10 tho 
performance of MDAs and then (in 4.4) deacrlbes a modelod simulotlon of !he porlorrnnnco of MDA G, 
Many, but not all, of tho field cxperlmonts summorlzod bolow wero pcrlormod at Technical Area (TA) 54 
(on Meslta dol Buoy), where MDA G b localod, Some woro performod directly in support of tho 
devolopmont of tho MDA G performance assessment (PA) model. Nonclheloss, all of the inlorrnatlon is 
important to consider in dovoloplng a gonoral prellminary concoplual model for MOAS at the Laboratory, 
whlch I5 tho subjoct of Soctlon 5 of thls documant. 

~~ ~ 

Sample lnfcrval Totot Samples 
2 n  35 
2tl 42 

5 t l  31 

4.1 Contaminant Transport 

Sovorol inveatlg~tlons havo been parlormad to ossoss tho presence ot contaminants In tho vicinity of 
disposal units at sevoral MDAs. Those lnvestlgcllions havo lnvolvod tho Instollatlon of vonlcnl, horizontal, 
and anglod borcholos, and tho sampling of bOrQhOl9 coro and pore gas to charecterizo tho nature and 
oxtont of contaminants associntod with MDAs, including volatlle organic compounds (VOCs), somlvolatllo 
organic compounds, dtssofved, or sorbed organic and inorgantc compounds, OlhQr haxnrdous chomlcols, 
and rodiologicnl constituonts, Thls section doscribes tho hlstoricnl lnvcsllgotlons and presonts a summary 
of the rosults of the invostigatlons ns they refate to understanding contaminant transporl associutod wlth 
MDAs, 

41.1 Radionuclldc Transport bcneath Plts at MOA G 

In 1976 core samplos wore colloctod trom ilvc horizontal bOrQt7OlOS drlllod bmoath Plt 1 at MDA G from 
Pajjorlto Canyon into tho Tshirego Momber of the Bandelior Tufl. Plt 1 at MOA G was capprld In 1966. Tho 
core somplos worc nnolyred for lrltlum, slrontlum-90, coslurn-137, plutonlum-238, plutonlum=239/240, 
and americium-2dl. Tho rosults of t ho  analyses showed that tritium wos monsurod obovo dotcctlon lirnlts 
but no OlhW radionuclidos wcro detoctod a&ve dotecllon lirnlts (Purrymun 1978, 5728). 

In 1995, thrcc sub-horizontal boreholes were drillod from the floor of tho newlysoxcavored Pi! 38 Into the 
suSsurfacc just bcnoath pravlously~fllled Plts 36 and 37 (Pugllsl and Vold 7995, 63894), Coro samples 
wore rotrievsd from tho borcholos at tho tnlorvnls shown in Tablo 4.1=7, They wero anolyzod tor 
rrtdiologlcol and hazardous cantnmlnonts, molsturo contont, motrlc polcntlal, and gootochnlcol proponlos, 

Ta blo 4.1 -1 
Frequency 01 Corc Samplcs from Horlzental Borcholos bcncnth Plts 36 m d  37at MDA G 

~ 
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. Tho results of tho analysos showod that vapor-phaso tritium and othyl acototo woro dctoctod In the 
samples, trltlum at lavols sllghtly obove background, and ethyl ttcotato slightly above detectian limits. No 
Inorganic contamlnants wore dotoctod. 

4.1.2 Trltlum TranspoR around Disposal Shafts at MDA C 

In 1970, an lnvostigatlon Into the movamontof tritlum In the subsurloco ot MDA G wos undortakon 
(Purlymun 1973,4975) Fourteon tost boroholos wero drllled In tho vlclnlty of tho disposal shotts to 
lnvostlgato the movoment of trltium through the tuff unlts, Tho borohoios wero 5&ft-(15 rn) deep and wem 
spacod wlthln about 100 tt (30 m) o! tho trltlum disposal shafts. As u result of drilling the test boreholes, It 
was determinod that inflltmtlon of naturrtl moisture from the surface had penetrated to P depth of about 
i d  tt (3.5 in). the molsturo content In the upper 104t (3S-m) Intowat varhd lrom 3 to 8% by wolght, 
wheroas tho molsture content ol tho tuff from 10 to 50 ft (3.5 to 15 m) vwied from 0,4 to obout3% by 
weight. The movomont of trltlum In the drier zone oI depth was prlmurlly by dlffuslon In the vapor phase, 

Tho rasults of the lnvostlgntlon Into tho movomunt of lritlum In the subsurface showed that the major 
movornmt of trltlum took ploco along fraeturos in the tun and along a contact zono botweon two tufl ash. 
flow unlts, Tritium also moved through the nsh4low tuff motrfx but at D roducod mte, The surgo=bed 
contact botwoen ash-flow units contalned higher poroslty and pormoablllty duo to tho presonco of 
abundant pumice fragmonts and reworked tuff fragments along tho contact line, The trltlatod moisture 
pralarontlally mlgmtcrd along tho contact tono, which sonrod os a sourco for secondary movoment of tho 
tritiated molsturo into the upper and lohorash4ow unlta along tho contact zone, Becnuso tho ash flow 
contact zone provldes lncroasad lotoral (sub~horkontol) movomont of tho trillatod molsture, the contact 
rono ofiocttvoly slowod tho vonlcol mlgratlon of tritlatod molsture dooper into tho subsurlace (Purtymun 

Around tho dlsposal shafts Ot MDA G, tho tritiated molsturo in the tuff ossurned tho shape of an Irregular 
Ions, olongated along the ash-flow unit contact zone. Becouso the trltlum was gonorally at dopths greater 
than 70 ft (3,s m), which Is the extont of psnotration of natural surface molsturo, thoro was vlnuolly no 
moisture avoilable in tho tuff units at depth to further mobllire tho trltlated molsturo Into dooper units. This 
lnvostigotlon suggests that tritlatod molsturo mlgroted through tho ashdlow tutf units to the surlaco whom 
ovaporatlon from the soil and transplrotlon lrom plants roloased the tritium to the otmosphem (Purtymun 

1973,4975). 

1973,4975). 

41.3 VOC Transport at MDA Land MDA G 

Site choroaorbotlon Investigations perf ormod at TA44 by tho Envlronmontal Suwolllance Group (now 
ESH=18) boglnning In 1985 and later by the Envlronmontol Rostoratlon (ER) ProJw revealed n vapor 
plumo at VOCs beneath MOA L (har t  et P I  1986,8014; Konrll986,15368: Purtymun 1995,4S3da, 
p. 185). Since dlscovery of tho vapor plumo, the 9110 has beon rnonltorod on a quarterly bask (NMED 
1989,11737). The major constituent of tho MDA L subsurface vapor plume Is 7,1 ,l-trlchloroothone 
(TCA), The source of the plume Is a sories of vortical shafts, where contalnorlzed ond non-contnlnerlzed 
chemical wastes wero dlsposod. Quarterly monltoring involvos onalytlng samplos of pore gas collectod 
from 29 boraholos, oach of which contains soverol sompllng pons at ditloront depths. Monltorfng rosults 
show that the maximum TCA concentration occurs at depths botweon 120 tt and 200 f t  (36 m to 60 m). 
Rocont sampling during 7998 showod that TCA vapor is not prosent of dopths greater than 380 tt 
(1 15 m). Estimates of contominant volume bnsed on the resul!s of analyzing pore gas samplos suggest 
that the plume contalns less than 1000 kg (454 Ib.) of organic vapors. Analysis of mom than 170 core 
samples obtnlnod from drilllng 18 boroholes wlthin and around MDA L lndlcoted that the rock matrtx doos 
not contaln liquid or sorbod VOCs. 
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The subsurfaco vapor pluma bohovos lts though it came from one or more originnl rolaoses at MDA L, 
with llnle or no rolon5.o of contorninnnts continuing at present, Tho concentrotton of organlc vapors is n 
maximum bonoclth MDA L and docroosos to noarly roro 500 It (156 m) lrom tho slto, Sinco 1991, tho 
maxlmum concentration 01 organic vDpors has docronsod whlle the odgos ol tho vapor plumo have 
expandod slowly, The total contamlnant invontory oi tho vapor plumo Is docroaslng as the VOCs 
blodograde and diffuse to the atmosphere, 

Tho characterlstlcs of tho MDA L TCA vapor plurno (o.g,, low and deeroasing contaminant 
conconmtions, slow diflusion rotos) do not indicato 8 need lor romodiatlon. Howcver, the prosonce of 
open boroholos providod an Opportunlty to lnvostigale passive and activo plumo oxtraetlon methods. Tho 
results of tho oxlstlng studios lndicato that the natural (passive) flow of air through tho Bandolier Tuff Is 
sufficlent to attenuate the TCA vapor plume. 

4.1,4 

Multiplo investigations into tho subsurinco rndionucllde movt?ment benenth MDA T have boon conducted 
from 7953 to the 1990s. A dcscriptlon 0 1  tho lnvostigetions Is prosontod in tho work plnn for TA.21 (IANL 
1991,7529) and a summary of tho invostigatlons 1s providad below. 

In 1953 flve baroholos wore drillod In the vicinity of tho absorption bods to depths ranging from 13 io 20 it 
(1,7 to 6 m). Two of thc boroholes wore drillod botwoen tho absorption bods, ono of tho boreholos was a 
slant borehole into absorption bod no, 1, and two ol tho boroholes woro drlllod Into nbsorptlon bods nos. 1 
and 2, Tho tun botwoon absorption beds dld not Contaln plutonium concontrotlons graoter than 2 pCl/g 
but the sur(aca soil between bods 7 and 3 conmined 32 pCPg plutonlum and 4 pCl/g nt a depth of 1 tt, 
Tho slant borehole drillod Into bed no. 1 containad 15 pCiig ot tho surloeo and the intorvoning tun 
botweon the surfoco and absorption bod contalned 1 to 4 pCUg plutonium; whon tho boroholo intorsocted 
tho absorption bod, plutonium concentrations within tho bod woro 205 pCi/g to 686 pcllg. Somplos from 
tho borohole drillod vortlcally into absorption bod no, 1 conmined the highost concontrntions of plutonlum, 
whom from 2. to 3-tt-doplh (0,6- to 0,9-m), up to 20,730 pcilg was prasont. Concontrations of plutonium 
In absorption bod no. 1 ducroased with dopth to loss than 11 pCi/g from l&to 20-R-dopth, Tho subsurfaco 
samples from the horehole drilled into absorptlon bed no. 2 containod sign~~lcantly lowor plutonium 
cOncBntratiOns, which woro a milximum of 1550 pCi/g nt ~1 dopth of 4 ft. At tho bottom of this borehole 
(15-tt-dopth). thc samplos contatnod 1090 pCUg plutunlum (LANL 7997, 7529). 

Plutonium Mlgratlon from MDA T 

In 1959 a caisson was constructod odjacent to the northeast cornor ol absorption bed no. 1 to lnvcstlgnte 
the diatributlon of subsurfaco plutonlum nssoclatod with tho absorption bed. Tho cnlsson wos 30 ft (9 m) 
doop, G f l (2  I?) wide, and 12 f t  (4 m) long. Horizontal holos wore constructed from tho caisson into the 
centor of the obsorptlon bed and instrumontcd for tho moasurument 01 moisturo contont and gross alpha 
ocfjvlty. The hlghost alpha activity wns coincidont with tho highost moisture contont, which was nt G dopth 
of 12 to 14 ft (3.6 to 2.3 m) whom up to 2094 counts per minute (cpm) per dry gram of matorlnl were 
moasured. At the 28-tt=(8,5 m) dopth now the bonom of tho coisson, boreholos Into tho absorptlon bod 
moasurod n maximum of 156 cpm per dry gram of matorjnl. Tho rosults 01 tho invostlgalion hdlcatod that 
alpha actlvlty (plutonium) hod movod into thQ tufl (LANL 1991 , 7529). 

In 1960 nn lnvestlgation into thQ charactoristics of lnfiltratlon of wator Into absorption bed no. 1 WPS 

lnltiatod, Raw wastowator contninlng radionuclldos from TA.21 was dlschargcrd to the absorption bed for 
26 days in July 1960 at an approximate rate of 8000 gpd (30,3 m31d), for a total volume of approxirnntely 
200,000 gel. (760 m'), For 38 days in August and September 1960, tap wrttor was discharged to the 
absorption bod at an approximato rat0 of 6500 gpd (246 m3/d) lor a total volumo of about 250,000 gal. 
(950 m3) of wator. After tho wastewater and tho tap wator was discharged to the absorptlon bed, SIX 
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boroholos wore drilled around the porlphary of the absorption bod to study tho dlstrlbutlon of molsturo In 
tho subsuriaco, Tho boreholos rangod In depths lrom 76 to 99 tt (23 to 30 m). Cuttings mmplos collocted 
from tho boroholos wore measurod lor alpha actlvlty; tho hlghost alpha actlvlty was from depths of 30 to 
45 tt (9 to 17 m) In a borehole drillod at on angle through tho absorption bod, Tho boreholes were cased 
with PVC pipc and instollod as molsturo access tubes to meosure thQ amount of molsture In the 
ObsOrpflOn bod and In tho surrounding tuff (LANL 1991,7529). 

In 7967 the Inflltrotlon lnvostlgotlon ot nbsorption bod no. 1 at MDA T contlnuod. For 33 days from June to 
August 1961, rnw radlonctlvo liquid wastos woro discharged to the obsorptlon bed at a rat0 of 6400 gpd 
(24.2 ms/d), foro total volumo of approxirnatoly 216,000 gal. (800 m3). Slmllar to tho Inllltratlon tests 
performod In 1960, the dlschargo oi  wastGwuter was followed by a continuous dlschargo of tap water to 
the absorption bed for25 days at a rate of 7100 gpd (26,9 m3/d) lor D total volume of obout 177,500 gal, 
(672 mJ) of tap woter. The moisture distribution In tho absorptlon bod and In tho tufl around the absorption 
bed was monitored using thO six moisture occoss tubes that wero instollod In 1960 around the absorpllon 
bed, In 1961, mols1uro profilos of tho moisture access tubos were obtalnod In Match, April, June, July 
(twlce), and August (twice), which provided tlme-sorios moisluro profllos about the absorption bod and the 
surrounding tuff. 

The results of the lnvostlgatlon showed tho1 the molsturo contont In the tutl in throd holm around tho 
central and western end of the absorption bed increasod slightly from about 10 to 30 tt (3 lo 9 rn) dopth 
and olso from depths of 45 to 50 f l  (14 to 15 m). Analysis oi SIX tlma=serios moisturo profiles 01 these 
three holes lndicotod that tho absorption bed had o high lnflltratlon capoclty and that slgniflcant amounts 
of watar did no1 movo IOtOrally to tho south, wOst, or north trom the absorption bed Into the tuff, However, 
throe other boroholos at the northoastorn sldo of tho absorption bod contained variablo molsturc? curvos 
through time. A hole at the nonhoast cornor of tho absorptlon bed that oxtundod at an angla bonoath tho 
oastem ond of tho bed showod a rolatlvoly brloi time IntoNnl of lncroasod moisture contont from 5 to 20 tt 
(1.5 to 6 m) dopth and onothor translont molsture pulso from 50 to 60 ft (15 to 18 m) depth. The tlmo 
serlos moisture pmfllos of anothor anglo holo north of tho absorption bod that did not oxlend benoath the 
bed showed on lncroose in molsturo content from 30 to 50 fl(9 10 15 m) that porslstod through tho 
measuring intorval of tho lnvostigatlon, suggostlng that some molsturo had mOVQd Into the adjocont tuff 
north of the absorptton bod. An angle boroholo adjucent to thQ north sldo of tho absorptlon bed and drfllod 
beneath the mt-Contral portion of tho bod showed P significant incroase In moisturo contont from depths 
of 10 to 60 tt (3 to 18 m) which corrblatos to the area of tuff directly bonoath the absorption bed, The time 
saries molsturo curvos show thot Irom 40 to 60 tt (12 to 18 m) in this holo the molsture decayed away 
aftorcessatlon of dlschargo of water to tho bed but tho moisturo content lrom 10 to 40 ft (3 to 12 m) 
remolned high. The rosults of the lnvostigatlon showod that moisture was moving out of the absorption 
bed and suggested that wntor may perch and movo latorally In pratorrod ronos wlthin tho tuff andlor may 
move away from fho obsorptlon bed along prolorred zonas such as fracluros In the tun (LANL 7991, 
7529). 

In 1974 o borohols was cored to o. depth of 14 il (d.3 m) into absorptlon bod no, 3, Samplos of tho corn 
wore colluded from oach O.S=ft (15-m) lntorval and onnlyzed for amerlclum~241 ond plulonlum-239/240. 
The results of the analysos showod that plutonium concontrntlons wore us high as 790 pCUg In the top 
1 tt (0.3 m) of tho absorptlon bod, Botow this level, the concctntratlons ol plutonium woro slgnlfimntly 
lowar, and genorally less than 100 pCi/g Qxcopt a t 4 5  tt (1,4 m) and 13,s tt (4.1 m) whero cancentmtions 
of plutonlum were over 200 pCH. In tho tuff hneath the absorption bod, from 6 to f 1 4  (1,8 to 3.3.m) 
dopth, the plutonium Concentrations docroased from around 80 pCVg to loss than 10 pCVg, showlng the 
absorbing capacity of the tuff for plutonium (UNL 1991, 7529), Tho incroase in concentration of 
plutonjum-239/240 et 13.5 ft (4.1 m) suggost that tho sourco of the contamlnents at depth may be from 
lateral movement of contaminants in the tuff, possibly from absorption bed no. 7 .  Slmllar to the 
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subsurfaco distribution of plulonium, high conci3ntrations oI omoricium-241 woro prosont in tho uppor I f! 
(0,3 m) of tho absorptlon bod, whero concentrations woro as high as 23 pCi/g. hV33th this zone, 
concentrations of arnericiumQ14 in absorption bed no, 3 woro gonorally loss than 10 pCl/g oxcopt In tho 
dcpth intowal 8.5 to 10 tt (2.6 to 3 m) where nmericium-241 concentrations rnngod from 18 to 24 pCVg. 
This interval is within tho bodrock tuff 2.5 to 4 11 (0.8 to 1 2  m) below the floor of tho nbsorptlon bed. 

In 1978 lour borohoies wow drillod into absorption bed5 no. 1 and no, 2 fit MOAT (two holos In onch 
bed), Each 01 tho holos was cored to D dcpth of 700 tt (30 m) and samplos of tho core were collected 
from oech 6-ln415 cm) interval and analyzed lor moisture contont, plutonium, and omoricium-241 (LANL 
1991,7529, p. 16-105; Nyhan ot at, 1984, 6529). The moisture content In obsorptlon bed no. 1 and In the 
undorlylng tuff wns 25 to 28% (by woight) from depths of 6 ft (2 m) down to about 20 tt (7 m); these 
moisture contents CIpprOAChCd saturatcd conditlons. The SOU~CO 01 tho molsturo was attrlbuted to the 
water Infiltration oxporimsnts that were conducted In 1960 and 1961. Bolow a dopth of 20 fi (7 m) 
moisture contents ware gonorally bolow 10% (by woight) except that ono of tho boreholes In absorption 
bed no, 7 encounlurod nearly snturatod condltions at depths of 30 to 35 tt (9 to 11 m) ond at 78 to 80 tt 
(24 to 25 m). Tho moisture content 01 absorption bed no, 2 and tho underlying tuff wns olgnilicantly less 
than associatod with absorption bed no, 1. Tho highost moisture COntOnt oncauntorod benoath bod no. 2 
was Elbout 20% (by woight) at a depth of 8 !o 10 fl (2.5 to 3 m), which Is in tho tuff directly bolow the 
nbsorpllon bod. Bonoath Uopth of 15 tt (5 rn) bolow bod no. 2 tho moisture contont wns gonorally loss 
than 7% (by weight) oxcopt thut in One holo alovated rnoisturo (io 18% by woight) wns proscnt from 55. to 
60-tl (17- to 19-m ) dopth. Somo of tho high moisturo zones in tho tufl woro corrolated to unit boundarlos 
with tho Bandolier Tuff (Nyhen 01 01, 1984, 6529). 

Tho plutonium ConContrEltions in thfr tuff boncafh tho absorptlon beds WQrO found to corrolato with tho 
moisture contont. Beneath obsorptlon bed no. 1 plutonlum was moasured In concentrations os high os 
30,000 pCVg and greoter than 1000 pCl/g down to a dopth of 40 ft (72 m) and bolow that dopth In 
concontiations of around 100 pCUg to 8 depth of 90 tt (27 m), Bclow 90 tt boneoth absorption bed no, 1 , 
the concentrations of plUtOnlum gonerally decronsed to bolow tho detxtlon limlt 01 30 pcilg. Bonoath 
absorption bod no. 2 the concentration of plutonium was 6s high as 10,000 pcllg lor about 3 tt (1 m), 
bolow which tho conccntratlons docreasad rapidly to 100 to 200 pcl/g from a depth of 13 tt (4 m) down to 
a depth 01 20 tt (6 m), below which tho plutonium concentrations were below the dotoction limit of 20 
pCVg (Nyhan et a!, 1964,6529). 

in an offon to undoratand tho moisturo and radlonuclido distributions bonoath MOAT, on invostigatlon 
Into tho hydraulic proportlos ol the tuff was initlatod by a bench-scala oxpariment on Masita del Buey. 
Waror was added to a 3- by 3- by 3-11 (0.97- by 0.91- by 0,91-m) pit in tho tuff for 230 days, similar to tho 
1961 lnvestlgation at MDA T. Moisturo in the tuff was moniiorod 10 il dopth of 36 tt (1 1 m). The rosults oi 
the lnvostlgatlon showed that tho moisturo drnlnod from tho tuff ufor about 286 days, suggesting that 
most of the moisture and radionuclide movoment benonth MUA T probably look place within a yeor or so 
after the infiltrotlon studles wore completed in 1961. Attor rodistributlon of !he moisture In the tufl ond 
concurront roductlon In hydraulic saturatlon, tho unsoturatod conductlvlty benonth MOAT In 1962 was 
probably several ordors of magnitudo loss than after the infll~mtlon exporimonts, which slgnllicantly 
slowod moistura and radlonuclldo rnovc+rnont (Nyhan ot €11. 1984, 6529). 

The results o! tho histortcal subsurlaco invostlgations at MDA 7 lndicnto thut movement of plutonium and 
amorlcium has occurred to depths of at tenst 100 tt (30 m) beneath tho dlsposal pits. Howovar, the total 
vertlcal and horizontnl oMmt of contamination at tho sits havo not boon dotorminod (LANL 1997, 7529), 

In 1984 ond 1986 two soil sampling survoys were conducted at MDA T to dotormino the oxtmt of 
radionuclide concentrations In near-suriace solls. 60th sompllng OvOntS followod oxcavntlon and rornoval 
of somo of tho disposal units from MOAT to MOA G in 7984 nnd Y 986 (Nyhan ond Oronnon 1993,23248, 
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p. 3). In 1984 soil samples w m  collectad from 30 samalo sitos arranged on u grld at 20477 Intervpls; 
surfoco ond sutjsurfaco sol1 samples W O ~ O  collected from three depths: 0 to 1 cm, 1 to 10 cm, and 10 to 
30 cm, The samples collected In 198U WOW unalyzod for tritium, piu1onium~238, and plutonium-239, 
Plutonium 238 concentratlons ranged from 0.01 10 1 pCUg and plulonlum=239 concontratlons mngod from 
10 to 100 pCl/g. The hlghost plutonium concentrations wore In tho wustorn portion of MDAT, obovo tho 
formor slte of tho corrugatod mota1 pipe llnod shafts that WWQ rornovod to MOA G (Nyhan and Dronnon 
'1993,23248, PP* 27,41)* 

In 1986 surfoce soil samples wore collected from 71 samplo sites on a grid panem spaced at 
10-m~Intefunls; the SamplQs wwo collected from ono depth only, 04 em, Theso samples woro analyzed 
for plutonlum-238, pluroniurn=239/240, and ~mericium-241, The results of the Invostlgntlon In 7986 
showad an area of elevatod plutonium and omorlciurn concontrations In tho sol1 that oxtondod from 
southwost to northeast across tho western end of the disposal shatts. Plutonium-238 concentrations 
ranged up to 35 pCMg and plutonium~239/240 concentrations were as hlgh as 70 pCUg. Amadcium-241 
concentratlons ranged up to 260 pCVg In tho sol1 samples (Nyhan and Dronnon 1993,23248, p. 41: LANL 
1907 , 7529). 

4.7.5 

In the genom1 context of MDA performance as It relates to vadoso zone transport, tho rosults of historical 
invostigotions suggest tho followlng: 

0 Aqueous-phaso transport of contaminants is mlnlmal undor normal unsatumtod condI:lons, 
Diff usion of volatlte contaminants Is signllicunt undor normal saturation conditions. 
Both oquoous- and vapormphase transport aro controlled by hlgh air pormooblllty zonos (fractured 
unlls and surgo bcds) withln the mesa. 

Summary of the results of Contaminant Transport Invostlgatlons 
' 

4.2 Vadose Zone Nydrologlc Characterlration 

This section summarkos Information compllod from various ER and non-ER sources doscribing tho 
, hydrological proportlcs and procossos that impact subsurfaco transport of contaminants at MDAs. Tho 
Intormatlon relates to tho Impact of dlsturbances to the natural systom (descrlbod In Section 3) due to 
MDA opmtlons. 

42.1 Injectlon Well Tests 

In the mid-1980s, fleld tosts were performed to mousure the lato of llquld water flow through tho Tshlroge 
Momber 01 the Bandellaf Tuff under n vorlety of saturated nnd unsaturatad condltions. Water was Injected 
undor controlled hydraullc=hoad condltions into o vonictll borohole (Injoctlon woll), and mdsture contont 
was measured at vorlous t h m  in a sorios of vonical boreholos difforontlally spaced around the injection 
wdl, Sevornl injection tests wore conducted to slmulato dlfforent condltions of potontlal seopage from 
undGrground plts orshatts at MDAs on mesas around the Loboratory (Purtymun et al, 1989,6680). 

One test was conducted uslng on injectton woll with a 1 0 4  (34) lnjoctlon zone and S O V O ~  obsorvotion 
holes to monitor the movement 01 335,000 gal. (t360 m3) of water that was injected into the tutf at 8 
constant head but at a rosulting gradually declining roto over 89 days, mls InJectlon test resultod In a 
powshaped cloud of moisturo (callod a nephol, which is Groek for 'cloud') that reached 8 depth of 270 It 
(64 m) and hod P total diameter of about 120 lt (36 m) [Purryrnun et nl, 1989,6880>, 

During Injoctlan ol water into the tuff, tho movement of wo1w was Initially domlnated by capillary ilow, 
which can bo ros:rictlve enough to Ilmit the lnjoctlon m e .  After lnjoctlon of a SuHlcient volume of flulds, the 
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saturation of the tuff increases around the injecrlon site and locally, saturated flow conditions can prevail, 
which is primarily drivon by gravity and supplemonted by capillory flow around thQ edge Of the locallzed 
saturated zona As mor0 w m r  is inloc!od, the nophol oxpands and tho unsaturated hydraulic conduetlviry 
at the fringes of the nophol increase as tho moisturo contont incraasos. Howevor, as tho surfoco area of 
tho nophol fringo incroases, thero 13 o resulting incroaso in flow rcsistanco, which also restricts the ovorall 
rato ol injection (Purtymun of at. 7989, 6880). 

A SUb50qUQnt tost was conducted to delermine tho effect of intarmittont dlschargos of fluids Into tho 
lnjoction woll. Duo to changing hydraulic conductivity of tho tuff Under difloront saturotion conditlons, tho 
amount of b i d  that tho tutf is able to accept nnd dissipate viAos. It was found that intomittent reloasos of 
f h i d  may Increase the total voIume of fluid that can be injocted, The primary movumont of molsturo In the 
nephol was downward benoath the injection well. At the ond of tho tOst period, ths nophol extonded ton 
depth oi 220 ft (67 m) bolow surlacc and hod n diamotor of about 80 tl(24 m) (Purtymun ot al. 1989, 
6880), 

Tho rosults of tho fluid injection tosts indicotod that tho hydrologic charrtctorlstics 01 the unsafuratod tutf 
can rotain or arrest tho movomont of wator-soluble contamlnants originallng from thO llquld or solld 
wnsres slorod In tho tuff such os at 8n MDA. A nenrty continuous and sutl kiently adoquato wnlor source 
would hovo to bo avallable boforo water-solubia contamlnants could be rapidly mobillzod to complotely 
ponatrato tho thicknoss of tho unsoturnted tutt, and no such wotor supply is normally ot disposal shes 
such as the MDAs. An lrrogular or seasonally fluctunling wnrer sourco could nlso bo sufficiont to 
potentlolfy moblllre wotor-soluble contamlnnnts, but tho migration rote of n soosonally fluctuating wator 
sourto would bo slower than I! tho water source was continuous (Purtymun ot al. 1989,6880). 

A!;or injoctlon of walur Into tho tun ovor on 89-day lnjoction tost, tho 3120 of tho moisture cloud or nophol 
suspcndod In tho tutf conlinuod 10 oxpand lor &n oddltional 200 days, Tho oxpansion of tho moisturo 
p~urno caused tho mol3turo conlent 01 tho contar of tho nophol to docllno, thoroby raducing tho rolativo 
hydraulic conductivity 01 tho unsolurolod luff and roducing tho rate 01 movomont of tho wator. When 
oqullibrlum of moisturo conditions In tho tutf 1s rQQChod, tho movomont of any walor-oolublo conlaminants 
cons03 ond uny contaminctnts would remain suspondod in tno tuff os long as no addltionol moisture 
Qntors tho syotom tu disturb tho dynomic oquJJlbrium (Punymun ot ol.1989, 6880). 

42.2 Natural T r a m  Analysos 

Natural tracors are constltuents found In the onvlronment that servo as an lndlcntor of conein condltions, 
ovonts, or procossos, NtlturGl tracors used to infor Inlormation about moisturo in tho vadose zone Include 
chloride, oxygen-I 8, and Uoutcrium, All uru constituonts prosont in proclpltatlon in rolotlvely constant 
amounts. All or0 present, then, In vodosoaono pore wntor, which Is dorivod from procipltatlon. If no 
precipitation weto lost to ovaporotion and transpirotion, then tho concentration of the traCQrS In pora water 
could be cxpoctod to bo equal to tho concontration In procipitotion. Conversoly, tho rolntlvo Concentration 
of :rotors in pore wntor compared wlth thO amount oxpoctod based on prscipitatlon rocords can bo usod 
to infer such things as rochargo rates, ago of water, and tho Occurrence of avaporatlon. Two natural 
tram analysos wero perlormed in M 1995 to support the developrnant of a concoplual model of vadose- 
zona hydrology ot MOA G (Nowmon 1996,59372). Similar analysos wore SubsOquCnlly perlonod on 
coro rotrloved from TA49 (ncnr MOA AB) (Nowman 1997,59371), TA-21 (mar MDAs A, 8, TI U, V), and 
TA-16 (near MOAS R and P}. Tho results of tho MDA G analyois pro summarirod herb, which nra 
gonerally roprcsontotlve 01 tho onalysss performod ot the other sltos. 
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Chlorlde 

Poro water wus oxtroctod (grovlmotrlcalty) from core samples collocted from varlous depths wlthln the 
Moslto del Buoy subsurfaco:Using standard methodalogles, pro-water chlorldo concentmlions wore 
moasurod and compared ta theoretical motooritlc wator chloride concontratlons (h,, the concontration of 
chloride accumulRlod In pracipltatlon ovor limo), The rotlo of moasurod to thoorotlcol concontratlons 4s 
usod to cstlmnte tho amount of poro wotor ovaporated, the ago of poro wnter, and tho timo roqulrod for 
poro watar to roach spoclllc depths, provldod that the following assumptlons or0 valld. 

Chloride Is doposltod sololy from tho ntmosphoro In relatlvoly constant amounts ovor tlme, 
0 Chloride dissolved In wator is carriod vonlmlly downward through tho vadoso zontt. 

Chlorldo uptako by plants is vory small. 
Them ore no S h k I  or saurcas of wator other than surtaco prQC/pkItlOn. 

I f  thosa assumptions ore valld, It may bo inforrod that tho downward flux of water 1s relatlvoly constant In 
regions where chloride concentrotlons aro unllorm, Tho magnitude of the downward molstum flux Is hlgh 
In regions whero chlorlde concontratlons oro low relotlvo to background levels, while fluxos wlll bo low in 
reglons charactorlred by relotlvoly high chlorldo concentrations. 

Tho rosults of the study showod a stondy lncreaso in chlorlde concantrutlon to 0 depth of about 15 m 
(50 tt). Tho oxtromely hlgh chlorldo concontrotions lndlcato a low liquid flux roto and/or a slnk for water. 
The chloride 'bulge" Is a charactorlstic of overy boroholo oxnmlnad at MDA G, and It Is vow unllkoly that 
tho hlgh concentrations aro the result of cllmato chongo. Instead, tho concontration of chlorlde Is 
assumed to be tho rosult of ovaporotlve procossos wlthln the mom. The noar=surlacQ and deop-mose 
fluxos pro hlgh relatlvo to the mid-mosa flux, lnforred flux rntos aro on tho order of o 2 to 3 mmlyr. (0.08 to 
0,l Inlyr.) In the shnllow and deap tonos and or0 0,03 to 0.8 m w r .  (0.OOY to 0.03 In/yr.) in the 
lnturmedlate tono. Wlthln the mld-mom raglon, cumulatlve chlortdo lncreasos fastor than Cumuln!ko 
water, lndlcntlng that wator 13 being lost from the systom at that lacotlon (Nowman 1996, 59372), 

To provlde nnothor ostlmato of rochargo, tho limo roqulrod tor the total omount of chlorldo In tho con) to 
occumulnto was colculstod. Chlorlde nccumulotlon ages con be lntorprotud os the longth tlmo that wotor 
has boon In tho moso. Tho accumulatlon ogos lor chlorldo In tho MOA G corQs woro calculotod to bo 
betwoen 2,000 and 17,000 yoors, Though uncorlalntlas BSSOCIatOd wlth ostlmates of chloride Input and 
ovaporatlon lntroduco errors Into theso age ostimatos, tho values usod aro judgod to be consewotlvo, 
Estimotbd agos BrO expoctod to bo grantor than actual ages, and In all cos83 suggest that wetor 
movoment through Matlta dul Buey Is glow (Nowmon 1996,59372). 

Stable Isotopes 

Tho naturally occurring stablu isotopos of oxygon and hydrogon (oxygon-18 and hydrogen-2) that, as 
constltuonts of wator, aro usoful lndlctltors of ovaporatlon. Tho comporattvo abundances of oxygen48 to 
oxygen4 6, and hydrogen-2 (deutorlum, 0) to hydrogon-1 , aro rolatlvely constant In preclpltotlon. 
Howovor, slnco both oxygen-18 and hydrogen4 are 'hoavlef than tho more abundant Isotopes (OXygon- 
16 and hydrogonel), they do not ovaporoto 0s readily. 

Tho relotlvo obundoncos of theso two hoavy isotopos comparod wlth the mor0 prominent lsotopt3o pro 
deslgnotod 0' and '80." Poro wator wos QxtraCted uslng vacuum dlstlllatlon from core somples from 
boroholo 54-1 117 at MDA G, Results wero compared wlth the chloride proflles to tost the deep 
evoporntion hypothesis, Indicating that the lightor Isotopes had beon ovoporated at depths much greater 
than could be Influencod by eurlnco evaporation. Surlaca evaporotlon offacts am llmlted to the shallowest 



1 to 2 m (3,3 to 6.6 It); tho prcsonco 0 1  hanvy wnlors ut duplhs ot 5 m (16 11) and doopvr In strong 
evidencQ that thcro is on cvaporativo sink at intormodiato duplhs In !ha mesa (Nowman 19% 59372). 

4 - 2 3  M3A G In Sltu Molsturc Monltorlng 

Molsturo conlmt is an oxtromoly important pnrarnotor in asscssing contaminant folo and transport In 
unsaturetod fracturad, porous modia, such ;IS the Bandclior Tuff Moisture contont wlthln disposal unlts is 
directly related to tho loachcrto concentrations and contaminant release rat0 (i& the aqucous-phase 
source term), and moisturo content bonoath disposal units. is directly rCi0tQd to tho rate at which 
conlamlnants miry bo IranspoRod through the subsurl'nco, 

Plt 7 and Ptt 2 Covers 

In 1973, neutron-probo maistura m~asurcmonts wcro obtained at MDA G from holes augored into the 
covers over Plt f and Plt 2. which wBro closcd in 1961 and 1963, rospoctivoly, Molsturo content variod 
botwoen 12% nnd 17% by volumo In tho Plt 1 CovOr and betwoon 4 and 8% in the Pit 2 cover. In all 
measurcmonts, peak water concantrations occurred at Copfhs of 2 rn (66 tt), and docroasod betwoon 
2 m and 3 m (66 tt and 10 tt). Tho variation in moisturo contonta obsowod botweon the pits was 
fontativoly attrlbutod to vnrlatlons In soil conductivity 3r dltleroncos In surfaco slopo. 

Plt 37 Inventory 

The valumotric moisturo content within Pit 37 has beon moclourod porlodically for sovornl yoars, 
Maasuromonts or0 abtclinod using 0 noutron probo lnsortod into a vorllcol PVC plpo installod In tho contor 
of tho plt. Pit 37 Is axpoctod to havo moisture contonts in CXCQSS of most pits ot MOA G bocauso it hos 
bocn opon for a rolallvoly long pQriOd of tlrnc. Whllo most pits are oxcovoted, filled, and covorod withln 
two to four yonrs, PIt 37 has boon rocciving wasto since 1990, ond has still not yot bean covorod. Multiplo 
mcasuromonts from Plt 37 show a maximum moisturo COntont 01 about 11% by voluma, with o moan ot 
about 8%. 

Vertical Borcholcs 

Ncutron-probo measurcmonts of moisturo within tho subsurlocc a! MDA G consistently show throe 
moisture-cantont zones. Tho prolllos gonornlly havo a Zonc botwoon 8- and 23-m (25- and 75-17) dopths 
whore volumotric moisture conten: is 0.5% to 2.0%, wtth higher moistura content3 above and t701ow. 
Estimntos of flux rates through this low moisture content region, bnsod on unsaturated hydroullc 
conductivity osrimcltss, aro nagligiblo, Wator prossuro profiles estimated bonoath the mesa using 
hydraulic proporlies from cores suggost liquid wntor movm towards tho base of Tshlrogo Unit 2, a dopth 
of about 15 m (50 11) from above and balow. 

Horizontal Borcholcs 

In 1992 tho iivo horizontal Sarcholos thot wore drillod In 1976 bonoath Pit 1 at MDA G wero roentcrod 
and moisture moosurements wero oblalned using a neutron probo. Volumotric moisturo contont valuos 
beneath the pits w m  in tho rango of 1 to 4%, and wore generally 1 to 2% highor boneath tho pit than 
moisturo lovols away from tho pit, Theso rnonsuromonts suggost that pit oxcaviltion might haw a small 
etfoct on moisturo Contonts boneath the pits, 

Volumotric moisture content in ovor 100 core samplos from the off-horizontal boroholos drilled In 1995 
bonoath Pits 37 and 36 01 MDA G mQOSUrod bctwoon 0,2% and 15%, with an avorago of about 5%. The 
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maxlmum moisture contont (15%) was measurod In a single sample. 100 tt (30 m) beneath PI! 36. Thls 
single maxlmum was bounded by measurements of 10% wlthin 5 4  (7,s-m) Intorvols, and 8% wlthln 10-tt 
(3-m) intervals. All of the meilsuremonts toll wlthln tho same 'ploteou" region of the unsaturatod hydrnulic 
conductivlty curve shown prevlously In Figuro 3.3.2, indlcatlng that molsturo movos at the same rate 
despito moasurod dltforoncos In moisturo content. 

4.3 Surface Processcs and'Cap Performance 

Undor tho sponsorshlp ol tho US Department of Energy (DOE), US Nucloar Regulatory Commission, 
Envlronmental Protoctlon Agoncy (EPA), Alr Force, and Novy, tho Envlranmontal Science Group at the 
Laboratory has performed studlos ond domonstrntlons on landfill surlaco covors and procossos thnr otfect 
Iandtlll performanco for nearly two docades. Tho guiding prlnclplos for landfill covor doslgn projocts am to 
reduce risks to human health and tho onvlronmont and to roduco costs associotod wlth post-closuro 
monitoring and molntenunco, Tho domonstrotions and studies are groupod into thrw gonoral catdgorios: 

- - matorlols and thoir arrangements !of landfill covors 
procossos that aifoct long=term porlormance ot tho landfill 
postclosurG monitoring to moasuro landfill porformonce 

Although supporting nntlonal lntorests, tho studios havo !ocused on optlmal doslgns for orid climatos, 
They leaturo robust caplllnry barrlers that aro not SUbjQCt to dosiccotion and cracking. Processes that 
onoct lonptorm intogrlty hovo boon invostigatod, Including lntruslon by onimals LlnU vogotation, 
subsldenco, surface eroslon, vegotn:lon evtablishmont and succession, and climate. Instrumants that 
meusuro water content to detormine C O W  porformnnce and landllll responso have been tosted, os have 
automated data colloc?ion tochnlquoo. 

Los Alamos Experlmcntol Engineered Tcst Faclllty 

Betweon 1981 and 1988, a flold resoarch and dovclopmont program funded by the DOE and podormad 
nt tho Laboratory dovoloped and ovoluatod tochnology to sddruss shollow-land barrier probtcms In arld 
anvlronments. Tho objectlvos of the program wero 10 dovolop and fleld-tost: 

blolntrusion biirrlers (biobarrlers) 
systoms for ground and surfoco wator munogemont 

fidd oxpclrimonts wen3 instafted whin an 8.69ha (2'1-0cro) plot of lend doslgnatod tho 'LANL 
Expctrlmontnl Englnoorod Tost F ~ ~ l l l t y  (EETF)," A plant root intrusion study was conducted In lyslmoters 
contolning various combinntlons of vogotation, soli, and barrlor moterlai. Condltions were optimlre:: lor 
rapid plant growth to produce maxlmum root ponetration. Stablo coslum, whlch Is absorbed by plant roots 
and translocated to abova-ground plant ;Issues, was appllod bunooth each covor profilo os n simulated 
wasto. Sumplos ol vogotation wore analyzod using noutron activotlon of cosium ot varlous times through 
tho oxperimont. 

Cobble, gruvol, and cloy were tostod as blobarrlor components in tho lollowlng doslgns: 

topsoll UndQrlaln by 30,60, and 90 em (12,24, and 36 In,) crushod tuff (control) 
0 topsoil undortain by t 5 ,  30, and 45 cm (6, 72, and 18 In,) bentonlte clay 

topsoll underlain by 30,6O, and 90 cm (12,24, nnd 36 in,) Cobble 
topsoil underlain by 30,60, and 90 em (12,24. and 36 in,) cobblo/gravel rnixturo 

Results showed that crushod tuff oFtors llttlo protection ogolnst root intrusion, whllo the clay, cobble, and 
cobblo/gravol barrio6 woro very offoctlvo. lncroaslng barrlor thlcknlsss groatly improvod the performance 
of each systom; maxlmum thlcknoss gonorally reduced root lnlruslon to less than 20% of the control plot. 
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An animal intrusion barrier oxperimont was conducted by filling metal culvorls with crushod4ufl backflll 
and 90 crn ol Qach of the four barriers doscrlbed abovo, A single pockct gopher (Thomomya bortoo) was 
mninfnined in each culvon and allowod to construct B burrow systom within the COvOr profile Over a period 
of 4 months, At tho ond of tho stuay poriod, tho gophers woro romovod and thoir tunnel systems were 
injoctod with an expanding polyurethnno foam to provide o cast of :he tunnel syslom. The tunnel cos0 
was oxposod by excavation to provido a qualltativo ovaluotlon of lntruslon borrlor eff eclivonoss. 

Rosults ol the gophor lntruslon cxperimont demonolrotod that cobblo, CObblQ/grOVd, and clay woro 
oqually oHec:ive in provonling nnlmai intrusion wlth dopth, Thc crushod-tuff barrier, however, was rondily 
usod lor tunnolhg. 

In assessing thQ ov(3rall otfocllvcncss of tho clay, cobblo, and cobblo/gmvol bioborrlors, It was dotormlnod 
that tho clay was loss usoful In that ir is subject fa doslccntlon, shrlnkilgo, and crocking In tho somi-arid 
environment of tho Laboratory. Additionally, cobblo, although OtfeCtlv0 In prCvOntlng animal burrowlng, 
may not be a viable long4orm plant lnlrusion barrier becauso of tho polwntlal lor intorponotration of soil 
into tho rocks, which would support root growth. Thus, tho cobblolgravcl barrior wcrs'judged most off octlvo 
at minimizing both plant and animol penotration, 

Two moisturo-burrior field oxperimonts woro conducted in the Laboratow EETF, consistlng of 3-rn=(10gtt=) 
diameter by 6-m (194tj doop caissons. O m  was Mod with ruff ovorlying grnval (control), and tho othor 
was flllod with a tuff-bontonitc (2%) mlx overlying sond, Tho tufl=bontonllo intorfaco was sloped at 10% to 
provldo addltlonol Information on tho "wlck off oct" ol the Ilnor !ut!-bontonito mixturo: Percolotlng liquid will 
penotrato tho coarsor sand only aftor tho flnor tutbbontonlta loyor noars atlturotion; at unsaturatod 
conditions, moisturo will movo latorally along the Intotloco, Soil maicturo dotorminotions wore potiormod 
using neutron molSturO gaugos. Moasurements wero made ovory 30 cm (12 in,) across the ontiro width of 
m c h  caisson. Sol1 WatOr tonvlon was datcrmlned with n tonsiomotor. 

RQSUltS lndicnto that a capillary barrior mndo ol crushed lufl and clay would work offoctlvoly over D 
rolatlvoly wide range of soli molstures in the Ilold, providing protection lo undorlying wastos In vulylng 
moisturo condltlons, Us0 of local tufi with low amounts of nddod bontonito appeared lo be vory promising 
In greatly docroasing hydraulic conductivity wlthout showing any of tho mechanical impoirments of clay 
mentioned above. Furthorrncro, rosults suggostod that tho wick phenomenon of unsaturatod flow is 
potontially usc1ul in tho dosign of capillow barrlors. 

Los Alamos lntcgratcd Tost Plot Exporlmcnts 

The Los Alomos Intograted Tost Plot (ITP) was instnllod in 1984 to tost and dembnstmto, on n lorgo-scale 
and long-term, dosign foatures Including the tollowtng: 

sol1 orosion 
subsidonce 
biointruslon 
ct~plllafy barriers 

The ITP compared watot balnnco and biological intrusion on o convontlonal control plot (Compacted 
crushed tuff) and an engineered design, which Incorporated tho best availobla knowledgo on methods to 
control erosion, subsidonce, percolation, and biological intruslon, Two 3. by 10-m (1 0- by 334t) 
demonslratiorl plots for each of the two cover desigcs were Installed at tho Laboratory €OF. Each was 
instrumontod to measuro run-off, soil water storage, and soupage, 

Tho technology for soil erosion control on both Cavor doslgns was 0 60% to 70% grnvol mulch and a 
vegotativo cover of nailve grassos (Boutolouo gracilis and Agropyron smithil). The dominant downhill 
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slopo was limited to 0,5% to llmlt runsff, Subsldence in the test plots was minimized by optimally 
compacting each layor of soil placed in the plot, The control cdvor conslafed of I 5  cm (6 In.) of topsoll 
ovor 76 em (30 in.) of crushed tuff, The enginoored doslgn footured 71 em (28 In,) of topsoll ovor a 464m 
(184n.) gravol caplllary barrtor at a 5% slopo to provldo for sol1 water storage and to dtvort vortical flow; a 
91 ern (36-111,) cobblo blobarrier; ond cruohod tuff, 

Tho oxperlmonts moasured root intrusion and water balonco (preclpltotlon, leachato productlon, and soil 
moisture) to nssoss covor podormonco. To moosure root intrusion and luachote production, cesium 
iodide was appllod to tho crushed tuff layor in oach plot. Boing lmmobllo In sol1 but reodlly osslmll~ted by 
plant roots, ceslum In plant tlssue lndlcatod root penetratlon through tho covor. Tho highly mobllo lodlde 
served as a hydrologic tiacor In laachate wator samplo collected at the bottom of the caissons. 

Ahor the Initial 3=yoar phaso of this study, results showod that the onglnourod design had four distinct 
advantages ovor tho control cover. First, tho layerlng sequonce rwdlts In a capillary barrler that generally 
rotolns wator In tho upper flnoqrolned layor, making It moro uvalloblo for ovapotronspiratlon. Socond, the 
biobarrler koops plant roots from growing through tho covor. Third, water rotainod In tho upper lnyor 
supports dnhanced rwt mass noar tho surface, which lncroasos transplratlon ond improves the soil 
erosion protection provided by vogctatlon. fourth, porcolotlon from snowmelt (when avnpotronsplmtlve 
lossos ara small) that ponotratos into tho coorso layors can be dlvorted by drolns omploced In this layor. 

Erosion Control Study 

To study tho wutor bolnnco and erosional bohnvlor of sovoral covor conditions, o 15- by 63-m (50 by 
200 ft) slmuloted trench cop of tho convontionol control doslgn was constructed at tho EFTF: o w  this, 
olght surface troatrnents woro oppllod. Each tost plot hod a :itope o!  YO, Tho pfots werO subjected to 
sirnulatod rolnfoll to generato Inflltrotion, run*otf, and oroslon. Tho surlaco trootment critorla wore solcctod 
to suppon tho dovolopmont of tho Univonol Sol1 Loss Equotion. Thoro woro four surfoco vorlatlons 
Invosrlgoted: 

Barc soil troatment: not tilled and loft boro; 
Plant treatment: tlllod and seoded wlth native gmssos; - Grovel troatment: gravol ovor the boro soil; and 
Gravol and plant troatmont: soodod and gmveled, 

RQSUltS of this study aro summarlrod as follows: 

Tho dlaking process usod to propare tho plant treatment plot resulted in on oponing and 
loosening of tho soil and decroasod tho occurrence of oxtondvo cracks obsorveu on the bare soll 
plot, - tho gravol trontmont dramatlcolly roducod sol1 oroslon but lncroasod lnflltratlon by reducing 
evaporation. 

0 Tho gravel and plont troatment oxhibltod decroosed wntorcontmt bononth the cop duo to 
transpiration Irom the vogetotlon, 

Protectlve Barrier Landfllf Cover Demonstratlon 

The Protectlvo Barrior Landfill Cover Demonstration oxarninod tho hydrologlc performance of four 
difloront onglnoored landflll covor designs wlth downhill slopes of 5, !O, 15, and 25. Ovor a perlod of 44 
months, field moasuremonts of soopago, precipitation, intorllow, runsff, avaporation, and soil-wator 
content wero colloclod to quantity tho porforrnenco of the onginoorod barrlors os ~1 function of slope 
length, 
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Tho four designs woro the followlng: 

= 

e 

. 

Convcntlonol dosign (control):l5-cm (6-In.) loam over 764m (30=ln,) crushod tuff ovor 30cm 
(lZ-in,) gravol 
EPA deslgn: 61-cm (244-1.) loam over 30-m (12-111,) sand ovor 61-cm (24-In.) clay-tufl ovor 
30cm (1247,) gravol 
Loam cnplllary berrior doslgn: 61 .cm (244n.) loam ovor 76-cm (30-In,) fine smd over 30em 
(12-In,) gravel 
Clay-loam capillary barrior doslgn: 61sm (24.h.) cloy-loom ovdr f G c m  (30-in.) line sand over 
30-cm (12-inJ modlum gravol 

The ulllmato objecllvo of this on-golng study Is to optlmtze a dosign foro speclfic slope that minlrnlzos 
run-off and seopago and moxlmizos interflow and evaporation (and transplrntlon, although tho flold plots 
aro not vogetatod). Signlficant results of tho study are the following: 

Tho maximum mount of soopoge occurred In tho Convontlonal Deslgn at 5%, reachlng 13 
maxlmum of 10% of tho precipitation wlth the 5% slope. 
No soapago was observed on the Chy-loam Capillary Borrior Doslgn at 10,15, and 25% slopes, - Flold plots wlth lergor slopas hod moro evoporotlon generally resulting in loss stross to the 
underlying layers, 

4.4 

The DOE rodlosctivc waste disposal sltos or0 manngod, In pan, based on whether tho sltos wore actlve 
beforo or nher tho lssuanco of DOE Ordor 5820.2A (Soptcmber 25, 7988). DOE Order 5820,2A requires 
a redlological PA 10 domonstrate and document the safely basis lor disposal sltos occoptlng low-levo1 
radloncllvo wasto (LLW) otter Soptember 25,1988. Tho order dofors radioactive WOStO dlsposal sites 
used bdoro that dote to olther Cornprohonsivo Environmentnl Rospanso, Componsotion, and Liablllty Act 
(CEACIA) or Resourco Consorvatlon and Recovory Act (RCRA) corrocflvo nCtiOn, wlth thQ lonor applying 
at the Lobnrotory, To ansuro that tho cumulative rndlological impact of all radioactlvo wasto dlsposnls will 
not adversely impact human health or tho environment for futuro genorotlons, a composito analysis (CA) 
is olso requirod by the DOE. 

Tho PA Is required to detcrmlno if LLW gcnorntod sinco Soptombor 26, 7988 has beon, nnd will continue 
to bo, disposed at MDA G In a mannar that will not rosult in radlatlon dosos to the publle that oxceod 
padormanco objoctivos spoclflod by tho DOE. in a compfamentary fashlsn, the CA is used to ovalunto 
options !or onsurlng that oxposuros !rom all rodloacllvo wasto dlsposod of nt MDA G wIiI not oxcoed 
specilled limits In tho futuro, Tho CA Is otso mennt to lnfluonco correctlve nctlons at ER s/to3. 

Tho PNCA lor MDA G is oqulvalcnt to a baSClhQ human-honl:h risk aDs08SmOnt for radiological 
constltuonts, ovoluotlng envlronmontal into, transpoR, and human-health risk consaquonco of 
rodloactivity dlsposod thore. Consistont wlth DOE guldance, tho ail-pathways, nll=sources risk analysis 
covors a time period of 1,000 years post closuro. 

Tho Derlormanco objoctivos for thQ PA thet are comparable 10 RCRA and CERCLA risk oDSBsSment 
roqulromonts are tho 10llOwlng: 

MDA G PA and Composlte Ansiyslr 

Mnxlmum offectivo dosc aqulvolent of 25 mremor. to any mombor of tho public resuttlng from 
oxtornal oxposuro and concontrations of radioactive rnatorlal ralonsod into surface wator, 
groundwafor, soil, plants, and animals, 
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. ,  

Maximum eliactlve doso oqulvalont of 10 mrom/yr. to any mctmber of the public from 
cffncmtratlons 01 radiooctivo mnferiaf roloased to tho otmosphoro (oxcludlng radon) from Aroa G 
and oil other foclllties at the Laboratory. 
Mmimum otfoctive dose oqulvolent of 4 mromlyr. to tiny member of the publlc from the 
consumptlon of drlnking wator dmwn from wells outside of the land-use boundary. 

0 

The performance objoctivo for the CA is the DOE primary cnnual dose limit of 100 mrem'yr. 

The sosults of !ho PNCA are compared to tholr EiSsOClQted porlormanco measure In Table 4.4-1, 

Table 4rGl 
Summary Results of the MDA G PNCA 

invcn toy Analysis Location Calculated Peak Dose Psrform8ncc Objoctlva' 
PA , Alrpathway Canada dol Buey. 6,6x1@ mremlyr. 10 mrvrnlyr. 
CA Aft palhways Canada dol Buey 5.8 mrorWyr. 30 to lo0 mremlyr. 
PA Gmundwator protection WhltO Rock 3 . ~ ~ 1 0 ~  mromlyr. 4 mmmlyr. 

PA All pathwnys Whllo Rock 1,OxrO' mrumr. 25 mromlyr, 

CA All pathways Whlte Rock ' 7.W OJ mrona'yr. 30 to 100 mromlyr. 

Paiarito Canyon 

Pajarito Cnnyon 

Pajartto Canyon 
I 

*PeHomence o&j.ct~ve represents the maximum prajsctd oxposuro from nll relrasrs at Ihs tpboralory, 

4.&1 MOA G Conceptual Exposure Model 

Liko risk assossmonts podormed under RCRA, PAS and CAS roquired for DOE LLW dlspodal sltcs are 
based on a concoptual slte oxposuro modol, which Is & throodmensional picture of what Is known or 
auspocted about the contamlnant sources, relo~sos, faro and transport, and potentlal receptors. The 
concoptual model for MDAs Is shown In Figure 4.4-1,Thls conceptual modol is based on on extensive 
body ol infomarlon derlved from hlstoricol she-spoclfic investlgatlons nt MDAs, lncfudlng those 
summarized above tn thls sealon, 

The solid arrows on the tigum emanotlng from the mesa surlaco and vegotatlon represent tho rnovemont 
of wateras a llquld (strolght arrows) and os D vapor (sarpentlns arrows). Liquld wnter generally move3 

'downward into the bedrock formations (1.0,~ infiltrates), whilo water vapor generally romains static wlthin 
tho Bandolier Tuff or moves upward and outward through tho mosa top and the mosa sides (la., 
ovoporotos) and up through vegetation ( L e h  tmnsplros), 

On the concoptual model, strrrlght and sorpontlns arrows roprasent contaminant mlgmtlon from the 
source terms (1.0.. reloasos from disposal units), The straight arrows ropresent movornent of loachate 
percolating through tha disposal units. Tno sorpontlno orrows doplct releases of contomlnonls into the air, 
either as gases or as dust partlclos. The orlglnal sourca torm for resutpandod pnniculates Involves 
procosses that lead io  deposltlon of coniominan!s at the surface, Including eroslon and Intrusion by plants 
and anlmals, 
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. , Mntorial Dlspss9lAAroas Core Oocumont 

' , .A'ioUrca reloaso combined with alr or water can transport contrtminonw away from the dlsposal site to 

, . .  . ,  . , .  . . t 

. .  
. .  

9 ,I,. 

..,. .. 
,. . . 
/ r . ,  . . . - "  " 

. .  . , , I  

. . , \1  + .  ' 

:, % I  

, . .  ;. 

' , h . : .  ' I . .  . locations wherc it might. bo accessod by human or ecological rocoptors. Contaminant transport 
' +' ' ' . mechonlsms Identlfled by open arrows on the flgure are the folluwlng: 

Leachate transponed downward by gravity and olhornotural forces (9.g.. vapor prossure, wuter 
. a ,  , , , . prossure) through the bodrock bonooth tho dlsposol unlts In tho dlroctlon of the regional oqulfor 

, 
. .' 

. .  . .  , I . .  

. , I  I , , .. ' O 

0'. . Cas-phase releases and resuspended panlculales transported In alr to downwlnd receptors 
Doposltlon of contaminants on tho surface resultlng from biotlc trnnslocotlon and erosion 

' . .  " .  . . .  

; transported off the mesa by stormwater runs# , 
, , . .  . . .  

. . ,  
, 1 "  , . .  

. . . .  . ; : ' , '  I ' . , conlnmlnants in water (either shallow groundwnter or surlace water) can be asslmllated by plants: 
' , .,' .. ,; ' resuspended radloactlvlty In air can be deposltsd on plants; and contamlnonts In surface soils can be 

;.Exposure pathways can Includo'one ,or more source terms and transport medlo, For example, 

. .  , .  I . " .  ' ' ,splashed onto'plants. 

. .  
I .  

I .  ' 

. . .. ' ',' ' . . 4.42 . Groundwater Pathway Anatyolr ' ' 

. :  . .. . .  
. ,  . .  
, '  . , . .  . 

* ' , .  . 

. The groundwater pathway anotysls used In the MOA G PNCA Is based on a sequence of events solected 
as ti worst case, most.conservatlve scenarjo. Thls sequence of events Is GS lollows: 

Radlonuclldes are loached by wator porcolatlng through dlspasnl unlts at MOA G 
Contaminants In leachate ure transported vertically downward through the vndose zone to the 
regional aquifer or laterally to alluviaJ groundwater In Pajorlto Canyon, from where contamlnonts 
may be transported downword to the reglonal aquifer 
Rodlonuclide contamlnclnts may be dlluted and transparfed within tho roglonal aquifer 10 locotlons 
down gradlentof MOA C 
Individuals at off=slte locatlons may rocelve doses 09 LL result of using contamlnatod water drawn 
from the rogionel aqultor for drinklng, crop Irrlgution, and walsrlng onlmals 

. ' : ' . . a  . .'It Is importont.to note that the conceptual groundwater mlgratlon pathway at MOA G does not appear to 
. actually occur butwas modoled 8s D posslble Occurronco to obtain D consorvatlve rbsult for modellng 

'. purposes. The laterul transport mochoniam to tho sides of the mosa and Into tho adjacent canyon alluvlal 
systorn has no bash In reallty..but was lncludod as a concoptual fast-poth of groundwatercontamlnant 

' 
4. . . . _ . , , ,  . 

. -  
1 '  ' 9' 

. .  , . .  .. ' . , transport to the nglonol &qulfef. 
. 1  , . .  ' . I  

, I .  * 
. ': ' The maximum annual groundwatobpothwoy dose colculated during the 1 0 W y  compllmce period in the 

. \ >  " < ,  ' , . . ' MDA G CA was 19 x 10' mrem ot tho downgradlent receptor location. Carbon-14 was tosponsible for 
, ' . .. . . ,  ' , I  ' most of this dose, with technetlum=99, and lodlne-129 PISO contrlbutlng. Evon when WOIS~ICLISO bounds 
. .  ; 

,, . .  ., ' I .  I . 

on the uncmainfbs in the groundwater antilysis were considerod, daws were five orders'of magnltude 
below EPA's I=mramlyr'threshold (LANL 1997,63131). 

me ldrgest uncortainties in tho conceptual groundwater contnmlnant mlgrotlon pathWQy analysis wore in 
the following: . I  

I \  . . 
. .  
.. . 

8 .  . .  
0 .the tolal lnvontory of nonbsorblng, lonpllved radlonuclldes 

. the percol&tlo,n rate of loechate through the vedoso zono 
*. the factors ofioctlng dilution in the reglonol aquifer 

. .  

' 0 tho intlltratlon rate through the dlsposal units 
, .  

. .  . 
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4.4.3 Alf Pathway Annlysls 

The a r  pathway analysis a: MDA G is based on tho lollowing assumptions: 
0 Radionuclidos aro brought to tho sudace ol MDA G by plonls and anlmols ponetreting Into tho 

disposal units and by gasoous radionuclides diffusing upward and outward to tho ground surlace. 
Contcrminonts in solls are resuspended in the air above the disposal unit and togothor with 
gasoous radionuclidcs aro transponod to an oft-slto receptor by thQ prevailing winds. 
An individual rocelvcs dosos lrorn the inhalation of oirborno porticulntos and gasos, ingostlon of 
contamlnatcd food crops, and external radiation from airborno radlonuclidos and contnminatod 
so11s. 

Tho rosulllng rnaxlmum air-pathway dose projoctod for the MOA G CA wo3 5 3  mrom por yoar at tho polnt 
of maxlmum exposure In fho adjacent canyon, Cafinda do! Buey, Tho radionuclidos rosponslble tor tho 
vast majority of the hir-pethway d05e wero actlnidos from the oldest wasto. The model used for biotic 
translocation assumes a mmlmum burrowing depth of 2 m (6.6 Ft) bosod on sitobspecillc dato and 
assumos that burrowing snimals rcadlly i:xcsvate wasto con:aminatod wlth actlnldes. This Is a 
~ons~rvatlvo dopth based on inlormntlon indicating that the lergost amount Of tho plutonlum-tmarlng 
waste in that ponion of the invonlory is dewatered sfudgo that is buried 01 depths of threo motors or moro 
(1997,63131). 

The largest uncertaintior, in tho air pothviny analysis woro associatod wlth the following parornotors: 

anlmat burrow dopth 
total actinido Inkontory and consontratlon 
tho extont of channeling of winds Into Canada dol Buoy. 

4.4.4 S U ~ P C C  Water Pathways Anialysls 

The sudaco watw pathway anolySlS is I>asod on tho iollowing ossumptlons: 

Rodlonuclldos ore brought to If10 surfnco of MDA C by plant uptako wlth plant roots growing Into 
tho wasto and onirnols burrowing into tho wasto, 
Contaminants in solls 410 transported irom tho mcsa top to tho floor ol tho odjacont canyon by 
gtormwator runstf. 
Mobilo (solublo) contaminants or0 tmnsponod vortically downward into tho alluvlal groundwoter, 
and thon to tho roglonal aquifor. 
An individual rocolvos dosos a8 n rosult of oxposuro to contomlnatod soils and of using 
contaminated wafer drawn lrorn tho rogionnl oqulfer lot drinking, for crop Irrigation, and for 
wntoring animals. 

Tho maximum surfacc water pathways doso c~lculared during tho 1000.yr compliance poriod ol tho CA 
was 7.2 x l o 3  mrom/yr. Tho majority o! tho doso was attrlbu!ed 10 inhalation ot rosuspondod 
contaminated sedimonts and ingastion al vegetables contaminotod with sediment (by way 01 raln splash), 
lmponant radionuclidos were plutonlum~239, silvor-l06mI and omariciumQ41 brought to tho surfaco of 
tho disposal site by burrowing animals. Assumptions nbout the distribution of octlnldos In tho dlspasol 
unlts, discussod previously with rospect to the air-pathway anolyslS, ore oxpectad to result In consordative 
doso projections lor thG surface water pathway (LANL 1997, 63137). 
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Tho primnty unconaintios in the surfaco water pothwoys analysis are associated with the following 
parametom: 

animal burrow dopth 
total nctinido lnvonlory and concentrirtlon - tho amount of sodlmont transported In stormwritor. 

4.a.5 AM Pathways Analysls 

Tho rosults for tho PII pathways analysis woro compared against n porfarmanco objoctivc of 25 mramlyr. 
tor tho MDA G PA. Localions for projoctod doses includod the recoptor location near the nearby town of 
WhltQ Rock before the end of inslltufional conlrol and tho rocoptor locations 100 m (330 tt) QOS1=90UthB~St 
of MDA G, and In the adjacent canyon theronfter. No signillcan: exposures wero found IO occur at the 
locotion near Whlto Rock, Tho peak dose projoctod for the recoptor 100 m (330 f l )  east-southeast of 
MOA G was 2,O x 70” mrom. WhilQ this Is 60 % groafor fhan tho dose fat the groundwater pathway 
onalysis, It is still a SmOll fraction o! tho performance objoctlvo. Largor dosos woro calculated for tho 
odjncont canyon recoptor, The maximum doso during tho I ,000-yoar compllcinco poriod was 1 ,O x 104 
mom, which Is D factor of 250,000 loss than tho porformanco objoctlvo ( I A N 1  1997,63131). 



5.0 CONCEPTUAL MODEL FOR MATERIAL DISPOSAL AREAS 

One ot the goals ol the material disposol nroas (MDAs) core document is to provide a conslstent 
approach to tho dQVOlOpmUnt of COnCoptual models !or MDAs basod on the concsptuai modol for tho 
MDA G performance assossmcnt (PA)/composite analysis (CA) doscribed in Sectlon 4,4 of this 
docurnont. Thoso site-specific conceptual models will be used as the bask for risk assessmmt in the 
Rosourco Conservation and Aocovorj Act (RCRA) fncility investigation (RFI) and corroetlvo measures 
study (CMS) process for MDAs This section describos tho systematic approach that will be followed to 
dovelop concepfuol models for tho Lsborotory's MDAs based on tho MDA G conceptual mOdQl, Tho 
process ~llows tho MDA G conccptual physical model to bo odnptod 8s necessary to accommodnto tho 
signllicnnt features, events, and procossos (FEPs) at other MDAs, which were doscribed in Seclions 2 
and 3. 

5.1 Systcmatlc Approach to Ocvcloplng Conceptual Models for Othcr MDAs 

The systomotic approach to MOA conceptual modcl dovolopment makos use of recommondotions of the 
BIOMOVS It working group on rcfcronco biospheres (Davis et ai. 1999,63521), This Is a technical 
working group of thQ biospheric modol validation study (BIOMOVS), an Internotional cooperotlvo program 
composed of 160 organizations from 31 countrios supported by tho Atomic Enorgy Control Board, 
Canada; Atomic Enorgy of Canada Limited; Contro do lnvostigacionos Enorgetlcas Modloambiantoles 
and Tecnalogicas, Spnln: Empreso Nacionol de Roslduos Radloacllvos, Spoln; (Davis et nl. '1999,63521, 
pp, 118=119). Tho roforonco biosphoros working group has odvancod a mcthodology for devoloping 
conceptual models for solid radloaclivo wasto and hazardous wnste disposal sites. Tho rocommondod 
mothodology was oppliod within an Eloetric Power Research InstltutQ total systcms PA of Yucca 
Mountain (Watklns at 01, 1999, 63523). 

Tho approach proposod by the Environmcntal Rcstorotion Projcct is a site-specific application of the 
mefhoddogy recommended by the roforcnco biosphorcs working group (van Doip ut ai, 1999,63522, 
p. 227) It consists of those stops: 

Dcvolop a basclino mOdQl of the long-term conditions of D geologic wasto ropository, Tho MDA G 
bnsolino risk Ossossmont (la., PACA expandod to include all contaminent sourcos) will SQNQ 
this function (LANL 19967 63131), 
DOVQ~OP a FEP list lor fho MOA undor considerution, using a gcncrjc in!ornetlonal FEP as a point 
of roforoncQ (van Dorp et all 1999, 63522, p. 232). 
Scroon the FEP list agolnst tho basolino model. 
Dcvolop o rolotlonal FEP llst specific to tho MDA undor considorntion by ldontlfylng rofntlonshlps 
bOtWUQn FEPs. This rolational FEP llst Is the bask for the concoptunl model. 
Implement the concoptual model using cornputor codes. 

0 

0 

For tho purposos of the MOAS Coro Document, Yeoturos" aro static condltlons (such as Inventory, 
geology, hydrology, and climatc). "Evcnts" and "processes" aro naturally dynamic (such os groundwater 
recharge and orosion), naturally oplsodic (such as stor;n wntor runoff), or tho rcsult of human docisions ' 

(such os land USQ), 

51.1 Basellno Model 

The MDA G PACA, doscribed in detnii in Sectlon 4 4  was performed to domonstrato thG long-term 
(greater than 1000 years) effectivonoss of the oporatlonol cover installed over disposal units (1: that sko. 
In order to ovaluato tho of~ocllvoness of this remedy in mslintnining radiological dosos bolow tho 
performance mo~15ur0s D concoptuol modcl was developed defining tho oxposuro pathways, By dosign, 
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tho MOA G PACA conslden Only rndlologlcal conslltuents, but it can bo adapted to conslder ha=ordous 
constltuonts because the PWCA ovoluatos environmental transport und exposuro pathways that are 
appllcable to both radloactlvo and hazardous chemicals. 

In completing the RFI lor MDA G, the dotailod all-pathwnys modeling conductod for tho MOA G PNCA 
wlll be expandod to estlmato luture cumulatlvo rlsks from all sources and 011 pathwoys to all recoptors, In 
expanding the PNCA Pnnlysls far the purposes ot RCRA risk ossossmont, the followlng will occur, 

Hazardous canstltuents in tho MOA G lnvontory will bo oddod to tho PNCA invontory. 
0 Risk from oxposuro to hazardous constltuonts trunsported away from disposal units ot MDA G will 

bo calculatod. 

This oxponded onolysls (Includlng both htcardous and radloactivo constituents) wlll bo tho basollno risk 
ossessment lor MOA G. It Is onticlpatod thot the rosults af this risk asscsssment will lead to D 
recommondotlon for a StrQWdlndd CMS for MOA G. Tho CMS lor MDA G will use the basellne risk 
ossassmont to support a rocomrnondotlon of copping as the fino1 romody for tho slto, with a long4em 
monltoring plan to onsuro offectlvonoss. Upon approval of tho MDA G CMS this remedlol alternative will 
bo evaluotcd as port of tho CMS and may become tho prosumptlvo remedy for other MOAS. That 
evoluatlon will be cnrrled out in D mothodlcaI fashion uslng the quontltotlvo declslon analysls descrlbed In 
Soctlon 6 of this documsnt, MDA G Is proposod os tho standord for evnluotlng other MDAs for two 
reasons, Flnt, onvlronmentof and loclllty condltlons at MDA G art? wotl chotactedzed and am llkely to 
roprosent a consorvativo concoptual slto model thGt will bound risks posod by most other MDAs, Second, 
the slgnlficsnt lnvostmvnt In dotailed risk modollng has already been modo for tho MDA G PAICA, and 
tho analysis has pnssod extonsivo lechnlcal and regulatory revfew, 

Tho MOA G PNCA forms 0 preliminary basis for undcrstandlng the potontially important charilcterlstlcS of 
on MDA, whlch can ba summarkad tor ooch onvironmantal transport pathways included In the modol, 

Far the groundwater pathway 

e total Inventory of non=sorbfng, long-llvod radionuclldos (a loorum) - wastO form (a feature) 
0 infiltratlon fato through the disposal unlz (a process) 

porcolatlon rate of leachate through the vadoso zone (a procoss) 
0 factors offecting dllutlon In tho reglonol oquifor (processes and evonts) 
0 USOS of lmpocted wutor supply (ovents) 

' For the air pathway 

0 anlrnal burrow depth (an ovent) 
wasto form (a leature) 
total actlnldo inventory and concontrotion (a foaturo and an evont) 
eflect ol canyons channeling (a procoss) 
rosourco and land uso In lmpactod moa (ovonts) 

For tho surface wator pathway 

anlrnal burrow depth (an event) 
wasto form (a process) 

e total actlnide Inventory and concentration (a feoturo and an ovont) 
sodlrnont transport chnroctoristlcs (features and processes) 
rusource and land us0 In impactad area (ovents) 
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5,1.2 Generic FEP Llst 

An FEP llst is a way to subdlvido a complex system (in this case, an MOA) into its compononts (such n5 
inventory and hydrology), which aro more oaslly onalyzod, both conceptually and analytically (Wcttkins et 
al. 1999,63523, p. 358). Gonorally a procoss Is used to rolato lcoturos and evonts to each othor. For 
oxamplo, thrco imponant features ol o conceptual model lor an MDA could bo the MOA inventory, the 
vadose zone, and the regional supply aquller. The procossos by which those foQturos Pro connocted 08 n 
systom include leochato production and vadoso zonc transport, 

The generic FEP list shown horC is cross-rcfcroncod to information summorizod in provious SCCtionS of 
this document. 

features 
MOA type, Soction 2 (o,g., Toble 2.1-7) 
lnventoty chnractoristlcs, Soctlon 2 (o.g., Tnblo 2.1-1) 
Static noturot setting, Sectlon 3 (o.g., Tnblos 3#1-1) 

Evonts and Proccssos 

- Dynamic naturd sottlng, Soctlon 3 (o.g., Tnblo 3.3.1) 
Mansmado settlng and Impacts, Sectlon 3 
Rosourco and land uso, Soalon 3 (o,g., Tablo 3.5-1) 

5.7.3 Rolatlonal FEP Lists 

A rolatlonal FEP list Is a woy la roconstruct tho onvironmon:ol lato and transport systom that has boon 
doconstructod In ClcvolOping tho FEP IIst. Tho relational FEP list connect tho looturos of tho loto and 
transpon systom through ovonts and procossoo, Tho BIOMOVS II working group rocommends vnrlous 
mothodv !or dovClOplng rolotional FEP IIsts (van Dorp at al, 1999,63522). Tho mothod used horo Is cnllod 
the revurso merhod, which has boon most often applied. In the rcvcrsc mothod, an MDA's FEP Is comparod 
to MOA G's FEP to idontlly rolatlonships botwoon them that might affect the poriormanco of tho MDA. 

Tho rolatlonol FEP llst I:, usad to catogorizo FEPs in one of throo catogorlos: 

- 
poorly undontood. 

domonstrnted or judged to havo significant Impact 
demonstrated or judgod to have insignlflcant impact 

5.2 Dccislon Rules 

52.1 Appllcatlon 

The biosphoro modollng methodology con bo applied to MDA concoptunl model dovolopmcnt by uslng Q 
generic FEP llst onU a revorso approach in which :he llst of rclovnnt FEPs is mapped ngainst the 
conceptual modo1 devolopod for MDA G. 

Ciospnero rnodellng includos inherent banoflts such 8s: - 
- 

tho resultant audlt trail and documontotion that lacilltntos the dotailod Oxamination of all stops In o 
site-specific assessment 
tho reduction of ditforoncos in slto-spoclfic models and hoip iden:ifylng a better understanding of 
tho ditforoncos 
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The methodology requires the justlficatlon of all aspects ol the mOdQl structuro and oppllcntion lo DSSQSS 
all sourcos of uncertainty. Using a Standardzed mothodology reduces the UnrQSOlVOd dftterences fhot 
occur botweon ditforont models, A koy recommondntlon Is that slto=speclllc assessmonts should not be 
undortaken by one indlviduol using only one model but should be a multidlsclpllnory afforl wlth dlffQI'Qnt 
npproachos nnd tt3ChnlqUQS usod to C O n f h  reSU113. 

Ettoctlvoly documenting the audit trail and assosslng tho sources ot uncennlnry will support the 
dolemindon whether the presumptivo romedy will Ppply, 



6.0 RFI APPROACH 

The purposo of the Rosourco Contowotlon and Rocovory A d  facillty invcstigatlon (RFI) Is to ovnluato 
rlska to human and acological receptors posod by contaminnllon In tho onvlronment. When so worrnntod 
It wlI1 Identify and (In tho cas0 of intorim measures [IMs], voluntary correctlve nctlons [VCAsJ, or voluntary 
correcflvo moosum [VCMs]) implement actions to minimlze thoso risks. Factors that contribute to risk 
from an motorial disposal aro (MDA) ore the followlng: 

typo and amount 01 toxic chemicals (Including radlonuclldos) In the inventory 
cancentratlons of those chemicals in onvironmontal media 
duration, frequoncy, and lntonslty of oxposuro of a roecptor to chemicals in onvironmontol media 
toxicological or radiologlcnl el-iocts that a chemical has on the rocoptor 

tmmlnent risk 01 MDAs can bc dcterminod by presentday nature m d  extent data, but potential future rlsk 
can only be extrapolated by using lare and transport modoling to calculate futuro natura and extont. 
Prosont-day rlsk associated with MOAS Is low because contamlnants are inaccessiblo 10 rocoptare. 
Howovor, futuro risk may b0 groator duo to the abundanca 01 porslslont, toxic contamlnants and thoir 
po!ontlal mobilltatlon. Tho comploxity in tho RFI assodsrn~nt nccounts for tho potentlal tor contnminants 
in the geosphoru (whore they present llttlo or no risk) to bo transportod into tho blosphoro (whore they 
potentially prosont slgnlflcant risk). The npproach to complotlng tho RFI procoss for MDAs takos thQir 
CharactCilstic comploxity into account, ns doscribod In this SoCtlOn, 

6.1 Declslon Framework 

Declsion anolysls is tho basis for cornplcting corrective actions ond RFls for MDAs. Declslon analysls 
intogratos docision definition and dccision-making lools," which aro appllod to docision moklng and 
uncertainty resolution. Doclsions aro dcflnod bolore data or0 assossod so that data are assessad 
oppropriotoly. Decisions In tho RFI nevd to be mado regarding tho fallowing quostions: 

IS contaminatlon prosent in the biosphere now? (naturo and Cxtonl dellnoatlon) 
If contamination 13 present in tho biosphero now, do concentrotions oxcuod risk or regulatory 
throsfiolds currently? (scroonlng assessmont) 
I f  contamlnntion In the biosphere oxceods rlsk or regulatory throsholds currontly, whnt Is tho 
optimal mean5 of roducing tho risk and ochloving compllnnco? (IM, VCA, VCM plan) 
Is contominotion likaly to bo transportod by onvironmontal procossos into tho blosphero In tho 
future'? (conceptual stto modo1 dovolopment) 
If contamlnotion 1s likely to be transporfcd into tho biosphoro, or0 concontrntlons likoly to oxcood 
risk or rogulafory throsholds in tho futuro? (fato, transpoR, and oxposuro modoling) 
If In rho Uuro contamination is transportod into tho brosphoro wlll It oxcood rlsk or rogulatary 
throsholds? What or0 tho nltornativos for roducing futuro risk and onsuring compllnnco'? 
(corroctlvo moasuros study [CMSJ plan) 

Decision rulos ensure that each decision In tho anatytlcol framework Is made canfidontly (Figuro 1,l.l is 
rcpocrlod horo os Figure 6,7 -1 for dlroct roloronco). 

0 - 
0 

Declslon rules are built around action lovols, and spocily uncortointics that oro elthor accoptablo Or 
unaccoptablo in data usad to support P docision, Exnrnplos ol action Iovols InClUdQ scroonlng action 
levols (SALS), background values (BVs), and minimum concentratlon limits. Exnmplcs of decision rulos 
lncludo standard doviotlon, upper COnfidOncQ interval, and upper tolerance lovol (UTL). Togother, these 
particular action levels and decision rulos arc USOd to assess analytical laboratory rosults (and inherent 
uncortaintlos) in the Contoxt of immlnont risk, 
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Flgure 6.14. General framowork of the doclslon logic for strcornllntng the cortectlve actlon 
process for Los Alnmos Natlonal laboratory MOA# 

63 Declslon Rules 

, Docislon rutus are usod to nssoss the adequocy and sutflcloncy of both analytical datn and modallng 
rcsults (and inhoront uncortaintlos) to confidontfy ovaluato iuturo risks. Thore will be no action taken on 
an MDA if It has on acceptablo cumulotivo futuro risk, taklng Into account the concentrations of all 
contaminants In all onvlronmental media that hove a potentinl to Impact o common roccoptor. Doclslon 
mles allow for high uncortnlnty in dnra and/or modellng results where projected future rlsk 1s tot babw the 
actlon loval, but roqulre lower unconolnty whore projoctud future risk Is near the actlon lovel. Sensltlvity 
and uncertainty anolyses will bo portormod on the basolino modo1 (MOA G) to deVQlOp declsion rulos 
regarding tho adequacy and sutficiency of datn usod to dovrjlop rolatlonal fetlturos, evonts, and 
procosses (FEPs) foreach MOA. 
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Tho baselinc modol is subjoct to errors because of uncuminties In tho gonoric FEP list usud to dovolop 
tho concoptud model, unconaintics in mathematical gffosphore and biosphere modols, and uncertaintlos 
in datn usod to implcmont those models. Tho scnsltivlty of the projected risk (tho octlon throshold) to 
thoso uncorlolnllos will be tho basis of docision rules. Onco these declsion rulcs or0 dovelopod around 
tho baseline modo! FEPs, thcy will be usod 10 cxnminc tho effect ol uncofialnrlos In tho rolotionol FEPs 
dovoloped lor othor MDAs. 

Two altornatlve approaches will bo considered us tools for scnsiflvify and uncertainty analysos. Both will 
bo used to devolop declsion rules for tho bnS~lln@ model. Tho approach used to examlne the oftocts of 
unccrtalrltlos Information from ofhor MOAS will dopond, in pan, upon tho magnitude 01 tho rlsk posod by 
tho MDAs being evaluated. If tho risk posed by a given site is expected 10 be small, n dotormlnlstic, or 
bounding, approach to Ovaluating the impacts of unconointy may be opproprlato. In thls opproach, the 
assumptlons and dala used to model a site aro chosen consorvotlvofy to yield projocted risks thnt can 
reasonably De expccted to bound actual risks at the MOA. The rosult Is on ovOrStotomcnt of tho impact of 
the nssociatod uncenolntlos, providlng confidence that tho MDA will perform at loost as well as projected. 

The dctorministlc approach to unccnolnty analysis is best applied 10 slfos that pos0 llttlo rlsk to human 
health and tho onvironment. This Is bocauso thcso oitos will still be cnpoblo of complylng wlth regulatory 
requirements despllo the fact that the risks are ovorstatod, Uncortolntios associarod wilh sites posing 
potontially signilicant risks will nood to bo cvaluatod using more sophistlcolod techniques. In recognltlon 
of this, probabilistlc anatysos will bo usod to ovaluoto the impact of unconnintlos at S O ~ O  of tho MDAs, 

Probabillstic uncortointy analysis Is generally used to uddress uncenaintlos inhoront In the  model-Input 
paromolers. Distributions doscribing fhe varlabillty of tho parornotors aro dovulopod lor model QndpolntS 
such os contaminant COnContrOtions or risks. Theso modol ondpoint dislrlbutions can thon bo usod to 
OstlmatO the probabiilties of tho MDA cxcouding poElnent regulatory crltoria. T h o  probobilistlc analysis 
provides a more complo:o understanding ol the octunl uncortaintlos inherent in tho modeling compared to 
the deterministic approach. However, such nnalysos gonerally require oxtonsive h l O m t l O n  obout tho 
site, Depending upon how thoy aro implomontod, probabilistic analyses may cost Considerably mom to 
conduct. 

A3 indicated in Figure 6.1-1, data are noodod at scvoral stops in the MDAs Core dOCUmGnt dcclsion 
framework. Information may be neudod to suppoR RFI docisions about nature and oxtent of 
contaminnilon, scloction of appropriate rcmedial optlons within the contoXt ol tho CMS, and tho 
cstabllshmont and oporotlon 01 lang4erm monltoring systorns. Bacnuso dota should bo colloctod only il 
tho Information will slgnilicantly reducc tho uncortainty In the docisions to bo made (e,g., docisions about 
presont-day or futuro rlsks, approprlote rornodlal options, and rnonltoring SystOm configurotlons), a 
value-ol-information analysts should bo conducted. 

Probnbllistlc uncertainty analysis, in conjunction with informa:ion about modo1 sensitlvitlos to parameter 
variations, provides Insight info tho impedance of perornotcrs rolativo to the declslons bohg mode, As 
such, thoy lond themsolvos to vnlue.of-informa?lon onatysls. Dotormlnlslic analyses of uncortolnty provldo 
little Inlormation on tho rolative lmponanca of paramoterr;, limiting attempts 10 eslablish the valuo of 
collocting specllic dota, I f  a dctorrninistic unconainty onalyals was perlormed lor II site that oxceods 
regulatory throsholds, conslderallon should bo given to tho comparative costs of conducting n 
probabilistic anolysis and taking action at tho sltc, 

6.3 Contaminant Naturc and Extent Delineation 

When compluting an RFI lor an MDA, tho nature and cxtont oi contaminants In accosslble onvlronmontal 
modia are measured by sampling and analyzing lor decreasing conccntralim tronds, and comparing 
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analytical results agoinst appllcable chomlcal BVs, In general, this appllos to ambient air, ourlaeo soll, and 
noar-subsurface soil, alluvlum, and sodlment givan that tho majorlry of MDA inventory is below ground 
and Inaccessible. 

Tho nature of inoccesslble, hotorogoneous MDA inventorles Is estimated or boundod using a balance ot 
data and modoling, Models ora usod to evaluate the adoquocy and sufkiency 01 OXlSthg /nvantory data 

' 10 confidontly ovaluote potentlal fisk, and to ldontlly data gaps whero dot3 or0 lnodequate to confidently 
assess risk. Tho oxtent of potentlal.contamlnation wlthln lnaccossiblo modia wlll be, In genonl, boundod 
by sampllng ond onalyzlng geologic medln outsldo of the dlsposrrl unit boundnrlos, ensuring that 
contaminant concontmtlons thoro ilro either ot BVs or below rlsk~signlflcant thresholds. 

MDA RFI sompfos will be  collected In aceordonco with thu most rocont rovlsions of ER Project standard 
opomtlng procedures. Analyte Ilsts, ostlmoted quantltntlon Ilmlts, roqulred qusllty control pmodurss, and 
the acceptance criterla or0 found In the 1995 ER Projoct analytlcnl sorvlces stntement of work (UNL 
1995,49738) or the verslon that Is current whan the RFI is Implemented. ' 

6.4 Screening Evaluation 

Soureos for doto to be used In tho RFI Include not only analytical rosults from ER field campaigns, but 
also survellloncs,' monltorlng, and sito choracter'uatlon data from tho tollowlng: 

EES-1 (geology and hydrology) 
0 ESH47 (regional alr) 
0 ESH-18 (surlaee water, surlaee SedimQnt, Intormodloto and ragionol ocjulfer groundwater) 

ESH-20 (ccology) 

These data aro used to tho relatlonnl FEP llst (whlch forms tho bnsls of the conceptunl slto exposun, 
model, as dlscussod In Soctlon 5 of this documant). Tho RFI process roqulros tho ovaluotlon of condltlons 
at on MDA that pose an immodlate risk to human heolth and tho onvlronmont. For accesslble 
contomlnnied modla, screonlng ovaluotlons aro pertormed oHer contaminant notum nnd oxtont havo 
beon dellnented. Figure 6.4-1 shows tho doclslon frnmowork for thls step In the RFI for M D k ,  

Exlstlng screening methods will bo used to Identify contaminants of concern In thQ contoxt of human and 
ecological risk (LAN1 7996,55570; Rytj et nl, 1999,63303). 

When dvnluatlng conditions at an MDA In tho contaxt of prosontday rtsk, It ts also important 10 consider 
facton that may exoc€+r&oto futuro risk, The ER Project has procoduros for ovoluntlng Imminent prosont- 
day rlsks. If presont-day rlsks or the potontlol lor exacorbatlng futuro rlsks prove to be unOCCQptoblQ, It 
may k necessary to lnltiate slto stabllizatlon. Tho rationole for sltQ stoblllratlon is provided in the 
Environmontal Prolectlon Agency's (EPA's) stabititation InItlRtivo. 

The goal of tho Stablllzatlon lnitlntlvo Is to lncroaso tho rate of corroctlve actions by locuslng on 
near-tom octlvltfos to control or obato threats to human health and the envlronment and prdvont 
or mlnlmlze tho further SprQOd of contamlnatlon. , , . ContrOlllng exposuros or tho migration of a 
rolonse may stabllko a faclllty, but does not necossarlly mean that a fodllty is complotoly clooned 
up, At soma stnbfllzed lucllitlss, contamlmtlon io stlll present and addltlonal lnvestlgatlons or 
remediatlon may be roquired. , . , Stabllltotlon activities should be a component of, or at loust 
consistent wlth, flnnl remedies," 
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Figure 6,161. lnltlal data rovlcw and screening In tho RFI procass 

Stabilization of a slte may bo nocessary if, for oxamplo, contominant concentrations in surlaca sol1 pose 
imrnlnen! throat to porsans working in or othorwiso accossing tho aroa. Altornotlvoly, stabillrotlon may be 
required I f  conditions of an MDA have a potontlal for lncronsing roto3 of contaminant roleaso and 
onvlronmental transport in tho luturo. An mcuralo ovaluatlon at conditions such as thaso roqulres an 
undurstandlng of sit0 processes, Tho concoptunl modol doscrlbod through tho rolatlonnl FEP list (so0 
Section 5 of this dCCunIQnt) will be usod to dotormino tho noed lor stnblllzotlon on the basis of future 
contominant tronspon potontial. Rognrdless of the couoo for a stabllizntion oction, act)vitios will be 
conductod In u mannor that is consistont with the llkoly final romody. 

6.5 

It is tho iniont of the MOA focus arm to uso tho fato ond transpon modoling conductod for MDA G PACA 
(described In Soctlon 4.4 of thls dOCurnont) to assess futuro risks pored by tho Los Alomos Natlonnl 
Lnborarory MDAs, without having to directty modol onch MDA, A quantltatlvo doclsion onalyslv approach 
provides such offlcloncios in tho risk-assossmcnt procnss without compromlslng tho crodibllity of that 
procoss, Tho declsion fromcwork, shown In Flgura 6.5-1 , oliows lor comparisons of contaminant transport 
pathways, as wolf as oxffapolations of potontial future risk by ovaluatlng MDA=spociflc data in the context 
of data and modoting from MOA G. 

Evaluating potential futuro humon or ecological risks associated with a glvon MOA Is fundamentally 
dltlsront than estimating prosont-doy risks. Unllko thc cvnluatlon of prcsont-day risks, futuro risks cannot 
bo dotarminod In real timo, uslng current condltlons as on jndicator, Insteod, foto ond trnnsport models 
am usod to ostimnte potentla1 retos of contamlnant reloaso and transport from tha dlsposal foclllty and 
any subsoquont Impacts on humon honlth and tho anvlronmont. Projoctod risks to humans and tho 
onvlronmcnt aro cornparod to roguhtory risk critorla: the results of tho compnrison wlll be In the corroctlvo 
action procoos to idontlty off octlvo romodlatlon strateglos. 

Fate and transport Modollng and Future Rlsk Assessment 
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The docision analysls uses quantltatlvo dQClSlOn rulcs, lormulatod through tho €PA data quallty objoctlve 
process and sonsitlvlty and uncortnlnty onnlysos, to ovaluato data from on MOA to determine tho 
lollowlng: 

e the opplicnblllty of the boSQlln0 concoptuol modo1 !or MDAs, considering each 
contomlnantnransporVroceptot pnthwny lndlvidually by dovcloplng u rolatlonal FEP list 
the adequacy of slto=spocltk data to COnfldwItly extropolnto potontinl futum risk at tho MDA In 
quastlon uslng tho MDA G analysis - Evrluats MDA Dah 

A Insuttlclsnl Dam 

lnsunldsnt Data 
c 4 

MOA 0 Roaulli 
Collrct N.6d.d Dala 

ScoloMDAQ 
Results 

c 

DOWIOD CMS Pbn Mainlain 6 Monllw 

Flgure 6 5 7 .  Declslon framework for expedlted corrcctlve actlons at MDAs 
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In summary, for assessments of future risk supponing the RFl for MDAs aro tho following: 

Fato and transport models will be used, directly or indirectly (Lo,, scalod), lo project contominant 
extent as a function of timo in surioce soils, surlaco watur, groundwater, and air, ovor a period of 
several thousand years, 
Calculatod contaminant concentrations will be usod to BSSOSS risk 10 human and ocolog~col 
receptors using standard exposuro scenarios os a point of doparturo; tailored oxposure scenarios 
will be evaluated If site-specific information supports them. 
Basollno risk assossmcnts will bo performed undor tho "no acrlon" assumption (la., current 
conditions) to dotcrmlnc the nocd to ev~~luato correctivo mcasuros. 
If rosults of thQ rlsk itssessmont confldontly suggest on unocccptablu risk, then a roasscssmont 
wlll be conducted to ovnluato the presumptivo romody. 
I I risk assessments confidently indicato low risk. then no additional or minimal "landscope' actlons 
will bo proposed. 
Models wlll be used to ldentlty the source term(s), tronspon pothwtly(s), and oxposuro route@) 
contributing most signiflcontly to tho culculatod risk. 
For MDAs containing multiple disposal units, modols wlll bo used io differcnilato untto bosod on 
their rclatlvo contrlbutlon to total risk. 

This process or approach will result in uithar. (1) 0. prosumod romodial alternntlve (focusod CMS or 
perhaps succcssiul nogotiatlons wlth tho Ncw Moxico Envlronmont Oopanment resulting in a docision to 
procoed directly to corrective mmsuros lmplomontatlon [CMI]) or (2) tho nood for tho callaction of 
irddltional slto data (Phoso I1 RFI). Tho outcome doponds on silo opoclflc condltlons and tho quollty and 
quantlty of tho inlormatlan about tho subjoct MOA, tho cornparabllity bctwocn that MDA and MDA G, and 
tho risk projscod for tho MOA. 

6.6 Focuscd Phase I t  RFI 

WQ will be implomont the lOllOWlng approach: 

0 

0 

8oroholo locotion and number will be optimizod using modols to calculnto tho maximum oxlent of 
contaminant migration bosod on sito-spoclfic conditions. 
Boreholes wlll bo drillcd to bound tho oxtent of contaminiltion. 
Goophysics wlll be uscd to ensuro that borehalos will not intarcopt dlsposal Unit&, 
Direclionally drilled horizontal boroholos and/or angllsd boroholos will bo drlllsd to moxlmlrG tho 
cavorago beneath Pn MDA, where appropflate, 
Coro, cuttings, and moisture-protoctod Cora camplos may bo collected. 
Most analytlcnl suitos wlll contain analysas for conlaminants of concorn, molsture Contonl, and 
vtlrious hydrologic proponles ( a g . ,  bulk donsity, Saturafea hydraL1llc conductivity); othbr dnta wlll 
be gathered to porlorm nnalysos such as molsturo retontlon curvos and analyses for stablo 
isotopes may bo conducted. 

For MDAs whoso Inventory Is hetorogonoous solid materials, charactorlzatlan of the naturo of 
contnminotion will no! bo accomplished through direct sampling within 4 disposal unit, since 
reprosmtativo oamplos cannot bo ossurod and invasrvc sampling would llkoly poso an unoccoptablo 
throat to sit0 workom and tho publlc. Coring wlthln tho boundary of on MDA disposal unit mop be 
eonslderad if that MOA wu5 used lor Ulsposnl of liquld constltuonts, 
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7.0 MATERIAL DISPOSAL AREA CORRECTIVE MEASURES PROCESS 

Tho purpose 01 lhc Rosourco Consorvalion nnd Rccovoy Act (RCRA) faclliry invcstlgallon (RFI) Is 10 
dofino the natura and oxfont of contaminnnl roloasos, The RFI will result In olthor a recommondallon tor 
no funhor nction or u rocommendation 10 proceed 10 the correclivo momuros study (CMS)/corractlva 
measuros Implomenlotion (CMI) phosos of tho RCRA corroctive octlon procoss. Bnsod on the rosults of 
thu RFI, tho CMS will ovalualo altornativo corroctlvo mcnsuros and ldontity the optimal ono basod in part 
on protcctlvcnoss, prOC!lCallty, accoptabillly, and coot. Based on tho rosults of the CMS, the CMI 
establlshes how the sotccted carrcctive moasure will be COmplQtOd. The rocomrnendntlon 10 procoed to 
CMSlCMl is typically, but not nlways, basod on the results of tho RFI Indicating 0 excoedonco of SomO 
pro-aslabtinhod ocllon IoveI, The acllon lovol proposod for motorial disposal nroa (MDAs) is unoccoptablc 
risk, wlth tho risk threshold being determined jointly by Environmenlol Rcstorollon (ER) Projcct manngors, 
our Dopartmont 01 Enorgy (DOE) counlerpads, rogulotors, ond olhur stnkcholdors who tallow guidollnes 
ostablishod by tha Environmontnl Protoctlon Agency (EPA). 

This Chapter 01 this rapoft supplements, but doos no1 supplont, tho basic requlromonts of tho lrndltlond 
CMSICMI approach Oulllnod In the Hazardous and Solid Wns!o Amondmonts o! 1984 (HSWA) Modulo of 
the Los Alamos National Laboratory's ( rho Loboraloty's) RCRA pcrmlt. Thls chaptor Is specillc 10 RCRA 
corroctivo mOasuros for MDAs, and does not oddross omorgency rcsponso actlons, voluntary corroctivo 
actions, or bost rnanagarnont practices undenakon os normal "housokocplng" by the ER Pto~ecl. 

Tho lrclditional RFIICMSICMt procoss Is summarked bolow, 0s Q point of dopnnuro for six nltornato 
stmtcgios that tho ER Project anlicipatcs based on lho approoch doscribed In Choplors 3, 4, and 5 01 thls 
dacumont. Whilo this chapter doscrlbos an approach to carrocrivo moasuro planning and Irnplomontallon, 
the ER Projoct rocognizos that oach MDA is unlquo and lhal tho linal corroctivu octlons lor MDA wlll be 
dCVQlOped jointly with DOE and Now Moxico Environrncnt Department (NMED). In addltlon, the schedule 
lor lmplomonting corroclive actions at MOAS wit1 bo consistent with fho ER Project's integrntod tochnical 
strafegy. 

7.1 

The tradltlonal stralogy includes tho eompletlon of tho RFt process in accordance with tho requiromonts 
oullinod in tho WSWA modulo of tho ACRA pormlt, as woll as tho annolnted outlines and ropon formats 
agroed upon with NMED and DOE. Tho assumption In this stralogy Is lhal tho RFI roport rocommands 
CMSlCMl for the silo. To simplify the regulatory and technical procoss, Subpart S oduocates limiting tho 
CMS to roallstic options: "Tho CMS doos no1 necossorlly have to addross all polontial romec!los lor every 
corroctlvc nction, EPA advisos program irnplomonlors and tacillty ownor3/opcrntors lo focus corroctlvo 
mea sur^'^ studies on rcnlisllc rerncclios and Io tallor the scope and substance ol studlos lo tho oxlont, 
nature and cornplcxity of releases and cantaminatlon 01 any given lacllity. For oxampla, some polontlol 
rorncdies should not bo conslderod beccluso thoy arc simply Implausible," 

Tho CMS consists 01 six otagos: Idcnlificnllon, scrooning, dcvolopmont, ovaluatlon justificallon, nnd 
recommendation, Tho scope and substance of the study should be tailored to 111 the cornploxlly 01 the 
situation. Bnsod on RFI conclusions nnd CMS objectives, the Laboratory will idenllfy, scrcon, and dcvolop 
all roosonablo altornatives tor romoval, containment, andlor trontmont. The Laboratory wlll us0 standard 
cnglneoring practicos to dctarmino which ollornatlvos appear most suitablo lor tho 3110, Tochnologlos can 
be combinad to form tho overall corr0c:ivo action allornntivas. Tho idontificd allernatives aro then 
screcnod 10 oliminate thoso that may not provo fonsible to implomont, am unlikely to porform 
satisfactorily, or do not achiovo corrective nction objoctivo(s) within a roasonable time period. This 
screoning focusos on silo, w a s t ~ ,  and technology charoctorisllcs, Tho romaining alternatlvos or0 further 
dovoloped which may Include lobornlory or bench-scnlo tcsling for new technologi@s. 

Tradltlonal Strategy: RFI + CMS .3 CMI 
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Each altomotlvo that possed the inltlnl scroening is evaluated against tochnlcal, environmontal, human 
hoolth, and lnstltutlonal concorns. The f irst phose of ovoluatlon consists 01 tho followlng throshold crl teria: 
(1) protecting overall human hoalth and tho onvlronmont (2) attalnment of rnedla cloanup standards 
(3) controlled source(s) of roloases and (4) complionco wlth standards for management of w~stos. The 
rernodlos that meet tho throshold critorlcr aro thon iunhor ovoluatod using various balancing cri:orla to 
ldontlfy the rcmody that provldos tho best rQlatlvo combinatlon of ottrlbutos. Tho flvo balancing crtturia 
are: (1) long-torm relloblllty and etfoctivonoss (2) reduction of toxlclty, mobility or volume of wostos 
(3) short-ton eff ectlvonoss (4) lmplemontability and (5) cost. The dotollad ovaluatlon will result In a 
decision on the proforred rernedlnl nltornativo, The Laboratory will justlly and recommend & corroctiva 
measuro oltornatlvo based on tho abovo crltoria and document It In the CMS report, 

Aftornatlvos should bo protectlvo of human hoolth and tho onvlronmont, and molntaln profection over 
.tImo. In meotlng thls romodlol goal, EPA has loarnod that cortaln cornbinatlons of slto=spoclfle conditions 
can bo addrossed by simllat npproachos. Those approachas include the following: 

e 

* 

The us0 of trealmant to address ptlnClpOl thrmts posod by a slto whonovor practlcablQ and cost- 
otlectivo, bias for treatment," 
Dlrectly troating the prlnclpal throats (Lo,, contarnlnonts) at a sit0 whonover It Is practicable and 
cost=otlect lve 
Using onginoorlng controls (such as containment) on contaminotod mcdla (for which troatment Is 
lmpractlcabfe) that a n  be rellnbly contalnod whllo posing rolntlvely low long-term threats 
Using a comblnatlon of tochnologios, as approprlate to nchlovo protw3ion of humen health and 
tho onvlronmont 
Using instltutionol controls such as land use restrictions to supplomclnt englnoorlng controls ns 
appropriate for short= and long=term monclgemont 
Using innovative technology when such tQChnOlOgy offers the potontlal for suporlor portononce 
or implementnblllty or lowor costs 
Roturning usablo groundwators to thok muxlmum boneflcial usos wherovor practlcablo 
Romodlating contaminated Soils as necessary to provent or limlt direct exposuro of human and 
onvlronmontnl recoptors and to provont tho transfor 01 contaminants 10 OthQr modia 

. 

Tho ER Project anticlpatos that tho tradltlonal CMS approach of ovaluotlng a numbor of romodlol 
oltornotlvos lor MDA sltos would Only be apprcpriato in Q Ilrnltod numbor of situntlons includlng the 
followlng: 

The first CMS to be porformod on an MOA slto (probably Technical Aran F A ]  54, Aroa G) 
"High rlsk" sltos which have largo wasto volurnos and associated contamination, ond for which 
sevoral troo tmont tochnologlvs could be oppliod to nchlovo varying dogfees of oflectivoness 
Contaminant problems for which sevoral difforcrnt approaches ore practicable 
Sltos for which innovatlvc tochnologies may be viable 

Ttrblo 7.1-1 identllies MOA sitcs that may bo candidates for tho troditlonal approach to tho corrective 
moasures procoss (e.g., MDAs B, F, G, H, L, T, V, and Y). However, ovdry anempt will be made to 
stroamline tho prwoss, At thls tlrno no forma! nogotiatlons or discussions have boon lnltinted wlth the 
odministratlve authority (A4) and Table 7.1-1 is Just D tool roprosentlng options. 

7 9  Alternate Strategy 1: RFWM 4 CMS 3 CMI 

Alternato strategy 1 Is identical to tho tradltlonol stmtogy wlth the oxcoption that beforo the complotlon of 
tho RFI phaso some typo ol Interim measure (IM) Is idantlfied. This IM will bo implOmQnted to increase 
stability of an unstablo Slte, rQdUCe an immedioto threat to human health or tho envlronmont, provent 
future r6kfOSOS from a slte, or reduco D SOUEQ term at the slte. 



Table 7.1-1 

r I 

Alternate ' Alternf!tg Alternafe AItornste Alternate Alternate CM9CMI 
MDA Tradllfonol 7 2 3 4 5 6 not roqulred 
A x I X X X 0 Mab 
0 X - I c - - I -  nla 

1 I X 

u - 
- I X I I X rJR 

0 X 
~~ ~~ 

C X 

D 
E x 
F '  X - c X - c c n/n 

& G  x L - c L L X n/a 

x - -  1 - I - L - L I - c 

-i 

Potcntlal Corrcctlvo Acllon Approaches for MDA Sites 

l w  I Y 1 - 1 -  - l - l - l x  n/a i 

'Those eltornollvee are not balng CanslOered !or thlr MDA. 

This strategy appoars to be mom onerous than tho rrauitlonnl opprooch. Howover, it Is based on the 
Suporfundiccoloratod cleanup modo1 (SACM) guldnnco publlshed by tho EPA, Offico of Solid Wosto and 
Emergency Responso (EPA 1992,63529). Tho basis of SACM Is an opprooch that fostorr; lmmodiato - -  
action at a silo nt tho samo tlmo that studios or0 boing eonductod. Tho AA in C0n)Jncth with DOE nnd 
tho Laboratory wlll d d d O  whothor a slto roquiros early ncrion, long-torm action, or I] combination of both. 
In this stratogy any Qarly actions roquircd to correct immwJinto probroms at n slto wlll be Imptamanted 
whilo tho sit0 is undor invostigatlon, Idaolly, this slrstogy should take no longor than tho traditional 
motnod becauso you aro porlormlng the IM during thQ RFI phnso. 
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Table 7,l-1 identities MDA sltos that may be candidates for this altomath approach to the corredlve 
me~suros process (o.g., MOA A8). At thls time, tho Laboratory has not ldontlfled addltlonot MOAS tor 
whlch oarly actions aro needed. 

'1.3 Alternate Strategy 2: RFI I )  IM CMS + CMI 

Altornote stratogy 2 Is ldentlcal to tho trndltlonal strategy with tho oxcoptlon !hot upon complotlon of the 
RFI phase 0n IM Is identilled and Implementad bslore moving to tho CMS phoso, 

Toble ?.14 idontllios MDA sltos that moy be candfdatos lor this alternatlvo approach to tho cormctlvo 
measuros process (e,g,, MOA T), Tho RFI for thls slto Is ongoing ond thoro Is a posslbllity that there could 
bo Q recommendation for an intorlm action befont the flnal action, 

7.4 

Aftemata stratogy 3 Is ldentlcnl to tho trodttlonal strategy with tho excoptlon of using a stroarnllned CMS 
approach. In koaping wlth tho goals of this document, the ER Projoct antlclpates thot there wlll be sltos for 
which tho Implementing agoncy wlll alfow b strsamllnod approach to romody seloctlon, onobllng the slfe 
to m o v ~  from RF1 to CMI more rapidly. "his soctlon doscrlbos tho stroamlined CMS process lor MOAS 
shown to havo an unoccoptoble futuro risk, 

In cnsm whore €PA has ldentlflod a prosumptlvo romody, tho purposo of tho CMS wlll bo to confinn that 
!ha presumptlve romody is appropriate to sltu=spclflc conditions. The EPA's pntsumptlve rornody 
approach Is a koy oloment a! the strearnllned CMS procoss. Presumptlve remedlos or0 protorml 
remedial tochnologias for common carogorlss of sites. 'Thoso romadlos are typlcslly based on hlstodc 
pnttorns of romody solecflon and on sciontlflc and onglnoorlng ovaluatlon of porlormaneo data on 
technology implomentotion. Prosumpllve romodlas should bo used to focus the RFI, slmpllfy evaluation of 
allornatives In the CMS, and lnlluenco remody solocflon in tho CMI. Thls process Is expocted to ensum 
the consisfont solectlon 01 remedial clctlons and roduco cost and tlmo roqulrod to clonnup slmllar ellos. 

Alternate Strategy 3: RFI 3 Straamllned CMS + CMI 

The Laboratory proposoa to us0 prosumptlvo romodlos at certoln sltos (0.g.. landfllls), 80 long os site 
specific condltions indicate that a prosumptlvo rorncdy Is approprioto. Tho prosumptlvo ramcldy process 
wlll, to the extont posslble, rely on oxlstlng data, use P stroarnllnod risk assessment approach, and 
Incorporate a focused CMS that only onalyzos tho approprlato componants o! the prosumptlve tomody 
orid the noactlon altarnotlvo. Tho assumptfon of this COrQ document Is that capplng and monltorlng wlll 
be solocted os the proforred altomntlvo resultlng from the stroarnllned CMS procoss using the 
prosumpllvo romedy opprooch, Thls ossumption Is basod on tho rosults of tho MDA G ccmposlte 
analysls, and long=torm fleld studlos at tno Laboratory. A doscrlptlon of the genorlc capping and 
monitoring daslgn Is lncludod In Attachment C. 

, The stroamllnod CMS approach will bo rOflQCtQd In 0 decislon by tho lmplomontlng agoncy to evaluato 
only o llmitod numbor ot remadlal oltarnatlves, Tho ER Project clnticlpatas that the stroomlined or hlghly 
tocused approach may bo approprlate In tho lollowlng types of situations: 

'tow risk"slte3 whom onvlronmontal problems nro rolatlvoly small, and ntlouses rqmsont 
mlnlrnal exposure concerns, - Sltes wlth straightforward romodlal solutions. For somo contOmlnatlon problems, standard- 
onglneoring solutions can be applled that have provon effective In similar sltuatlons, This option 
Includes presumptive remodles. 
Sites which can be scaled to TA-54, A m  G for whlch the remedlal alternotlve has olretldy been 
approved. 
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Tablo 7.14 lduntlfies MDA sites that may be candidatos for this altornativo approach to the COrreCtlVO 
rnoasuros procoss (o.g., MDAs A, C, F, T, and Y), 

7.5 Altcrnotc Strntcgy 4: RFI I) CMI 

Altcrnale strategy 4 is tho case Whoro you procood dlroctly from RFI to CMI and do not implomont a 
CMS, In cases whore the Laboratory is using performance standards or D similar approoch to correctlvo 
moasuros, the A4 should not roqulro submission or rrpprovol of ~1 formal CMS plan or Rcport, EPA 
continues to emphasize that it doos not want studios to be undenakcn slmply for the purposo of 
completlng a porcoivod stop In D porcclvod procoss. It is nnticipatod that atter Successful cornplotion of 
tho tradltionai strategy on complox MDA silos that tho AA wlll allow tho Laboratory to proceed diroctly 
from RFI to CMI on less complox MOA sllos whcro tho prosumprlvo remedy approach would be USOd to 
rocommend capping and monltoring, 

Tablo 7,l-1 idonfiflos MDA sltoa thot may be candidates for this ollornotlvc opprooch to tho corroctlvo 
measures procoss (e,&, MDAs A, U, and V). 

7,6 Atlcrnata Strategy 5: RFllCMS 3 CMI 

Atternate strategy 5 is dosignod to intograte tho CMS with tho sit0 charoctorlzation or RFI procoss. In this 
strategy, thc ER Project anticipates that E! fomQdhl nitornotivo is obvious, but not nocossarily a 
prosumptivc romedy or tl remedy that has boon used at tho Laboratory MOA sltes. In this stralogy, thQ 
Laboratory will nogotlotc wlth the AA during the RFI to incorporato thQ nocossaty ploces of the CMS so 
as not to roquirc a soparate study. Tho final ropon rosuttlng from this onon will includo tho rcqulrod 
inlormation from both tho RFI and CMS phasos. 

Tablo 7.1-1 idontifios MDA sit09 that may bo ccrndidatos lor this oltornative approach to tho corroctlvc 
moosures procoss (o.g., MDAs A, U, VI ond AB). 

7.7 Altcrnatc Srralogy 6: RFJ 3 CMS 9 Condltlonal Rcmedy 

Altornatc strategy 6 is idontical to tho tradltionai strutogy wlth the oxcoplion of ushg a conditionaJ remedy. 
Condltlonol romodics ora not fino1 romcdlos because thoy do not nocossarily moot all standards included 
in proposed 40 CFR 264525(a), conditional romedles rnoy bo appropriate for fPCllltles that contain o mix 
of active and inactlve units where it is dllliculf or Impossible to distingulsh Influoncos. Tho ER ProJoct may 
proposc P conditional remody lor such MDA sites provided that tho conditlonnl remody do the following: 

s Protocts human hoaith and tho onvkonmont based on current oxposures 
Achievos consorvotive madia cleanup standards or lcvcls (o.g., maximum concontrrrtlon IOVO~S) 
boyond tho facliity boundary 
Provents furthor slgnlflcant dogradatlon of tho onvironmontal media through troatmont andor 
onginooring methods - Includes ins:ltutlonal or other controls noccssclry to prevent signlficnnt oxposuros (Including dood 
mstrlcrlons) 

0 lncludok continued monitoring to dotarmine whother funhor significant degradation occum 
Complies with standards for managomant of wfistes 

Table 7.1-1 ldentifios MOA sltos that may bo candldaros for this altornaflvo OpprOnCh to the corroctlvo 
moosures process (o.g., MDAs C, G, H, and L), Those MDAs wore idontifiod bccauso they have ongoing 
oporatlons. 
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8.0 REPORTING 

The purposo of tho correctlvo mo8surOs study (CMS) Is to Identity ond evaluate alternntivo corrective 
actions to cleanup contnmlnant raloosos from solld wasto manogoment unlts such as Los Alamos 
National Laborolory's ( the Laboratory's) material dlsposal aroes (MDAs), Glvon that tho MDAs generolly 
contain relatlvaly large volumes of contarnlnnted materlols, the scope and requlrements of the CMS need 
to bQ baloncod wlth the oxpedltious Inltlotion of romedies and timoly rostorotion of contaminated sites. 
The documents roqulrod tor tho CMS aro D CMS plan and CMS flnnl rsport, 

Tho documonts roqulrod lor tho correctivo measures Implomentntlon (CMI) are 0 concoptual design, 
operotlon and rnointonanco (OBM) plan, intormedlato design plans and specilicotlons, flnal dosign plans 
and spoclflcctions, construction work plan, constructlon comptetion ropart. correctlve measuro compiotlon 
report, honlth and safety plan, publlc involvement plan, and prograss reports. If the Loborntory can Justlfy 
to the odmlnistratlvo authority (AA), that n plan ondlor ropon, or porrlons thereof, om not naoded In a 
glvon sltunllon, then the AA may waive that raquirornont. This strategy of stfeornllnlng tho CMI will be 
nogotlated during the plonning of the CMS. 

Each ropon or plan dovelopad during thv correctlve uction procoss ostabllshes the foundotlon for 
subsequent plannlng and documontation. Document revlews PrOVidQ the primary method lor Depanment 
of Energy (DOE) and Now Moxico Environment Departmont (NMED) ovorslght of tho procoss. A3 such, it 
Is Important to plan for the roviow procoss and to f&us the roviows to manage limltad resources and 
optlmfze tho value ol documents. 

8.7 RFI Work Pian 

There are no iuRher Rosourco Conservntlon ond Rocovery Act (RCRA) lncillty invostigntlon (RFI) work 
plans anticipated !or MDA S k i .  

8.2 RFlReport 

RFI reports will follow tho roqulremonts outlinod In the Hazardous and Solid Wosto Amondments of 1984 
(HSWA) modulo of tho RCRA prmlt, as woll ns tho onnotatod outllno and roport lomat agrectd upon wlth 
DOE and NMED. 

8.3 Sampling and Analysis Plans 

Following the annototed sompling and onnlysis plan (SAP) outline the following sections will be prepared 
for ooch potential raloose slto (PRS) or group of PRSs: choractvrlzatlon ond setting, site descrlptlon, 
oporatlonal history, wasto char~ctaristics, lnvostigatory approach, oxlsting data, conceptual model, notum 
and extont of contamination, contamlnant toto and transport, data gaps, sampling octlvitlos, contamlnant 
source, medio charoctorlzatlon, quality assuranca/quailty control, fiold actlvltlos, and project managoment 
8octlOnS. lncludad a0 port of the SAP propnrolron Is tho cornpllatlon of tho raforonce sot library, dota 
tablos In tho NMED ogreod format, and tho ofectronlc dota deliverable, as well ns production (Including 
toblos, figures, and maps) and edltlng of the document. 



a,4 CMS Work plan 

The Environmental Restoration (ER) Project wlll submit n draft CMS plan to the AA whhh 99 calendar 
days from tho nolificotion of the roquiremont to concfuct a CMS, Tho CMS plan will lncludo the following: 

site-specific doscription of the overall purposo of the CMS 
description of tho corrective measure objectlvos, including proposed target modio cloanup 
standards and p in ts  of compllanco or a description of how risk OSSOSSment wilt be preformed 
descripfion al the specilic corroctlwe me8surc tochnologios andlor altemativos which will be 
studied 
descriptlon of the genorol approach to invostlgating and evoluuting potontlat Corrocttvo mOasurOs 
clotailed descripiton of any proposed pilor studies 
proposed outlino for tho CMS Report 
doscription 9f ovorall project management 

Tho requirements of the National Environmontal Policy Act will be integrated into thO RCRA correctlve 
measures process. The CMS plan will bc used to trigger a determination of whether an envlronmontal 
assessment is required, and I t  so, CMS ropons can servo that tunction, In tho went that n full 
onvironmentnl imDact statornmt Is roquired, tho CMS repon S O N O S  as a support documont for that offon. 

8.5 CMSRcport 

The CMS will bo implemented no lator than 15 colendnr days ntror tho Laboratory has receivod written 
approval from the AA lor tho CMS plan, and in occordonco with the schedule specifled in the pian, Within 
60 calendar days of tho complctlon of tho CMS, tho Laboratory will submit a CMS ropoff. Tho CMS ropon 
will document tho results ol the study and will include thc following olomonrs: 

purposo 
description of current condltions 
media cleanup standards 

public Involvement plan 

Identiticotlon, scrooning, and dovolopmont of corrocfivQ moasuro oltemntlvos 
evaluatlon of final corroctivo mcasuro oltomntiva 
recornmondation for final corrcctivo measure oitornntlve 

8.6 CMS Progress Rcpons 

Monthly progress rQp0rlS will be prepared during the CMS and submitted to the AA. Theso ropons will, at 
a minimum, include the following: 

0 

e 

e 

0 

0 

0 

a description and csrimatc of the perconlago of the CMS compiotcd 
summary of all findings during tho roport perlod 
summary 01 all chongos made in the CMS during tho reporllng period 
summary 01 contacts made with roprosentotivas of the local communlty, public lnterost groups, 
and state governmon! during the reporting period 
summory of all contocts made rogardlng DCCOSS to off-slto property 
summary of 011 problems enCOunterQd durlng thQ rCpOrtlng period 
actions being taken to correct problorns 
changos in rolcvant pcrsonnel during the roporllng period 
projoctod work for the noxt raportlna period 
copios of doily ropcrts. inspoctlon ropom, data, otc. 
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8.7 Statcmont of BasldPermlt Modlflcatlon 

The AA approvos the CMS roporl and 11s PrEIferrQd rornedlal nltornntko. Tho AA then prepares a 
stmmont of bosls and pormlt modlflcatlon that provlde a brld summary 01 a11 altematlvos studied In the 
dotallod onalysls phaso of the RFl/CMS, hlghllghtlng all the koy fsctors that led to the ldentlflcatlon of the 
proposed remady. The SB and pormit rnodllicntlon aro submlnod for public commont. The AA proporos ii 
rosponse to tho public comments before the CMI phase Is Implomented. 

8.8 CMI Peslgn 

The correctlvo moosure doslgn ostobllshes tho slze, scopo, and choroclot of tho pro)m, It detolls and 
addrossos tho tochnlcol roqulromonts of the corroctlvo moosure. The dosign boglns wlth conceptuol 

’ deslgn ond QndS wlth the cornplation of D dQtalled set of anglnaoring plans ond spc3cIfiwtions. The 
concoplual doslgn Is used to achieve consonsus on tho slgnlficnnt aspocts of the design approach. 

Tho COnCQptUnl design pockoge wlll bo dovolopod ond Include tho following: 

purpose 
correctlvo measures objectlves 
concoptual modo1 of contamlnant mlgrotlon 
descrlptlon of COrff3ctlve meDsures 
project management 
projdct schedule 
doslgn critorla 
design basis 
wasto manogomenf ptactlces 
roquired penlts 
ldontlflcation of unresolved data noeds 
long-load procuroment conslderotlons 
appondlxes (e.g. dcslgn data, oquntlons, sampio calculatlons, elc,), as ldontlfled 

A concoptuol design will bo propared thGt cloarly doscribes tho sizo, show, lorn, and Cbnlont of the 
proposed corroctlve measure, tho key oloments that are neoded, tho doslgnon vision of tho correcrivo 
measuro In the lorn of conceptual dtrtwlngs and schomatlcs, and tha proceduros ond schsdulo far 
lmplomontctlon. 

Tho intormedlato design plans and specifications shall bo based on tho concoptual dosign but with more 
detail. The draft O&M plan and tho constructlon work plan shall be submlttod to the regulatory outhorlly 
slmultaneously wlth the Intormedlate deslgn packnga, Tho draft lntormodiato design package must 
Include drawings and speclflccflons noedad to construct tho corroctlvo measure. General correlatlon 
between drawlngs ond technlcal spaclflcotions is D basic roqulroment. Some of !he olsments requlrod 
may bo the following: 

m generd site plans 
* dotailed design drawings 

piping and Instrumentatlon diagmms 
excavnrian and oarthwork drawings 
equipment llsb 

m sit0 propatotlon and flold work standards - prollmlnary specifications for oqulpment and materlGl 



Motoria/ Dlsposal Aroas Cor0 Doeumonr 

The constructlon work plan shall document tho ovorall managoment stratogy and Include tho following: 

construction quallty Dssuranco procedures 
procodures to addross changes 10 tho deslgn or specifications 
ldentlflcstion of lnspectlons, hold polnts, and reports 
identlflcatlon of protocol ond coordination of Ilold ovoffilght and lnspectlons 
emergency proceduros 
docontarnlnnth and doeommlssionlng plan, If nppllcable 
cost ostlmate 
schodule for constructing the corrOctlvo mansuro 

Tho O&M plan shall outllno procoduras for perlormlng oporiltlons, long torrn maintenance and monitorlng 
of the corroctlvo moaoure. At a minimum, tho OBM plan will lncludo tho lollowlng: 

project management 
system doscrlptlon 
personnol trolning 
siarbup procedures 
0 8 M  procedures 
replacemont schedule for equipment 
wosto management plans 
samptlng and analysis actlvltlos 
correaivo mQasuro completion crltoricl 
procedures to address system breakdowns and operotlonal problams 
dntn mnnogomont and documentation requirements 

the fino1 deslgn plans ond spoclficatlons must bs sutficiont to bo Included in a roquost lor proposal, The 
final OBM plan and construction plan shall bc submlnad simultaneously wlth the flnol deslgn packoge. 

8.9 CMI Plan 

Tho CMI Plan will (ncfuda the following: 

publlc lnvolvemont plan 

ilnal dosign pockogo (Including OBM plan and construction work plan), 
henlth and safety plan 

8.10 Constructlon Completlon Report 

Thls purpose of this roport Is to document the complctlon of tho constructlon phaso of tho CMI. in the 
case whero long-tom monitoring and maintenance 1s requirod after thQ construction phnse, It is assumed 
that the ER Projoct will perform all actlvltlos through tho CMI construction completion ropon, At that time 
the slto will bo transforrod to Facility and Waste Operations ( W O )  Division or Envlronrnsnt, Safoty, and 
Health (ESH) Dlvlsion for IOnQ-tOtm OBM and monttoring nctlvltios or tho concluslon of which they wlll 
proparo the CMI cornplctlon ropon tor submltttai to the AA. 

Thoro ore no RCRA correctivo action regulations that roquiro tho propnratlon of a CMI constructlon 
camploflon ropoR. It wlll be devolopod 10 ensure that thQ construction phose of the CM is comploted in 
accordance with plans and spociflcations and Onsure this inlormation is documontod and passod along to 
FM/€SH lor inciunlon In the CMI complctlon ropon nt a later date. 
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The CMI constructlon complbtlon roport will Include the followlng: 

Description of the actual constructlon of the CM 
Summaries 01 construction Inspectbns including resolution of findlngs 
Results of any accoptance tastlng 
Summary of construction cost9 and schedule 
Description of any changes to the design and updnted drawings 
Dota collected durlng tho constructlon phase 
bocumenlatlon that the plans and performance standards have boon mot 
Descrlp!!on o! ony changos idontltlod for the O&M plan (including long4enn rnonltorlng, if 
appkable) 

,Schedule for CMI complotion roport and any Interim stutus ropOrts requlmd by the AA. 

8.11 Corrective Measure Completion Report 

Remedlos shall be considored complo!e when tho AA dt3teImhOS the lollowlng: 

* Compllance wlth all medla cloonup stundards ns specltlod In tho permit have beon achieved, 
occordlng to tho roqulrornonb of 40 CFR 264.52S(e) 
All actlons rcqulred to control the source(s) of contamination havo been sotlsflod: and 
Proceduros speclfled lor removal, Decontomlnation, closure, or post-closure c&m of units, 
equipment, devices, or strueturds roquited to implement the remedy have beon complied wlfh, 

Upon complotlon of tho remedy, tho Laboratory shall submit to the AA, by roglstored mall, a request for 
termlnatlon of the correctlvo action schedulo of compllance accordlng to procsduros lor o Class 111 
modlflcotlon, Tho request will Include a conlflcntion ihar tho remody has bven completed In accordnnco 
with requiremonts and must bo slgnod by tho Laboratory and by an Indopendent professional who Is 
skilled In the appropriate tochnlcal dlsclpllne, 

' 

8.12 CMI Progress Reports 

Monthly progress reports will bo prepared during tho correctlvo mOasuro design, constnrctlon and O&M 
phases of the project and submitted to tho AA. Those reports wlll, at Q mlnlmum, Include th0 following: - 

surnrnory.of system etfectivoness 
summary of di flndings 
summary of all contacts with reprasontotlvos of tho loco1 community, publlc lntorest groups or 
State government during the reporting perlod 
summary of all problems encountered during the reportlng period - actions being taken to correct probloms 

a I changes In personno1 durlng the rctportlng porlod 
projected work lor the next reporting perlod 
the rasulls ol any sompllng or othor dnta gonerotod durlng the reporting perlod 

a doscrlptlon of slgnlflcont octlvltlos and work complotod durlng the reporting perlod 

. . I  .. . . 
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AA 

ARAR 

EMP 
0v 

CA 
CERCLA 
CFA 
CMI 

CMS 
D& 0 
DOE 
EC 
EETF 
EPA 

ER 
ESH 
FE P 
Nu0 
FY 
HE 
HP 
HSWA 
IM 

Laboratory 
U N L  
LAPRE 
LLW 
MOA 

NFA 
NMED 

NOD 
O&M 
ou 
PA 
PRS 
RCRA 
RFI 
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admlnislrotivo authority 

appllcnblo or rolovant onu approprlato roquiremont 
best managomont proctico 
background value 

composlle analysis 
Comprohonslvo Environrncntnl Rosponso, CompOnsOtlon, and llobillty Act 

Code 01 Fedora1 Regulations 

corrocflvo mensures lmpiomontation 

corroctlvo measures study 
decontamination and decommissionlng 
US Dopartinont of Energy 
expodltod cloanup 
Expcrimcnlal Engineorod Teat Focjljiy 
US Environmental Protection Agoncy 
unvlronmontal rostorntlcrn 
Environrnont, Safoty, and Health (Dlvision) 
toaturos, ovents, and processes 
Faclllty and Wasto Oparotlons (Dlvislon) 
flscal yeor 
high exploslves 
Hot Polnt (site) 
Hazardous and Solid Wasto Amondmonts of 1984 

intorim monsure 
Los Alamas Natfonal Laboratory 
Los Afomos National Loboratory 

Los Alamos Powor Rooctor Exporlmont 
low4ovcl wasto 
matcrlnl dlspcsd aroa 

no lurthor octlon 
Now Moxlco Envlronrnont DopoRmont (New Mexico Envlronmontnl lmprovomont Dlvlslon 
before 1991) 

notlco 01 doficiancy 
oporallon and maintonance 
oparnblc unit 
porformance assossmont 
potcntlnl roloaso site 
Rcsourco Consorvation and Rocovory Act 

RCRA facility invos:igotlon 
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RSI 
SACM 

SAL 
SAP 
svoc 
SWMU 
TA 

TCA 
7NT 
TRU 
TSCA 
VCA 

VCM 

voc 

roquost for supplemental informntion 
Superlund accolerotod clonnup model 
screening nction level 
snmpllng and onalysls plan 

somivoiatilo organic compound 
solid wasto managamont unit 

techntcai area 
trlchloree t hono 
trlnitrotoluono 
transuranic 
Toxlc Substancos Control Act 
voluntary corroctlve actlon 
voluntary corrective moosuro 
volatlto organic compound 
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Acronyms 
MDA 
Moforiol disposal Pion 

PRS 
Polential roloaso silo 

RFI 
Rotourco Conscrvatlon And 
Flocovory Act lacillty 
lnvostigation 

VCA 
Volunfary corroctlvo OCtlOn 

Site Dcscriptlon 

Miitcriril Dispoaril Arca (?ADA) P, Potcnfinl Rclcasc Site (PRS) 6*007(n)*99, 
conbisis of two fcnccd a w i s  locnfcd ut Tcchnjc;rl Arcn 6 on Twomilc Mcsn tionh 
o f  Twomilc Mesa Roud and souih of thc soullrwesi fork of Twmi lc  Cunyon, 
MDA 1: siD 31 on clcv;l!ion of approximatcly 7460 f t  (2238 m). Thc dcpth to 
groundwater bclow ,W)A I: is upproxima1cly 1275 feet (383 m). Runoff from this 
sife cnfcrs rhc soulhwcsf fork of Twomilc Canyon. which is located within thc 
Pajarito Canyon watcrshcd. I n  1945, dcfcclivc explosive lenses manufncrurcd for 
usc in  the Fut Man implo.\ion wcirpon wcrc dcslroyed in this area by dclonation, 
Sornc of these lenscs conr;iincd Baratol, which contains barium and TXT. In 
1946, a pit WILS cxcsvarccl for the disposal of lnrge classified objccls that could 
not casily be destroyed by cuttinE, Thc objccts wcrc buried to protect thcir 
classification, In  1947. anothcr pit WM cxcnvafcd for thc disposal of classificd 
mutcriol, Two large disrurbcd areas, which rnuy bc thcsc two pia, arc visiblc on 
1954 acrial photographs, From 1949 through 1951, work orderz were wriltcn for 
thtcc smatlcr piki to be used for occasionril disposal. The locations and contena 
of thcsc pin nrc unknown, From 1950 to 1952, thrcc shafts were drillcd 10 
disposc of' spiirk giips containing small amounts of cesium-137. None of thcsc 
disposals corrcl:ik with job and work orders found i n  the archivcs, The thrct 
shnfu arc probably in thc area of thc srnollcr fcncc at MDA F, Thc areas inside 
the fences at MDA F hwc  bccn monitorcd for rndiooctivity on a continuing basis 
since 1961 as pnrt of thc Los A1:imos Environmcntal Survcillsncc Program. So 
rcudings abovc background have bccn obscmcd. 

Rcsourco Conservation and Rccovcry Act 
Facility fnvostigation Status 

A Hcsourcc Canscrvution and Rccovcry Act fncilify invcstiga!ion (Rm) Phosc 1 
siimpling wus conductcd in July 1994 in  occordnncc with the "RFl Work Plan for 
Opcrrrhlc Unit I 1 I I." 

A voluntary conectivc ncfion (VCA) wns implcmcnlcd in August 1995 a!, 
dcscribcd in thc "Voluntary Corrcctivc Action Colnplction Report for PolcntiaI 
Relcasc Sitc 06-007( !I,'' Sifc rcscoration consisfcd of recontourin& and reseeding 
thc site with nativc grasses. A formal requcst for Environmenual Profccrion 
Agency concurrcncc to rcmove PKS 6-007(0 from the 14azardous and Solid 
Wastc Amcndmcnt! of' 1964 modulc wns prescnIcd in the VCA report. 

Surface Water Assessment 

Watcrshcd: Pujarito Canyon 

Erosion Moirix Score: Not dctcrmincd 
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Acronyms 
MDA 
Malorial cilooosal ai00 

PRS 
Potanlial rofoaso slto 

TA 
Tochnlcnl moa 

Site Description 

Matcrial DispouI Arca (MDA) Q, Potential Rclcasc Site (PRS) S-O06(a) is 
locntcd at Tcchnical Arcti (TA)  8 we51 of Anchor Ranch R m d  and south of 
Uuilding TA-84!1 (the DX Division Officc) in nn n r t n  known as the TA-8 
GunJiring sile. hIDA Q is u 0,2*iicre sitc located at a n  clcviilion ol' 7600 ft (2280 
m) on Piljarito Mcsu within rhc Piljnrito Canyon wtltefshcd. Thc depth to 
groundwater bclow MDA Q is approximelcly 1200 i'L (360 m). Thc Gun-Firing 
Sile consisrs of PRS 8.002, an cxpcrimcntal firing sitc tor spccinlly designed 
naval ::uns uscd in Jcveloping the Little Boy wcapon. Two concrclc anchor pads 
for tt:. gun mounts m d  iwo i;irgct sand butts s t i l l  remain on ~ h c  ground surfacc. 
A burial ground for thc nuvnl guns ciillcd MDA Q is listed as PKS 8=006(0) und 
8406(b). PRS 8.006(b) was originally thought to be a second wnxte material 
disposal nrca associated with thc gun-tiring sile but has since been dctcrmincd to 
bc thc s:imc sitc ;IS PRS S-O06(u). The Gun-Firing Site was nctivc only during 
World War 11. and ~ h c  burid at MDA Q was conducted in 1946. MDA Q 
occupics an irrcgu1;irly shapcd rectangular area with dimensions of 
approximarely 270 ft by 260 f t  (81 m by 76 m), MDA Q is not bclievcd IO have 
becn used for any  othcr disposal since 1946, 

The solid wtrstc managcmcnt unils at this MDA arc lislcd in Module VI11 of thc 
Laboratory's Rcsource Conscrvntian and Rccovcry Act (RCRA) Hazardous 
Was~c Facility Permit. 

RCRA Faclllty lnvcst lgath Status 

Radiological and geophysical survcys werc conduclcd in h'ovcrnbcr 1993* 

Surface Water Asscssment 

Wiitcfihcd: Pajurito Canyon 

Erosion Matrix Score: NOI dcicrrnined 
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Acronyms 

EC 
Expouttoa ciaonup 

MOA 
Malorlal disposal aroo 

PRS 
Potenllol roloaso sllo 

Site Descrlptlon 

Material Disposal k e a  (MDA) M (Polcntial Rclcirsc Site 09.013) is locotcd nt on 
clcvaiion of 7500 f t  (2250 m) on Pajarito Mcsa and southwcsl of Pajnrito 
Canyon, The dcpth IO groundwntcr below MDA M is approximately 1220 f t  
(366 m), Runoff from M D A  M d r h s  northcaslwurd to Pnjariro Cnnyon and 
southword to P tributary informally known 11s Stimmcr Gulch, which is localcd 
wi th in  the Pajarito Canyon walcrshed. Metal and debris, gcncratcd during thc 
removal of Old Anchor Sitcs &st and West nnd the conslruction of the new and 
prmcnt TA-8 end TA.3 fncilitics (194S-65), h w  bccn flashed and dcposilcd 
o w  the surf'ilce of lhis 3-acrc ilrcii. Nonhiizrrrdous \vasle from the cons&ruction of 
othct sitcs within the Laboratory ww titso durnpcd hcrc from 1960 to 1965, 

Resource Conservation and Recovery Act 
Facility lnvcstigation Status 

An expedited cleanup (EC) wns performed ul MDA M ns dcscribcd i n  fhe 
"Expedited Clcanup Plan for Solid W:istc Manngcmcnt Unit 9-013." 

Phrlsc I of thc EC w u  conductcd bctwccn Eovcmbcr 1995 and Milrch 1996. 

Phase I1 of the EC i s  planned to consist of the cvaluotion of the confirmatory 
sirmpling rcsults IO dcicrminc if the clcanup aclion kvels csloblishcd bascd on the 
P h a ~ c  1 Rcsaurce Conservation and Recovcry Act facility invesligotion d m  arc 
still approprialc, followcd by additional site cxcnvation nnd subbcqucnt round(s) 
of' conl'irm:itory sompie collcction. 

Surface Water Asscssmcnt 

Wolcnhed: Pajarho Canyon 

Erosion Matrix Scorc: 56 

Best Managcmcnc Practices: An carrh berm iind silt  fcnce wcrc instiifled in 
Augusr 1996, 





M;rtcriul Disposal Arca (MDA) S (Polcntial Rclcnsc Sitc l i409> is P fenced, 
H C W C  cxpcrimcntol p101 01 Technical Arca (TA) I I I I t  mcnsurcs npproximntcly 
10 li by 10 ft (3 rn by 3 rn) and is  located north of Witcr C;inyon, MDA S sits 81 

an clcvaiion ofripproximntcly 7300 ft (2190 m). The dcpth to gtoundwalcr bclow 
MDA S is  approxirnirccly 1160 fccl 1348 m), Yhc arc8 is uscd to srudy thc cffccl 
o f  soil und wcnthcr on the decornposilion of cxplosivcs. Thc urea. which slopcs to 
the souihwcst, is wcll vcgctatcd with grasscs and w c c d s ,  locust shrubs, and t w o  
small ponderosa pincs. Tlic gcncral ;ma is covcrcd with ponderosa pines, and no 
drainage intcmccts the sile. 

N A T I O N A L  L A B O R A T O R Y  
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I Acronyms 
HE 
High orploslvos 

MOA 
MOloriaf dlsposal arun 

RCRA 
Rosoureo Consorvnlion nnd 
Rocovcry Act 

t A  
Tochnlcnl aroa 
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Thc studies conducted (and in some cases arc still ongoing) wcrc initiated in 
March 1965 to dctcrrninc thc pcfsisfcncc of explosivcs in soil in the arc3 of the 
drop I O W C ~  complcx at TA-11 where thc sensitivity of high cxplosivcs (1-E) is 
btudicd, The studies continue with ;I maximum inventory of lcss than 80 g 
(0.18 Ib,) of HE remaining in the cxpcrimenld ploL 

Thc solid \virstc maniigcmcnt unit ut this MDA i s  listed in Modulc VllI of  thc 
Labor:itory's licsourcc Conscrvslion and Rccovcry ACI (RCRA) I?ornrdous 
Wastc Facility Permit. 

RCRA Facility Invcstigatlon Status 

No RCRA facility invcstigirtion activities h a w  been complcicd LII %IDA S. 

Surface Water Assessment 

Wafcrshcd: Wirtcr Canyon 

Erosion Matrix Scvrc: No1 dctcrmincd 





Los Alamos 
N A T I O N A L  L A B O R A T O R Y  + 

Environmental 
Restoration 

Froject 

Fact Sheet for 
Technical Area 15, 
Material Disposal 
Area Aggregate 

August 1999 

Acronyms 
ou 
Oporablo unit 

MDA 
Molorlal dlsposol arc0 

PAS 
Potontlal rolonso slto 

RCRA 
Aosourco Consownlion and 
ROCOVOI~ Act 

AFI 
RCRA lacllity Invosllgalion 

SWMU 
Salld wosto manogcmofit 
unlt 

TA 
Tochnlcal arm 

Site Dcscriptlon 

Technical Arcn (TA) 15 is  locatcd on Thrccmilc Mcsn at an clcvation of 
approximurely 7200 f t  (2160 m). Thc dcpth 10 groundwnrer bcnc~tl i  TA-15 is 
upproximately 1200 f t  (360 m). Thrccmilc Mcsn is divided by Potrillo Ciinyon 
into two smullcr finger mcsas: Mcsila dcl Potrillo and Pf-ERMEY Mesa, which 
have scrvcd as firing sitc m a s ,  TA-I5 is bound Io the north by Thrccmilc 
Canyon and to the south by Wntcr Canyon. 

Motcrlal Disposal Arca N 

Material Disposal Arca (MDA) N, Potcntiul Kclcnsc Sitc (PRS) 15-007(a) i5  

locntcd at itn clcvaiion of iipproximatcfy 730 feet (2184 m). The dcpth 10 
groundwater beneath MDA ;Y is npproxima~cly 1170 feet (351 tnh Runoff from 
,MDA r\: enters Potrillo Canyon, which is l o c ~ c d  in thc Wnlcr Canyon wntcrslicd. 
MDA N was opcncd in 1962: although no information is availoblc about iL\ 
closing. A 1965 iicriul photograph suggests that i t  was closcd bcforc 1965. 
M D A  N is dcscribcd in thc 1990 solid waslc management unit (SIVMLI) rcpoft iG 
il pit conmining thc rcmnnnts of scvcral structures from thc TA.15 liring site. nleo 
dcsignutcd as K-Sitc, Thc sitc hiid bccn cxposcd 10 explosives or chcrnicnl 
contamination, MDA E: nlso may have containcd rubble from buildings 
TA-15-07, TA-15-1, and othcrs; howcvcr, litllc is known nbout the matcrinls or 
uctivitics thirt may hitvc occurred in thc buildings, No othcr informiltion is 
avoilsble on debris dcposilcd in Ihc MDA. Thc pit is dcsctibed as covcrcd and 
rcvcgctntcd. Thc Rcsourcc Conservation and Recovery Acf (RCRA) t'ucility 
invcafigotion (REI) work plan for Opcrablc Unit (OU) 1086 identifies mcrcuF, 
thorium, ilnd photogrnphic solutions as polcntinl contaminane. 

Thc SWMU at this MDA is listed in Modulc VllI of the Laboratory's RCRA 
Jlazltrdous Wnstc Facility P c n k  

RFI storus 

A Phnsc I invcstigntion wus conducrcd in ecccirdilncc with the JiFl work plon for 
OU 1086; !he investigation was no: succcssful in locating this MDA through 
gcophysicd or sampling cfforts. 

Sudacc Watcr Assessment I 

Wntcrshcd: Wnlcr Cunyon 

Erosion Matrix Scorc: 3,6 

M D A  2, PRS 15=007(b) is locntcd at TA-15 south o f  thc side road lending to 
TA-15-233, MDA 2 is locutcd iIt iin clcvntion of approximatcly 7220 It (2166 m) 
with a dcpth IO b~oundwatcr around 1200 fr (360 m). Runoff from this sitc cnlcrs 
thc Caiton dc Valk wotcrshcd, M D A  2 was used bctwctn 1965 and 1981 for thc 
disposal of construction dcbris, including picccs of cenicnl nnd rcbur of vnrious 
sizes, uscd conctctc bags, stccl blast mats from tests at PlERmX, and othcr 
dcbris. Picccs of  parfially bumcd wood ore visible. The Lndf i l l  is roughly 
rcctangular and measures approximakly 200 f t  by 50 ft (60 m by I5 m). Wastc 
appears to have been ptaccd in n nnturally occurring depression. Concrcfe~fillcd 
sundbags urc visibic; thcy werc probably piled as a retaining wall, nnd other 
debris may havc bccn tillcd in bchind it, Onc l'acc grudcs 10 native soil, whilc thc 

Armtat  1.999 
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Acronyms 

HE 
High OXplOSlVOS 

MDA 
Mnlorlal dlsposel or00 

PRS 
Potontlal rolonso slto 

RCRA 
Rosburco Consorvofion and 
Rocovory Act 

I 
I 

Technical Non I TA 

, ?  Tcchnicat Arcu (TA) IG, known D S  S-Sitc, is 1oc:itcd within thc nonhwcrtcm 
I - , .  

portion of thc Laboratory at an clcviition ranging !ram 7000 1'1 to 7500 f't (2100 rn 
to 2250 m). Thc avcriigc dcpth to groundwatcr bcncath thc matcriul disposnl 
nrcxi (MDAs) is approximntcly 1200 f l  (360 m). TA-16 is locntcd within lhc 
Cilhon dc Vallc watershed, Opcrations lit TA-16 focus an  thc production of high 
explosives and include ciisting, pressing, and muchining of high explosivcs (HE): 

dcvclopmcnt ot' ncw ma1cri;iIs; and nondcstructivc cxnmintrtion* TA- I6 hns h c n  
in USC sincc ihc early 1940s and is still uctivc with the rcccnt installation of n 
tiighqmssurc tritium fiicility. 

\,'. 1\1  

:,-,r e. 

-;;, 
,* , 

:i' ilsscrnbly of cxplosivc test dcviccs; fabricnlion of plastic componcnts: 
,% 

MDA P 

MDA P (Potential Rclcnsc Silc [PRS] 16.018) is i~ I,d.ncrc industrial Inndfill 
locaicd 31 TA-16 nc;ir thc south rim of Cmon de Vnllc. M D A  P is locotcd 111 an 
clcvation of approxinwtcly 7500 t't (2250 m), The dcptlr to groundwatcr bcncath 
MDA P is npproximntcly 1 I50 1'1 (345 rn), Runoff from W A  P cntcrs thc Canon 
de Vallc watershed, hlDA P conliiins w~stes from the synthesis, proccssing, and 
icsting of ]+E iind residual barium-contnminatcd sands from HE incineration; 
from the TA.16 photo dcvrlopmcnt proccss; from the rcsiducs of the burning of 
Hlkontnminatcd equipment; and from thc dcmolition of thc S-Site World War 11 
complcx. MDA P also contains conslruction dchris, such ns lnrgc timbers. 
concrcic rubblc, and pipcs, and nonconstruction dcbris, such ns flnsks, bottles, 
rnorticiirns' t:rblcs, and othcr itcms uscd in thc formulalion, processing, and 
uscrnbly of HE componcnts. 

Bcforc being dcsignatcd os ;I disposd arc3 for S-Site wastes in thc carly 1950s, 
ihc nrcn thiit currcntly i s  MDA P scrvcd as iI detonator burning ground, Both lciid 
nzidc and thallium nzidc dctonntors wcrc uscd during this ;imc and arc nssumcd 
to linvc been burncd at thc sire. 1.E disposal activilics at MPA P stiincd i n  thc 
carly 1950s and ccuscd in 1984. W:istc disposal uctivitics wcrc initiiitcd at the 
wtstcm cnd of thc Iiindfill and procecded castwiird, Thc Inndfill was uscd to 
dispose of rcsiducs rcsulting from thc burning of' kE-contaminatcd rnercrinls, 
Much of the old S-Site complcx wns demolishcd in thc 13605, and most of the 
fludicd rcsiducs of tlicsc dcrnolition uctivitic5 wcrc disposcd of in MDA P. 

RCRA Facility Invcsllgollon Status 

Thc M D A  P landfill was closed ns 3 Resource Conscrvniion nnd Recovery Act 
(RCRA) unit in Fiscal Year J993. 

Surhco Water Asscssmcnt 

Watcrshcd: CrrRon dc V a k  

Erosion Matrix Score: 69.3 

Best Mnnagemcnt Practices: Asphaltlconcretc rcpnving, plastic covering, 
pcrmuncnt sccding, and a striiw bale barrier wcrc installcd in September 1996; an 
eunh bcn, scdimcnt v;ipI und silt fcncc wcrc instnllcd in Scptcmbcr 1998. 



MDA R (PRS 16.01 9)  is a li~stork IE-burning ground und 
nssocinted canyon4dc  dispovul area located at TA-16. 
MDA R is.un J 1,5=ocrc sile located on the mesu edge on 
the south side of Canon de Vallc. and runoff from the site 
cntcn the Canon de Valk wnlcrshcd. M D A  R is located at 
nn clcvation of approximatcly 7500 ft (220 m), Thc depth 
IO groundwutcr bcncath MDA R is approximntcly 1240 f t  
(372 m). M P A  R was an active disposal unit from 1945 
unti l  1951, when the modern-doy TA.16 burning ground 
was complctcd. ,&IDA R occupics an area of 600 ft  by 900 
f t  (180 m by 270 m), irlthough the uctunl contaminatcd arco 
is likely IO be much smaller. 

Likcly constitucnu at M D A  R (bnscd on analogy with the 
modern burning ground and MDA P) nfc HE, including 
chunk E. and barium. Significunr amounts of dcbds arc 
located dong thc north side of M D A  R. A gcophysicnl 
survey at MDA R suggests that the waste depth is shallow, 

' 

The solid wnstc monngcment unit at this MDA is Ijstcd in 
Modulc VIU of Ihc Lnbarntory's RCRA Hatardous Wnstc 
Facility Pcmi~ 

RCRA Facility lnvestlgafion Status 

' A Phase I invcstigntion wus conducted in accordnncc with 
RCRA facility invcstigntion work plun for Opcrnblc Unit 
1082. Wcekly status reports were prcparcd in 1997. 

SUffaCC W8IOr A SS@SSmt?Rt 

watcrshcd: Canon de VPIIC 

Emion Mntrix Score: 83 
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Acronyms 
EMP 
Bosl rnonagomont prnclico 

MOA 
Mfilorlnl dlsposol aroo 
NtJlED 
Now Moxlco Envlronmont 
Doparlmont 
NOD 
Notlco of dollclancy 
NTISV 
Nonlradlllonal In sllu vltrllicnllon 
PRS 
Potonlfal rolooso silo 
RCRA 
Rosourco Consorvation nnd 
Rocovory ACI 

RFl 
ACRA laclllly Invostlgollon 

RSI 
Roquosr !of supplomonlal 
inlormallon 
SAP 
Sornpllng and onalysls plan 
TA 
Tochnlcal arm 

Site Dcsctiption 

Technical Arca (TA) 21, also bnown ns DP Sitc, ccntcrs on DP Mcso 
immcdietcly cnst-aouthc;ist o f  thc Los Alamus townsite 111 an clcvaiion of 7140 ft 
(2142 m). Runoff from T A . 3  drains 10 Lo, Alamos Canyon and DP Canyon, 
which arc located within thc Los Ahmos Canyon watcrshcd. Groundwatcr lies at 
;i dcpth of approximulcly 1150 fI (345 m). TA-21 has bccn used for both 
chcmical rcscnrch and plulonium mctd production from 1945 to 1978. Thc major 
industrial activity was rclatcd to plutonium rcfincmcnt so the major wwlc 
disposal activilics wcre plulonium rc1:itcd as wcll, Marcrial disposal urcaa 
( M I A s )  loc:ikcl a1 TA-21 includc ,MDA A, MDA B, M D A  T, MDA U, nnd 
MDA V; thcsc MDAs hrc  ;ill liatcd as I-lnzardous und Solid Wastc Amcndmcnls 
of 1334 solid wn~tc  miinqcmcnt units in Module VI11 of the Laboralory's 
Rcsourcc Conscrvation iind R C C O V C ~  Act (RCM) permit. 

MDA A 

MDA A [Potcntinl Rclc:isc Silc (PRS] 21-014) is n 1.25-ncre sitc that wns uscd 
tar w;istc disposal during two pcriods: 194s-1949 und 1969-1977. Bctwccn 1344 
and 1947, two sh;illow pits thnr wcrc ribout 13 l'! (4 m) dccp wwc used 10 disposc 
of rboul 36,000 fl'(1020 m') of "solid w~istcs with olphii conliiminntion 
uccompanicd by small amounL5 of bela and gamma." During this siimc pcriod, 
two undcrground atorngc c:inks (the General's Tanks) were instolled to storc 3 
tot;rl of 49,000 gal. of II sodium hydroxidc solution contnining 334 g of plulonium 
-239 l i t  the timc of cmplirccmcnt (circii 1947). The liquid from thcsc tnnks was 
rccovcrcd, trenrcd, and solidif'icd in ccmcnt in 1975. Thc contaminnled ccmcnt 
was buried UI MDA A for scvcri\l years but was rclricvcd in thc IiitC 1980s and 
movcd to Pit 251 at MDA G. I n  1969, a 30.ft- (9-rn-) dccp pit was cxcavaled PL 

MDA A for the disposirl of building dcbris contaminotcd by urnnium-235, 
plutonium-238, and plutonium-239 from demolition work at TA-21. Rcmcdiation 
of thc sitc cap Wits conducted in 1985 and 1987. 

RCRA Facility In wcstigotion Status 

A Phssc 1 surfice investigation was completed in 1994 in nccotdnncc with the 
TA.21 operable uni t  RCRA facility investigation (m) work plan. 

SuiYacc Wufer Asscssmcnf 

Watcnhcd: Los hlnmos Cnnyon 

Erosion Matrix Scorc: Not dctcrmincd 

Bcsi M:inegcmcnl Practices (BMPs): Rcmcdiation of the sitc cap was conducted 
in 1985 and 1987, 

MDA B 
M D A  E (PRS 21-015) is on inactive disposal sitc located on DP Mcsn just west 
of thc fcnccd area of TA.21 nnd south of' commercial busincsscs on DP Road, 
M D A  B opcraced from 1945 lhrough 1948. The approximntc ma of thc MDR is 
6 acres: thc TA-21 work plan stntcs thul buried YPS~C pits occupy about 5580 yd2 
(4650 m') with un estimated volumc of 27,612 yd3 (21,240 m'), M D A  B consisls 
of two arcus: iin unpaved fcnccd easkrn arc3 nnd u pavcd, fcnccd wcstcrn nrea. 
neither of which hus any surfncc structurcs, Thc numbcr of trenches in M D A  B is 
unknown, The disposal trenches were rcportcd lo bc approxirnurcly IS ft widc by 



300 i t  long by 12 it deep, and thcy were no1 lined, A 
geophysicnl survey wns conducted as pan of the 1996 RFI 
to dclinentc thc dimensions of the trcnchcs, 

MDA U [PRSs 21-01: (a,b, and c)] is  an inactive disposal 
site located north of buildings TA-?I=IS?. and -153 ut 
TA-21 on DP Mesa: the MDA is fcnccd on all sides, 
M D A  L' C O V C ~ S  an m a  of npproximntcly 0 2  ncrcs (1200 
mf) and contnins two nbsorption beds PRSs 21-017(n) und 
(b)]. Stormwatcr runoff from this site entcrs thc DP Cnnyon 
wotcrshcd. The TA-21 work plan suites that thc ubsorption 
k d s  were used lor  subsurface disposnl of radioactively 
contaminated liquid wastes from 1948 to 1968, m d  a5 

The radiological inventory includes "plutonium, polonium, 
urnnium, arncricium, curium, lantlmum, [and] actinium." 
The disposnl capacity of the pits is estimated to be about 
760,000 ft'(21.000 mS). The entire pit urea is cstimnled to 
contain no morc than 6 1 3  Ci (100 s> of plutonium=239, 

In 19S4, the unpaved portion of MDA B was rcsurfrrced 
with a varicry of cover systems during a pilot study 
conducted in support of the Sntional Low Lcvel Wnslc 
Management Progrum nnd thc Environmcntnl Protection 
Agency's Lnnd Pollution Control Division, Contuminnnt 
Branch. Its present slnte incorporales scvcral vnriations of a 
nominnl 3-ft-thick crushedduff cover, which is placed over 
thc original ~ruslred~tuff cover. Vnrintions include cobble 
and gmvcl biobnrricrs bctwccn thc old and new covers, as 
well ns shrub, grass, and gravel mulch surl'ncc trciilmcnts. 
Thc total covcr lhickncss on this portion of M D A  I3 is 
nominnlly 6.5 ft. 

RFI Status 

A'Phase I surfucc investigation was conducted u t  MDA U 
and associated drainugcs und complctcd in uccordancc with 
the TI\-21 opcrablc unit RFI work plan. 

A Phnsc I subsurfncc sampling and nnalysis plan (SAP) 
RFI work plan revision wns subrnittcd to New Mexico 
Environment Dcpunment WMED) in September 1998. 

A requcst for supplemcntsl informntion @SI) for Phasc I 
subsurfncc SAP wns issued by hMED, 

A response to RSI was submitted to NMED in February 
1999. 

A Phasc 1 subsurface investigation is on-going during 
1999. 

Dntn summary nnd SAP nddcndum,will bc submitted to 
NMED by September 1999. 

Surlece Weler Assessment 

Watmhcd: Los Alamos Canyon 

Erosion Mntiix Score: 17.9 

MDA T 

MDA T (PRS 21=016) includes four absorption beds and 
62 shafts where mdiooctively contaminntcd liquid waste 
from the plutonium-proccssing laborntories at TA.21 was 
d ispscd  of between 1945 nnd 1952. Slonnwntcr runoff 
from this site enters thc DP Canyon wutcnhcd. In 1952, a 

liquid wuste treatment plunt wus installed 10 remove 
plutonium and ather rudionuclides, Thcrcnftcr, the 
ubsorption beds rcccivcd relatively small quantities of 
UW until 1967 when a new liquid waste mament  process 
was initiated. Between 196s and 1975, treated liquid wustc 
was mixed with cemeiit punlpcd into shufis at M D A  T for 
disposal, After 1975  the cement paste was poured into 
corrupted meti11 pipe:, and rctricvnbly buried at M D A  T. 
There were 62 shrifts iIt MDA T used for the pcrmuncnt 
disposal of ccmcnt-mntcd liquid waste. 

Approximnlcly 1S,300,000 gal, of liquid waste was 
disposed of in the MDA 'I' nbsorption beds bctwcen 1945 
nnd 1967. As of January 1973, the absorption beds 
contoincd 10 Ci of plutonium-239. As of July 1976, the 
disposal shafls contained 7 Ci of uranium-233, 47 Ci of 
plutonium=23S, 3761 Ci of nrncricium2dl. und 3 Ci of 
mixed fission product. Thc totul volume of cement paste 
permunently disposed of in thc shnfts ut MDA T wus 
1~2.500 ftJ, 

RFI Status 

A Phnsc I surface investigation conducted 81 . W A  T und 
nssocinted drainages was completcd in accordance with the 
TA-21 operablc unit RFI work plan. 

A Phnsc 1 subsurhcc inrcstigation SAP wus submiltcd to 
NMED in the SAP for Group 21-016. 

A Phnsc 1 subsurfucc invcstigntion wns complctcd ut risk. 

An RSI on Phusc 1 subsurface SAP issued by KMED July 
29.1997. 

A response IO thc RSI wns sent to ,XMED, but thcrc is no 
record of it in  the RPF yct. 

Surlsce Wafer Assessment 

Watershed: DP Canyon 

Erosion Matrix Scorc: 34, 

BMPs installed in  Seplcmbcr 1996 include n run-on 
divcrsion and struw bale burrier. 

MOA U 



constructed, thc two obsorption bcds had a surface area of 
upproximaicly 1800 f t  with an cstimulcd volume of iibout 

18,000 f?, An nssociatcd distribution box, TA-21 164 [PRS 
21-017(c)], wns located between thc two bcds. The 
distribution box und associated distribution lincs in PRSs 
21-017(ir und b) wcrc rcmoved in 1985. 

A Phast 1 surface investigation was conducfed in  1994 in 
accordnncc with the TA-?I Opcrnble Unir REI Work Plan, 

An additional Phase I surface investigation S A P  was 
submitted IO h W  in  1998. 

A Phasc I surfucc RFl wiis cornpletcd in 1998. 

A Phnse I rubsutlacc S A P  was subrnittcd IO "MED in  thc 
Sampling and Analysis Pllrn for Potential Release Sites 
Z1-OI7(a,bI and e). 

A P h m  I subsurfm RFl WRS ongoing at risk, 1999 

Surface Water Assessment 

Waiefihcd: DP Canyon 

Erosion Mntrix Score: 8.6 

UMPs insulfcd in January 1990 includc B runsn  diversion 
and a swale. 

MDA V 

M D A  V [PRS 21.018(a)] is 0,88-acrc site at TA-21, which 
contains three absorpiion bcds that occupy lS,OOO f? and 
havc a volume capacity of 4250 rn'. Slorrnwiitcr runoff 
from this sirc entcrs the LA Canyon watershed, The 
obsorption beds wcrc used for liquid w n m  disposnl !>om a 
]oundty operation ill building TA-21-20 und wcrc in 
coniinuous usc from October 1945 to 1961, Thc laundry 
facility mainly proeesscd clothing from plutonium 
refinement opcmtions, but other proccsscs and wustc 
streams may hove used the absorption beds for disposal, 

A nontraditionul in situ vitrification (NTISV) cold tcst was 
pcrformed near M D A  V in early in 1999 in prepurntion of a 
plan 10 vitrify n portion of onc of the absorption bcds. 
Raults of the cold lcsf havc not been finalized. 

RN Sfafus 

A Phnsc I surfncc and subsurfacc investigution was 
conduckd nt MDA V and its associarud drainages in 1994 
nnd 1996 in accorduncc with the TA-?I Opcrublc Unit RFI 
Work Plan. 

An RFI report tccommcnding NPA was submitted IO 
NMED in 1996, 

A norice of dcficicncy (NOD) on Phasc I'surfucc ond 
subsurl'acc Rltl rcporl issucd by SMED and rcsponsc to 
NOD are rcporkd in a 1997 Labomfory rncmorandum 
(-mER:97=?95), 

Surtace Wetor Asscssmont 

Wmrshcd: Los Altlmos Canyon 

Erosion Matrix Score: 18J 
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Acronyms 
N FA 
No further oC:lon 
MDA 
Malorlal Ulsposnl ArOP 

PRS 
Potonlial rolonso silo 

ACRA 
Rosourco Consorvatlon and 
Hocovory Act 

R FI 
RCRA faclllty lnvostigntion 

SAP 
Sampllng ond onnlysls plhn 

SWMU 
Solid wnslo rnanagornont 
unit 

?A 
Technical Or00 

Site Dcscription 

Technical Arca (TA) 33, also knawn as idol Point Silc, is locnlcd near the 
southeirst boundary of thc Labralory and  spans thc boundnry of thc Chaquchui 
Canyon nnd Ancho Cunyon wotcrshcds. Within TA-33, clcvation r a n p s  from 
5300 f t  to 6300 ft (1590 m IO  1890 m) and dcplh Io groundwulcr ranges bctwccn 
760 ft and 910 f t  (228 rn und 273 m), TA.33 wns crcatcd in 1947 3s a lest site for 
wcupons cxperimcnts Usin& convcntion~l high cxplosivcs, uranium, and 
beryllium. Thc cxptrimcnts wcrc pcrformccl in undcrground chnmbcrs, on 
surfacc firing pads, und at firing sites cquippcd with lnrgc guns thut fired 
projcctilcs into catchcr bcrms. The WciIpons expcrimcntq ccascd in 1972. A high- 
pressure tritium fucility wns operated a1 TA-33 from 1955 until lntc 1990, 

MDA D 

Matcrinl Dispsid Arcn (MDA) D, Potential Rclchsc S i m  (PRSs) 33=003(n and 
b), is Iocutcd at an elevation of npproximalcly 6500 f t  (1950 m) on 3 mcsa 
formcd by Ancho Canyon and Whitc Rock Canyon. Thc dcpth 10 groundwater 
bcnc:ith M D A  D is  approximately 910 f t  (273 m). Runoff from this sitc mny 
cithcr drain to thc Ancho Cnnyon WiltCRihcd or dircctly into Whitc Krxk Cnnyon. 
,&IDA D consists of two undcrground chnmbcrs, TA-334 and TA-33.6 PRSs 
33-003(a end b), rcspcc~ivcly], which were uscd to test cxplosivc devices. The 
chambcrs wcrc constructcd in  1948 and wcrc uscd for initiator tests involving 
polonium-210, milliyriim quontitics of beryllium, and large nmounrs of high 
cxplosivcs, Chambcr TA-334 was uscd once in 1948 with no apparcnt rupturc; 
Ch;mber TA-33-6 was uscd twice, oncc in Dcccmber 1948 nnd agnin in April 
1952, The second tcs; dcstroycd the chamber. Dcbris from thc drtonntion war 
cjcctcd through the clevator hhuft  and sptcad over Ihc mcsa, A IO*fbdecp crater 
that formcd around the chamber was Isrcr illlcd with thc ejccrcd debris and 
covcrcd with unconulminurcd soil. 

Thc solid waste management mils (SWMUs) nt this M D A  urc k c d  in Module 
VI11 of thc lnboratory’s Resource Conservation and Rccovcry Act (RCRA) 
Hnznrdaus W N ~ C  Aicility Pcrmit. 

RCRA Faelllty InvosrigaMon Stotus 

A Phnsc I investigation wus conductcd in 1993 in nccordoncc with the R C I U  
facility investigation (W) work plan for Opcrublc Unit 1122. 

An udditional invcstigution \vas conducted in 1996 in accordance with Ihc revised 
sampling and analysis plan ( S A P )  prcscnrcd in rhc “RFI Rcpon for TA-33, PRSs 
33-003(~) ,  3 3 4 3 ‘ n ) .  33-007(~) ,  33.009, 33.01 1 (d), 33-013, 33.016, 33.O17,” 
ond rcviscd SAPS for PRSs 33-003(b), 33-004(k), 33-008(b), C-33-001. 
c.33-002, 

Surface Water Assessment 

Watershed: Ancho Canyon 

Erosion Matrix Score: Not determined 
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MDA E 

MDA E [PRSs 33-001(o-c)J lies on a point formed by 
Chnquchui Canyon and one of iu tribuwrics, MDA E is 
locntcd on a mesa at nn elevation of approxiniatcly 6500 Ct 
(1950 rn). The depth to groundwnrcr bcncuth MDA E i 
npproximnlcly 760 fcct (228 m). Runoff from this sit( 
cnters the Chaquehui Canyon watcrshcd. MDA E war 
operated bctwccn 1948 nnd 1955 to dispose of gun=typc 
initiutors nnd debris, Tcst material contaminutcd wit1 
polonium-210 was cnrricd to the optn pits, The f i r s  
structure nt South Sitc was underground chumbcr No, 3 
TA.33-29, which was complctcd i n  Februay 1950 and 
used for o single expcrimcnt in April 19SO. The cxplosivc 
experiment in the chumbcr did not breach the surfncc, 
Beginning in 1951, South Site was used for gun-type and 
implosion studics, A Los Alnmos Scientific Laboratory 
internal memorandum refcmng to contaminated disposal 
Area E, TA43 stnrcs that "Area E ut TA43 hus been used 
as R storage urea und for burial of low4cvel radiocrctivc 
contaminated cquipmcnt." A report by thc US Gcolagicul 
Survey s t m s  that the nrca contains sevcrnl hundred 
kilobTums of deplctcd urunium. Etuct curie conrents of piu 
I and 2 me reported (LS 2.10 Ci lrnd 60 Ci, rcspcctivcly. 
Bricfdeacriprions of the contents of pits 3 and 4 implicate 
thc prescncc of htuordaus wnste (GI cnn of beryllium dust 
immcrscd in kerosene). No information is available on pits 
5 nnd 6: South Site pcrsor.ncl indicate thirt thcse trenches 
WEE not used and wcrc filled and compncicd in 1963. 

Erosion Matrix Score: Ranges brtwctn 3,6 and 26.2 for thc 
five PRSs in M D A  K 

Thc S W s  at this MDA arc listcd in Modulc VU1 of the 
Laboratory's RCRA Hnznrdous Waste Facility Permit. 

RFI Status 

h'o Rm activilia hwc bccn complcrcd n1 MDA E. 

Sutface Wuter Assessment 

Wntcrshcd: Choquchui Conyon 

Erosion Mauix Score: Ranges bctwccn 35 and 40.2 for thc 
Five PRSs in MDA E 

MDA K 

M D A  K (PRSs 33-002(n-c)] is a I.0-ocrc sitc located on a 
mcsn at an npproximnte clcvation of 6500 ft (1950 m), The 

dcpth to groundwntcr kncath MDA K is approximutcly 
820 f t  (246 m). Runoff from this sitc enters the Chaquchui 
Canyon watcnhcd. M D A  K received liquid cfflucnt from 
thc high=prcaurc trilium facility PA-33.86) lhut operated 
nt TA-33 from 1955 un t i l  1990, This facility housed 
cquipmcnt used to trund'cr tritium from luge transpomrion 
tnnks to smaller vessels for USC nt vurious Lnboratoy 
locutions. The building was occnsionully used for other 
nctivitics: for cxatnplc, n urunium fluidized bed ussembly 
WBS constructcd in 1960, After the TA.33-S6 tritium 
fixiliry operations ccuscd in 1990, 1111 cquipmcnr wos 
removed from the building. The building nnd associaicd 
structures arc scheduled for dccontrrninution and 
decommissioning in  1999. W A  li contains consolidbred 
PRSs 33-0O?(a-c). PRS 33-002(u) i s  the septic tank and 
drain field, PRSs 33-003b and c) LVE rumps ( d F  wells), 
PRS 33=00:(d) is a cooling water outfnll, nnd PRS 
33=OO?(c) is a Wf drain outfall. 

The S W M U s  nt this MDA arc listed in Modulc VI11 of thc 
Lubortilory's RCRA Wantdous Waste Facility Permit. 

RFI Status 

A Phnsc 1 invcslipation was conducted at PRSs ?13.002(u 
and b) in 1993 in occordnncc with the RFl work plun for 
Opcnblc Unit 112. 

Phnse 1. invcstigutions and Phase I1 SAPS far PKSs 
33=002(n nnd b) iirc prescntcd in ''W Report for M D A  IC, 
PRSs 33=002(~,b,c,d,c)." 

PRSs 33-00Xband c) were recommended for no further 
Petion (hTA) for human health in 'INFA Rcpon for PRSs 
33-O02(b,c), 33-003(b). 334040;), 33=006(a), 33=006(n,b), 
33-01 I(d), 33413,33-017." 

'RS 33-002(d and e) wcrc recommcndcd for hTA in  "RFI 
tcpon for MDA K, PRSs 33=002(a,b,c,d,c)." 

Sun'aco Water Assessment 

Vatcrstrcd: Choquchui Cnnyon 
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Acronyms 

Lo5 Alamos Powor Roactor 
Experlmont NO, 2 

MDA 
Matorlal disposal nroa 

NFA 
No lutlhor nclion 

PRS 
Potontiat rolonscr sllo 

TA 
Tochnlenl Oron 

U P  RE4 I 

Auount 1999 

Site Description 

Tcchnical Arca ("A) 35, which is also known as Ten Sitc Luborutot?,, is locatcd 
at a n  clcvation of npproximutcly 7000 fcct (2100 m) on ~r finEcr mt:r;il betwccn 
Morrandod Canyon und l'cn Site Canyon, which is localcd within thc Monnndnd 
Canyon watershed, Thc depth to groundwater bencilth TA-35 is apliroxirnutcly 
1200 f t  (360 m), TA-35 is currently uscd for sat'cpard studies, luscr mcarch and 
dcvelopmcnt, and other cxpcrimcntal rcscarch. Past opcrations at Th-35 rcloted 
to w:lstc disposal at its material disposal arcas (MDAs) includcs sourcc 
prcpirretion, riidionuclidc cxperimcntntion, and nuclear fissisn rcactor 
dcvcloprncnt. 

MDA W 

MDA W, Polcntjnl Rclcasc Sitc (PRS) 35.001, consists or two 441,- (10-cm-) 
di:imctcr, 125-ft- (38 m-) long stoinlcss steel tubes suspended vert t a l l y  inside 
&in,- (2O.cm.) diomckr carbon-stccl-cnscd wclls. Each tube, which is  b;ickfillcd 
undct prcssurc with nitrogcn and is scaled, contains 150 1 (39 g::I.) of liquid 
sodium rcactor coolirot conlaminored wi th  plutonium und ossoclatcd fission 
products, M D A  W is Cilpped with concrete iInd sits on thc southern cdgc of Ten 
Sitc Mcsa above Tcn Site Canyon. Thcrc arc no stormwatcr runofi' conccrns or 
any potential for erosion of thc cup, Thcrcforc, this sitc poses no impact on thc 
Tcn Sile Canyon wmrshcd. Thc dcplh 10 groundwnlcr from the bottom of the 
carbon-stccl-cased wells is around 1000 f t  (300 m), Thcrc arc no ndministrativc 
conirols regarding scccss to thc sire. 

Resource Conscrvaflon and Rccovory Act 
Facility Investigation Status 

MDA \.V was rccommcndcd for no furthcr action (hTA) in  "Addcndurn to the 
OU 1129 FSl Work Plan" an the basis thot no cvidcncc of a rclcnsc cxisb. Thc 
cnginrcrcd controls prcsrn~ly in plncc prccludc any migration of Contaminants to 
thc environmcnt. Asscssmcnt and remediation options posc a grcntcr thrcnt to 
human hcnlth and thc cnvironmcnl than lcnving the sile ns is, and the site will be 
rneintaincd under perpctual institutional control. 

Surfucc Wakr Asscssmcnf 

Wstcrshcd: Monnndnd Canyon 

Erosion Matrix Scorc: Not dctcrmincd 

MDA X 

MDA X (PRS 35.002) is the forntcr sitc of the Los Alomos Powcr Rcnctor 
Expcrimcni So' 2 (LAPRE-11) renctor, which was buried i n  placc oftcr i t  wns 
dccornmissioncd in 1959, MDA X was locntcd ncut the southcast corncf of 
Building TA-35-2 on thc south side of Ten Sitc Mcsa at nn clcvation o f  
approximntcly 7000 f t  (2100 m). Thc depth to groundwakr below the former 
locotion of MDA X is npproximutcly 1160 f t  (348 m). MDA X was rcmcdiatcd in 
1991 us a n  interim d o n .  Thcrc urc no ridministrathe controls rcgurding ucccss 
to thc sitc. 



I 

Resource Consorvetion and Recovery Act 
Facitify tnvcsfignfion Status 

MDA X wns rccommcndcd for NPA in the "Addendum to 
the OU 1129 RR Work Plan" kcause all rcocfor-rclntcd 
cquipmcnt and contnminntcd' soils were removed, 
Confirmatory soil sampling \ v u  conducted to vcrify thc 
rcmoval of all  consritucnts of concern including 
radionuclides ond hnuirdaus chcmicnls. 

Surface Water Assessment 

Watershed: Momndad Cnnyon 

Erosion Matrix Score: Not detcrmiircd 
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Site Desc r ip t ion  

Miirerial Disposal Area (MDA) AA (Potcntinl Rtlensc Site 36.001) is lwarcd at 
an clcviition of upproximatcly 6700 1'1 (2010 m) within Potrillo Canyon, which is  
located within the Water Canyon watcrshcd, Thc dcpth to groundwntcr bclow 
M D A  AA i 3  upproximatcly 770 l't (231 m), The first M R A  M trench was dug in 
mid-1960s to burn und dispose of dcbris and sand from thc firing sites. The exact 
numbcr of trcnchcs is unknown; howcvcr. information from two sourccs 
indicarcs thaf thcrc arc from IWO to four trcnchcs, The trenches provided safety 
ond administruiivc con~rols for cxplosivcs and for matcririls possibly 
contaminated with cxp!osivcs; they also providcd a way of rcducing the volume 
of firing site debris, Thc last active trench on the south side of M D A  AA was 
closcd Mny 12, 1989, in ;iccordi\ncc with New Mcxico solid waste rcgulations. 
Aftcr the lasl trcnch w115 lillcd with burncd debris ond cavcrcd with clean sail, 
rhc cntire M D A  AA trcnch arc3 was graded lo lcsscn Ihc potential of stormwater 
run-on and runoff to crodc thc site and impact the Wuter Canyon wntcrshcd, 
Cornhustiblc firing site dcbris, such as wood, is still burned on the surf:icc o f  (I 
pcrmittcd bum area f 00 f t  to 360 f t  (30 m to 90 m) west of thc MDh. 

Thc solid wiistc manilgerncnt u n i t  at this MDA is listed in Modulc VI11 of the 
Lahorafory'r Rcsourcc Conscrvstion and Recovery Act OtCRA) 14nrardous 
Wnste Pscilily Pcrmit. 

RCRA Facility Investigation Status 

%IDA AA W:IS rcponed in fhc "RFl Report for Potenlinl RclciISc Sites a t  TA.36 
36=001.36.00a(d) Skunk Works and Bum Pits, 36.006.'' 

The New Mcxico Environment Dcpnrtrncnt (NMED) issucd n lcttcr of deniill for 
the RCRA facility investigation (WI) rcpon. 

An intcrim action wns conductcd in May 1996 thnt addressed numerous erosion 
chiinncl~ draining the silc. Wire mcsh iind cobblcs wcrt placed in thrcc crosion 
channels ill thc soulhcrn trench m a  thrit posed an immcdintc threat to thc 
integrity of thc trcnch soil covcr, Kcmaining supplies nnd cobblcs wcrc used to 
prick :idditional trcnchcs, Thc inlcrim nction rcpon was upproved by NMED, 

Los Alomos luotionol Liiboriitory rcqucsled cxtcnsions for the resubmission of' 
the KFI rcport in  November 1997 ond for thc submission ot'thc Phiuc I1 sampling 
rind analysis plan in August 1995. 

Surface Water Assessment 

Wafershed: Wnkr Canyon 

Erosion Mntrix Score: 45.; 

Best Management Prncticcs: A silt fcncc and straw balc harrier wcrc installcd in 
July 1996, 
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Site Description 

Mlatcrinl Disposal Arcn (MDA) Y (Potcntiul Rclcnsc Site 39-001 (b)] is locarcd a1 
n n  clcv:ition of 6400 ft (1920 rn) within Ancho Canyon. The depth to 
groundwater bclow 3IDA I' i s  opproximatcly 590 fl  (I77 m). Runoff from this 
siic dircctly cnlcrs Ancho Cilnyon, M D A  Y was one of scvcrnl pils nt TA-39 used 
for disposill ol' waste consisting primwily of debris from firing sifc experiments. 
empty chcmical containers, nntl office waste. MDA Y wns thc lint disposal pit ;it 

Tcchnical Area 33 and was in usc from 1973 until approximately 1976, when pit 
2 was put into USC, 

Thc solid W ~ I S ~ C  managcmcnt uni t  P I  this MDA is listed in Modulc VU1 of the 
Laboraiory'.s Rcsourcc Conscrviltion and Rccovcry Act (RCIIA) klnzardous 
Waste Facility Permit. 

RCRA Facility lnvcstigation Status 

MDA S was proposed for no furthcr nclion in thc "RFI Rcport for Potcntial 
RCIciIbC Siics at TA-33 ?9.001(i1 and b), ~~-W(O-C),  39-008." 

Thc Ncw Mcxico Environmcnt Dcpanmcnt issucd ;I rcqucst for supplcmenlrrl 
information for the RCRA facility invc!Jigation (Nq) rcpon in Novcmbcr 1797, 

Los Alilmos Nnlionul L:rhor;ilory rcqucslcd rrn cxicnsion for rcsubmission of thc 
RFI repan in August 1998, 

Surfncc Water Assessment 

Wmrshed: Ancho Canyon 

Erosion M m i x  Score: Not dciermincd 

August 1999 

Acton yms 

Motorlot disposal moo 

RCRA 
Aosourco Consowallon nnd 
Rocovory Act 

R FI 
RCAA foclllly lnvostlgatlon 
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Acronyms 
BMP 
Bost monogomonl practlco 

MOA 
tcllotorlat dlspasal aroo 

PRS 
PotonlloI rolooso sllo 

RCRA 
Rosoureo Consomnilon ond 
Aocovory Act 

RF1 
RCRA foclllty lnvostlgotlon 

RSI 
Roquost for iupplomonlol 
In formation 

Site Description 

Matcrial Disposal Arca (MDA) AB, Potcntiiil Rtleasc Site (PRS) 49-001(a-g) is 
Ioc;ilcd ilt an clcv:ilion O S  7200 feet (2160 m) on Frijolcs Mcsn witliin thc Anclio 
Canyon wtlfershcd, The dcpth lo pundwarer  bclow M D A  AI3 is approximately 
1120 f t  (336 m), 

MDA AB was the location of lhc hydronuclcar rihd rclulcd cxpcrimcnts 
performed from Intc 1959 to mid.1961 that deposited virtunlly all tlic 
conlaminants thal arc cxpcclcd to cxist U t  TA.49. Very littlc other usc has been 
made of MDA AB :ind TA-49, "hc  cxpcrirncnL< wcrc conducted to ~ S S C S S  snfcty 
concerns rclatcd 10 Ihc storage ;ind transpormtion of nuclear weapons 
componcnts. The cxpcrimcnts werc conductcd in multiplc shnfts and chambers at 
dcpths bctwccn 60 f l  nnd 80 f t  (18 m to 24 m). The [ohl volume of conlaminatcd 
tuff hns becn cstim:ircd at about 1,000,000 ft' (30,000 m'), Tlic radiologicnl 
inventory hiis becn cstimalcd PS 02 Ci of urunium-235 and 2450 Ci of  
plutonium-?39, with somc fission and tictivation products also likcly to bc 
present. Solid lead uscd as shielding for thc cxpcrimcnts is ;ilso contained in thc 
cxpcrimcnt chombers M well as small amounLs of beryllium. The cxpcrimcnul 
shafts wcfc installcd in four djffcrctit arcus i n  what arc now, roughly. the corncrs 
of MDA AB. The arcas were numbered 1 through 4 with Arca 2 being funhcr 
subdividcd into m a s  2A and 33. 

In 1961. the SUrfiICC over thc shafts in  Area 2 wrrs covered with a clny-gravel 
layer ovcrlnin with asphalt to stabilize rcsidunl aurfocc contamination. This 
surface piwemcnt was removed in I396 as part of iin interim mensurc undcrt:iken 
as part of the Rcsourcc Conservation and Recovery Act (RCRA) facility 
invcstigiition (SUI) 10 stnhilizc thc site against subsurfiice moisture resulting from 
surfilcc watcr ponding, run-on, and inhibitcd cvapolr~inspirution, That inrcrim 
meiisurt was complctcd with the instnllntion of a clcan, crushed-tuff cap 
containing a wirc-mesh lriyer to inhibit inwusion by burrowing animirls and 
covered with notivc grosses to promotc transpitiition of moislurc and inhibit 
crosion and gravel IO funhcr inhibit crosion. 

Thc solid waste rniinagcmcnt units 01 this MDA ore listed in Modulc VI11 of the 
Lohratory's RCRA I.l;~%:rrdous Waslc Facility Pcrmit, 

RFI Status 

A Phase 1 invcstig:rtion was condueled in 1994 in iiccordnncc with %Fl Work 
Plan for Operablc Unit 1 144." 

A plan for stabilization ;rctivities was prcscntcd in thc "Stabilizntion Plan for 
Implcrncnting lnlerim Mcasurcs and BCSI Monapcrncnl Prncticcs ;It Poicntial 
Rclei~sc Sites 49-001 (b, c, d, and g)." 

The stilbilitntion plan rcceivcd a rcqucsl for supplemcntnl information (RSI) and 
then a notice of dcficicncy on the rcsponsc to thc RSI: respanscs wcrc devclapcd 
to both# 

Best managcmcnt procticcs (J3MPs) were pcrformcd at PRSs 49-001(b,cld, nnd g) 
as dcscrikd in thc BMP complcrion rcport. Activities included construction nnd 
stabilization of o diversion chonncl; instnllntion of h silt fence: downgmdicnt 
channcl stabilization; removal of a powcr polc; and placcmcnt of straw bales in 
thc upgmdicnr runoff channel, 

Alrpust 1999 



. . . . .. .. . . - .. ._ -. .. . __ 

S u dace Water Assessment 

Wotcnhcd: Ancho Canyon 

Erosion Matfix Score: 59.2 [PRS 49-W1(&)] 

BMPs: Run-on divcnions, silt fcnccs, m a w  balc borricrs, 
velocity dissipotion dcviccs, and asphnlt/concrett repaving 
wcrc instollcd'in June 199Sm 
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Acronyms 
MDA 
M~lorlolu1spos~I oron 

RCRA 
Rosourco Consowallon and 
Rocovory Act 

RFI 
ACRA facliity invostigolion 

TA 
Tocllnical PfOOa 

Sltc Description 

Malerial Disposal Arcn (,MDA) C landfill 31 Technical Arc0 (TA) 50 (Polentint 
Rclense Site 50.009] was cstoblislicd in Muy 1946 as u rcplaccmcnt for M D A  13 
UI TA-?I, MI3A C is loculed at thc hcnd ol'Tcn Silc Canyon nt nn clcvntion of 
approximatcly 7200 f t  (2667 m). Thc dcpth 10 groundwatcr k l o w  M D A  C is  
approximiitcly 1175 fcet (353 m) and runoff from this sitc cntcrs Tcn Site 
Canyon, which is locnlcd in thc Mortondad Canyon wakrshcd, MDA C is a 
fencc.enclosed 1 1 .S.;rcrc sitc. R;idioaclivc und hazardous waslc wns disposed of 
in scvcn pits and 108 s h a h  III MDA C bclwccn 1948 and 1965, The nvcriigc 
dcpth of thc MDA C disposal pits was 20 ft (6 m), while the avcragc dcpth of the 
ShiIfIs wns opproximatcly 16 f t  (4.8 m), Thc pits wcrc fillcd bctwccn 1938 and 
1359. und the shafts wcrc filled bcIwcen 1958 and 19G5. Logbooks wcre uscd IO 
rccord lirnitcd inform:ilion about wuslc disposnls ultct 4954. Estirnotcs of lhc 
I O I ; ~  rndiological invcnrory nl hlDA C arc 196 Ci in pits and 49,483 Ci in shafts, 
This cstimnrc includes 28 Ci of uranium ( k , ,  uronium433,  urmium-234, 
uraniumZ35, uranium-236, and ur;inium-238); 49,136 Ci of cesium-137; 31 Ci 
of strontium-90; 26 Ci of plu1onium=233: I49 Ci of amcrcium.241; SO Ci of 
mixed fission products; and 200 Ci of mixed activation products, 

A chroriology o f  thc major cvcnts pcrtincnl lo M D A  C is prcscnlcd in Trrble 2-9 
iind il list of inlcrrcd contaminunu (bnscd on sitc logbook) is in Table 2-10 of rhc 
Rcsourcc Constrvaiion and Rccovcry Acr (RCRA) facility invcstigalion (WI) 
work plan for Operable Unit 1147 cLA-UR.92-969), 

Thc solid wnsk m;iniigcmcnr unit nt this MDA is listed in Modulc VI11 of rhc 
Laboratory's RCRA I~li~ziudous Was~c Fncility Pcrmil. 

RFI Status 

A Phnsc I surf;lcc investigation was conducted in 1993 in nccordance with thc 
"rull Work Plan for Opcrablc Unit 1 147." 

A Phxc I subsurfiicc inrcstigntion wns cond;clcd belwcen 1934 and 1396 in  
accordnncc with the "WI Work Plan for Operablc Unit 1147." 

Surface Water Assessment 

Watmhcd: Monnndad Canyon 

Erosion Matrix Score: Not dclcrmincd 

August lW9 
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Acronyms 
DOE 
Dopnnmont of Enorgy 
ER 
Envlronmontnl rostorntlon 
HSWA 
Hazardous ond solid w0310 
Amondmonts (01 t 9841 

MOA 
Mntorlal dloposol tima 
PAS 
Polonfin1 roloaso sllo 
RCRA 
Aosourco Consorvatlon and 
Rocovory Act 

RFI 
RCRA laclllty lnvostlgntlon 

SWMU 
Solid wasfo monagomont unlt 
Th 
Tochnical aroe 
TRU 
Transuronlc wasto 

Site Description 

Technical Area ("A) 54 is located on Mesin del Buey and spans the boundary of 
thc Cahadu del B u y  iind Pajnrito Canyon watcrshcds. TA-54 rnngcs in  clcvntion 
bctwccn 6700 and 6800 f t  with a dcprh lo groundwater runging belwecn 900 and 
980 ft. Thc major industrirll activity nt Th-54 h u ~  bccn W ~ S I C  storage and 
disposal. Thc 45 solid wmtc mnnagcmcnt units (SWMUs) in TA-54 arc 
organized within four material disposol :Ireus (h!DAs) (G, H. J. and L) and thrcc 
facilities located in the wcstcrn part of the TA including TA-54 Wcst (L former 
riidiation cxposurc fucility rind u former animal-holding fncility, 

MOA G 
M D A  G nt TA.54 is a 100.acrc sitc that has scrvcd as the Luborntory's principal 
radionctivc solid wastc storugc and disposal sitc since routine operations bcgnn in 
1959. The mujority of stormwalcr runoff from MDA G cntcrs tllc Pajnrito 
Cirnyon watcrshcd with a much smallcr ponion draining into Cailirda del Bucy, 
which is located within the Momndad Canyon whtcmhcd. M D A  G will continue 
opcritting i n  its current capacity for the forcsccublc future. Disposal units (pits 
and shafts) containing wnstc disposcd before 1988 composc 1Juurdous and Solid 
Wastc Amendments of 1984 (14SIVA) Swu, Potential Rclcpsc Sitc (PRS) 
5&013(b).99, and arc subject to corrcctive action under thc purvicw of thc 
Environmental Restoration (ER) Project. 

Bctwccn 1959 and 1970 (inclusive), nearly all of thc Laboratory's solid 
radioactive waste was dispohcd at MDA G, The disposal method consisted of 
intcrring the wiatc in pits and in lined and unlined shafts cxcnvatcd into the mcso, 
The dcpth of thesc pits and shafu is upproximately 60 f t  (18 m), Layers of waste 
in pits havc been buckfilled with clcan cxcnvrifcd mutcriats (cmshcd tuff), and 
fillcd pits hovc bccn covcrcd with at least 3 f t  (1 m) of crushcd tuff nnd about 5 
in ,  (12 cm) of topsoil, which has bccn rcvcgctntcd with native grasses. Filled 
shafts have bccn capped with either crushed tuff or concrctc or both, 

In 1971. the Laboratory began acgrcgriting ridionctivc wmtc into two categories 
depending on the conccntrnlion of transutmic r;rdioisolopes present in the waste. 
Since that time, trnnsurnnic wnslc (mu) has hccn rctricvably slorcd at M D A  G,  
and only low.lcvcl solid rndio;ictivc wnstc lras bccn pcrmnnently disposed of'. 
Since thc implcmcnmtion of' Rcsourcc Conservation hnd Rccovcry Act (RCRA) 
in 1966, mikcd low=lcwcl solid radioactivc wnste (i,c.. low-lcvcl solid rndioactive 
wustt that ah0 meets the definition of  il RCRA-!istcd or chnrncrcristic hazardous 
wnstc) hns h e n  scgrcgatcd from the low-lcvcl solid radiouctivc wattc and storcd 
above ground st MDA G. Thus, thc inventory of PRS 54-013(b)-99 includcs (in 
descending order of rclarivc volumc) low-lcvcl solid radiouctive waste. solid 

wastc. solid mixed "XU waslc, and low-lcvcl solid rudiooctivc wnstc. 

RCRA Facility In vcs figstion Sta fus 

M D A  G hiis undcrgone cxtcnsivc investigation ns a HSWA S W l U ,  n pcnittcd 
RCRA storage facility, and an authorizcd Dcpunmcnt of Encrgy (DOE) low-lcvcl 
solid radioactive wastc disposnl facility* Therc arc known to bc subsurface vapor. 
phuc  plumes of volatilc organic compounds and uitium, but no other releases 
havc bccn found in the subsurface* 

I n  1997, thc pcrforrnance assessment and composite nnnlysis of Los Alamos 
Nsfional Lnboroiory MDA G was published ns thc uuthorization brisis for 
continucd low-level solid radionctivc waste disposal nuthorization pursuant to 
DOE rcquircmcnts. An RCRA facility investigation (Rn) r c p n  for M D A  C is 



. 

Multiple boreholes around und bencath the disposnl unia 
havc been instnlled nnd volntile organic compound p l u m  
monitoring hns been conductcd in accordnnce with a plan 
submittcd to the Environmcntnl Prokction Agency in  1966, 

' scheduled to bc submittcd to thc Ncw Mcxico Environmcn 
Dcpumncnt in Fivcnl Yew 1999. 

SuHace Water Assessment 

Watcnhcd: Momndad Cnnyon 

Erosion Matrix Score: Not dctermincd. 

Sudace Water Assessment 

Watershed: Pajarit0 Cnnyon 

Erosion Mntrix Scorn: Not determined 

Bcst Managcnient Practices: A silt t'cncc nssociatcd with 
TRU pad 2 was instnllcd.in Jnnunry 1995. 

MDA H 

MDA Id at TA-54 (PRS 54-004) is n fcnccd O.3-acre 
rcctmgrilnr area measuring 200 f t  by 70 ft  (60 m by 21 m) 
just inside thc western boundary of TA=SJ. Stormwiitcr 
runoff from this site cntcrs thc Pojnnto Canyon watershed. 
Ninc shnfts wcrc used for thc dispoval of classilicd wustcs 
from 1960 to 1986, Eight of  the ninc shafts nrc cnppcd by a 
3-ft (1-m) luycr o f  concrete and n 3-h (1-m) laycr or soil. 
Shaft numbcr 9 has a locked stccl platc os J cover. This 
shaft i5 olso known to contain a potentin1 volume of 990 f? 
(30 m? of Irnzrudous wwtc. The othcr eight shafts wcrc 6 ft  
(1.8 m) in diiimctcr nnd' approximately 60 it  (16 m) in 
depth for n tout dispoiral capticity o f  npproximatcly 13565 
f? (407 m'), 

Wnstc disposal logs show thnt nearly cveq  shaft rcccivcd 
thc following mntcrinls: wcupons componcnts, classified 
documcnts and paper, aluminum, plastic, stainless stccl, 
rubber, grophitc shnpcs, wcapon mockups, dcplcted 
urnnium scraps nnd classified shapes, film, prints nnd 
slides, clnssilicd shnpcs contnminored with high cxplosivcs o, and graphite rctlctor fuel rods, In addition, RCRA 
hazardous mctnls wcrc disposed of in many shafts. 

This PRS is  u SWMU listed in Module VI11 of the 
Laboratory's RCRI\ Hnrntdous Waste Facility Permit. 

RFI Status 

A Phnsc I invcstigntion was conducted in occotdancc with 
*'RFI Work Ptnn for Opcrnbtc Unit 1148." 

Surlece Water Assessment 

Watershed: Pnjnnto Canyon 

Erosion Matrix Score: Not determined 

MDA J 
MDA J nt TA-54 (PRS 54-005) is a 265=ncrc silc thnt was 
used for thc disposnl of' ndministrntivcly controlled waste 
from 1961 through 1998. Runoff from this sitc enters 
CnRndo del Buey, locutcd within the Mortandnd Canyon 

. 

, 

warcnhcd,'Thc MDA consists of four pits and two shnl'ts 
with nn  approximate wnstc cnpncity of 2,6 million ftJ 
(78,000 m3). Exiimplcs of adminisaativcfy controllcd waste 
nrc classified items such us safes with sccurcd locks, 
objects with classified shnpcs, scrnp cquipmcnt. trcntcd 
sands from biirium sund ttcntmcnt opcrations ut MDA L, 
and empty containers, Historicnlly, MDA J rcccivcd wnstc 
thnt was porcntially con[aminnted with trncc quantities of 
nonrcnctivc H1;: rcsiducs, Other wwtcs includcd nsbcstos 
and residual mounts  of haznrdous waste. Land farming 
also occurs at this sitc to biorcmcdintc pctrolcum- 
contaminated soils. 

RFI status 

MDA J is scheduled to bc closed in uccordancc with the 
New Mexico Solid Wustc Rcplations as n speciul wnstc 
landfill in Fiscnl Ycur 1999. Following closurc. MDA J 
will bc proposed for rcmoval from the HSWA module of 
the Labor:itoty'r RQ2A opcruting permit. under which the 
El? Project opcratcu. 

Sudace Water Assessment 

Wutcnhcd: Pnjnrito Cnnyon nnd Mortnndnd Cnnyon 

Erosion Matrix Score: Not dctcrmincd 

MDA L 
MDA L (PRS Jd-006) i s  n LSS=ncrc sitc uscd for Ihc 
disposal of hazardous matcriuls and liquid wustcs and the 
storagc of gas cylinders. Runoff from this site cntcrs 
Cnnada dcl Bucy. located within the Mortnndad Canyon 
watcrshcd. Since the implcmcntation of  RCRA in 1986, 
M D A  L hos bccn uscd in it, present capwily ns n slornge 
sitc for RCRA waste. polychlorinnted biphenyl wnstc, and 
somc mixed wnstc (such as lcnd contnminatcd with 
rodiation), Enrly operations occurring between about 1939 
ind 1985 included disposul of chemical w a ~ l t s  within 
d i n e d  pits iind shnfts cxcnvatcd into the mcsn, In 1986, 
much of thc prcviously uscd surlbce wen wns covered with 
nsphult to support surface structures. PRS 54-006 is R 

SWMU listed in Module VII l  of the Lbortrtory's RCRA 
hazardous waste facility permit. 

RFI Status 
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. .  
U N D F I L L  COVER AND POST-CLOSURE MONITORING DESIGNS FOR 

. .  1 1  BASELINE PLANNING 

I )  -! 

Abst fact 

Two altcrnativc landfill C O V C ~ S  arc proposcd for 3 Materials Disposal Arc3 (&IDA) using ... 
an I n t c p t c d  Risk-Bascd Approach For Landfill Cavcr Design (Figurc 1) that also t;ikcs into 
account tlic hydrologic conditions and contaminant source tcm at thc MDA. The Crushcd Tuff- 
Biointrusion Landfill Covcr will gcncnlly bc uscd for MDAs nt d q  sitcs with prc-existing slopcs 
of about 5% and with low human and ccologicd risk, whcrc t l ~ c  rclntivc impomncc of n s k s  is: 
bioinrrusion > erosion > sccpagc/intcrflow. T l~c  Capillary-Biointrusion Landfill Covcr will bc 
uscd for MDAs at sites that arc wcncr than thc prcvjous shcs and/or that havc highcr potcntinl 
human and ecological risk, whcrc thc rclativc importnncc ofrisks is: biointrusion 2 
sccpagdintcrflow > erosion. Wc havc ficld pcrformancc d:ita to scnd to hNED, EPA, and DOE 
to support thc pcrfomoncc of both of thcsc Imdfill c o w  designs from thc Protcctivc Bamcr 
Landfill Covcr Dcmonstration plots, from othcr ficld studics of cnginccrcd covcrs tcstcd ;It the 
pilot scalc and on actual w s t c  sitcs, and from natural analog studics in Pondcrosa Pinc forests 
and Pinyon-Juniper woodlmds. 

Buried Waste 

Plant Burrowing Soil Sediment Seepage, 
Uptake Animals Erosion ~ T ~ f l  i n c w  

Seepage 
Pathway Pathway 

M VI 

L) II 
Biointrusion Erosion 

* iV 
Pathway 

1 Risk Analysis I 

I Landfill Cover Design I 
Figure 1. Intcgmtcd Risk-Bnscd Approach For Landfill Covcr Design, 
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A. Introduction 

develop conccptual landfill cover designs, Bascd on previous risk assessment studies of MI>& 
(Gnllcgos et al,, 1975; Gallcgos and Johnson, 1976; Hanson and Rodgcrs, 1983; Walker ct 01.. 
198 1 ; Wicclcr et 01.. 1977) and the Puformancc Asscssmcnt and Composite Analysis for Lo$ 
Alamos ?Mona1 Laboratory Matcriol Disposal Arcn G (Hollis et a],, 1997), threc primary risk 
pathways of concan for COVC~S arc considcrcd: bioinmsion, crosion, and sccpagc. The options 
associated with mitigating each risk pathway (e.g., optiondtools for biointmsion risk pathway 
that might include p v c l ,  fcncc for gophcrs, ctc.) arc thcn discusscd, as wcll os the problcms 
associated with cnch option, and n rccommcndcd approach, This analysis, along with results of 
previous npplicd rcsenrch on cnginccred covers, on covers crnplaccd at actual waste sites, and 
notllr;ll analog studies, xsults in proposcd 1;rndfiIl cover designs, Since the ERProjcct has not 
cornplctcd sitc cbmctcnzation, modcling, and risk asscssmcnt at each MDA, important 
assumptions madc in gcncrating these conceptual landfill cover designs art given hcrcin. 

An Intcgratcd Risk-Bascd Approach For Landfill Covcr Design (Figure 1) is uscd to 
' 

B.. Scopc of Study 
Although current Environmcntual Restontion Project activities are limited to only a few 

MDAs, tlicrc arc scvcnl other PRSs where landfill covcrs and pQSt-ChSWC monitoring cithcr 
will or might bc rcquircd in thc rcmediation of the site. This study was performed to support a 
specific rcqucst to provide technical justification for dcsigns of lundfill covcrs and post-closure 
monitoring systems to bc used at LAhJI, MDAs, Morc specifically, thcst covcr designs arc 
intcndcd to apply to MDAs such as tliosc at LAVL Tccllnical Arcas 2 1,S4,50/5 1, and 49. 
Given the Environmcntnl Scicncc Group's cxpcnrnent;ll ond nutun1 analog surface proccsscs 
pilot studies d m  and awilablc applied research data for semiarid sites, thcsc m the cover 
designs suggested for use at LANL MDAs. This document scrvcs as thc tcchnical basis for thc 
Environmental Rcstorntion (;Eli) Project landfill cover cost estimates for MDAs. 

C. Gcncral Assumptions Madc in Devcloping Dcsigns 
The conceptual designs in this document arc bnscd on the best avnilablc data at this timc. 

Assumptions made in dcvcloping the conceptual designs arc givcn bclow. As more detailed site 
chxactcrimtion occurs at the MDAs, and as our understanding of surface proccsscs improves, 
thc assumptions andlor conccptunl dcsips  may need to bc revised. Zf an MDA docs not match 
thc assumptions below, it will necd to be reassessed. 

Thc following arc gcneral assumptions madc in this document: 
It is assumcd that the proposed cover designs hcrcin are placed directly on the waste. Covers 
may currently be in placc on some MDAs, and this may affect find COVY design for P givcn 
MDA, Howcvcr, this will necd to be nssesscd on a case Isy case basis, 
Idcally, one would apply a formal, sitc-specific risk assessment to a given MDA, using sitc 
d1mctcriz3tion data (defining nature and extent of contamination) and modcling, evaluate 
311 of thc remedintion options to reduce thc risk and then cvaluatc thc most cost-cfkctivc 
remediation option to rcducc this risk. This formal proccss was not within the scope of this 
document and is currently still in various stages of completion within thc ER Project for 
various sites, These MDA-specific analyses may result in modifications to the conceptuual 

4 



d c s i p s  proposcd hcrcin; howcvcr, thc conccprual dcsigns l~crcin arc assumed to bc 
rcasonablc for thc majority of MDAs at this time. 
This documcnt provides inlbrmation on monitoring to dcteminc if the cnginccrcd landfill 
covcr design is pcrforming to design cxpcctations. I t  docs not provide information on 
monitoring for contaminant migration below thc landfill cover. 
It is assumed that institutional controls (or ultimate mnsfcr to thc institutional survcillancc 
program) will maintain thc covcrs, 3s they will bc cmploycd. This rncnns a pass-gpvcl 
rnuIch covcr will be maintained on thc landfill, and that growt11 of woody vcgcration and any 
succession cliongcs will bc prcvcntcd. 
The time framc ovcr which the COVCT or monitoring cquipmcnt must last is unknow., 
Natural matcnals arc uscd in tlic ltlndfill covcr dcsign to moximizc thc covcr's dcsign lifc. 
No assumptions arc mtdc with rcgard to possiblc rcplaccmcnt timc frarncs for cithcr covcr 
components or moniton'ng cquipmcnt. The covcr dcsign providcs somc redundancy in terms 
of important risk pathway conccrns (c.g.. multiplc laycrs of diffcrcnt mntcrirrls) which should 
help mitigate this issue. 
It is assumed th3t thc landfill cover rcduccs thc toul cxtcrnnl radiation dosc to any potcntinl 
rcccptors on thc landfill surfncc to an acccptablc lcvcl. 

0. Previous Assessments of Risk at LANL MDAs 

(1) Early Risk Studies 
Scvcral risk analyses havc bccn madc bctwccn 1975 2nd 1983 of n numbcr of norural 

phenomena which could rcsult in thc rclcasc ofplutonium from rndioactivc wastes buricd at thc 
Los Alamos Xationnl Laboratory (Gnllcgos ct al., 1975; Gnllcgos and Johnson, 1976; Hanson 
and Rodgcrs, 1953: Walkcr ct d., 19s 1 : Wicclcr ct P I . ,  1977). Background information 
conccrning thc history and prtlcticc of radioactive wastc disposrrl at LPYVL is provided in thcsc 
modcling studies. The potcntial impact of buricd radioactivc wastes on the cnvironmcnt is 
nddrcsscd through thc mcclianisms and rates by which t l ~ c  radionuclides can cntcr the 
cnvironrncnt. Only mccllnnisms indcpcndcnt of liumnn activity arc considcrcd and arc divided 
into two C ~ ~ S S C S ,  acutc and chronic. The scutc rclcaic rncchanisms considcrcd arc carthquakcs, 
mcteoritc impacts, iind tornodocs, which havc bccn rypificd (Whcclcr et ai., 1977) by low 
O C C U I T C ~ C C  probabilities (1 0" to 1 O"/y-r). Tlic chronic mcclianisms that Imvc bccn considcrcd arc 
rclcasc through upukc by plant roots, exposure by soil crosion, and tnnsport by soil vmtcr, 
which wc will cover in this rcport in thc ncxt thrcc subscctions. 

Thc rates of upukc by plant roots, soil erosion and transport by soil water arc low, but 
may result in radionuclidc rclcasc ovcr long timc pcriods. TIC analysis of uptakc by plant roots 
was mndc using 3n cnvironmcntnl model, BlOTRAN and B1OTWGV.2 (Gntlcgos et ale, 19SO). 

Somc of thc conclusions rcnchcd in thcsc studies can bc sumrnerizcd as: 
For scvcral simulations a pit at MDA-G w3,c nssumcd to havc a uniform plutonium 

concentration of' 10 nCi/g, covcrcd by II 1.5-rn-thick horizon of clean backfillcd soil. The only 
m a n s  for rndionuclidc rclcasc considcrcd in thcsc scenarios is upukc by plant roots, with 
transfer to abovcgound biomass and subscqucnt movcrncnt to tlic surfacc soils via humus decay. 

S 
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In simulations of a Pinyon-Juniper woodland over MDA-G, topsoil concentrations incrcscd 
to about S Xi/g after SO00 yr. Thus, the plutonium conccntriition in the soil dircctly over thc 
burial grounds may be cxpected to about double, over that pcnod of time, due to plant mot 
penetration of the wastc, 
T h e  crosion n t c  for thc mesa tops hu bccn estimatcd using thc age of the volcanic tuff a,s 

determined by ndiodnting, and the estimated original thickness of the ash flow. On this basis, 
the vcrtical crosion mtc at MDA-G has been estimated as 2 2  ad1000 yr (Wcclcr ct al,, 1977) 

Determination of thc width and agc of canyon systems 1c;rds to M cstimatcd loten1 erosion rate 
of 10 Cm/lOOO p. 

Thc two prcccding crosional processes will cvposc the surface of buricd waste matcrial in 
npproximatcly 50 000 yr; during thc following 100 000 yr, opproximntcly 2 m of waste will bc 
removed, at which time Intcnl erosion of thc mes;is will cxposc the wastes in thc trcnchcs closcst 
to the m y o n  rim. - Plutonium conccnmtions, as estimated for thc preceding 50,000 yr pcnod, are above lcvcls 
currcntly used as contamination guidtlincs, and, by present practice, would require somc form of 
area control. 

An estimatcd water movemcnt rate of 1.2 c d y r  \vas used in mmy of thcsc simulations, with a 
p~utoniwn mip t ion  rate of2 x 10' cm/yr. 

In cffcct, thcsc cnlculations indicate that plutonium will not migrate from its prcscnt location 
within the waste pits on 3 time scnlc that is long compared with the 24,000 yr half-life of 
plutonium, 

(2) Pcrformnncc Asscasmcnt and Cornpositc Annlysis for MDA-G 
Thc sourcc term for thc Compositc Analysis (CA) included the Pcrformmcc Asscssmcnt 

(PA) inventory, plus waste disposed of btforc Septembcr 26,1988 at MDA-G (Hollis ct at., 
1997). The performnncc objective for thc CA is n maximum dosc of 100 mdy to a fUtu.x 
member of the public from all cxposurc pathways, The results of thc CA arc quditativcly similar 
to the results of h e  PA, with air-pathway doses associatcd with tbc biotic-intrusion sourcc term 
being dominant. Cumulative air pathway doses were calculated in Cdada del Buey and White 
Rock, and cumulative dI-pathway doses wcwprojcctcd at the location of max.imum pundwatcr 
concentration downpdicnt  of MDA-G and in PajEVito Canyon. 

Since this PA was wri'ttcn so cloqucntly, wc decided that tllrcc quowtions h m  the PA 

(I) ' T w o  mechanisms of rclcasc wcrc considcrcd in the source-term modeling for the 

would sufficc to communicate infom;ltion pertaining to thc bioinausion, sccpagdhtcrflow, and 
erosion risk pathways: 

air pnthivhy analysis: the diffision of mdioactivc sxcs fiom waste, and the resuspension 
of contamination msportcd to the surfacc by plants and burrowing animals. Potcndally 
imponant uncertaintics in thc air-pathway sourcc term analyses arc discussed below. 

Potcntinlly important sources of uncertainty in thc biotic intrusion sourcc rclcasc model 
rclatc to whether plants or animals arc rcsponsiblc for thc tnnslocation. For the ndioactinidcs 
responsible for thc majority of the air-pathway dose, burrowing animals wen the primary 
tnnsport vectors. As modeled, the projected rclcascs of radioactivity due to the intrusion of 
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animals dcpcnd upon the burrow distributions and thc dcnsitics of'thc burrows at the sitc. Thc 
sourcc-rclcasc rnodcl was boscd on a burrow distribution rcprcscnutivc of the pocket mouse. The 
burrow characteristics of this specks wcrc uscd to estimate thosc of thc dccr mouse, a spucics of 
I;moll mammal commonly obscrvxl at M D A  G. Burrow dcnsitics uscd in thc rnodcl wcrc 
consistent with dcnsitics obscrvcd for dccr mice. In thc basc case, the dcpth of burrowing was 2 
m (66 fi), with I O  pcrccnt of tlic burrows nssumcd to occur below a dcpth of 1 m (3.3 ft), Dccpcr 
and morc cxtensivc burrowing cxamincd as an cxtrcmc casc rcsultcd in contamination !evcls 
almost 3 times gentcr thin tlic basc casc," (from scction 4.3.2.1 , Air Pnlhwny) 

(2) ' In the groundwater protection nnirlysis, radioactivity dissolved from thc surface of wnstc 
into watcr pcrcoln ting through fh~. disposal units was transported both vcrtically and latcrally 
tlvough thc vadosc zone. Radioactivity transponcd vcrtically followcd II straight-down path into 
thc rcgionnl aquifcr, whilc radioacrivity transport-cd latcrally w3s instantaneously rinsed from 
tlic nicsa cdgc into thc alluvial systcrn into the canyon and thcn transponcd down to tlic regional 
aquifer. Oncc reaching the rcgionnl aquifer. thc vcrtically-emsported radioactivity was 
transported within thc srrtumtcd zonc to a downgradient rcceplor well; Iatcrally.~~nspor~cd 
radioactivity was nssumcd to bc acccsscd by a supply wcll dircctly bcncatli the Pajxito Canyon 
rcccptor location. Important factors in cvaluating compliancc with tlx poundwatcr protcction 
pcrfoimmct objective rclntc to the timc rcquircd for radioactivity to rcnch thc rcccptor wcll, and 
thc conccntrotion of radioactivity at thc location of thc rcccptor wctl. 

Radionuclidc Vrrvcl timc is a function of thc goundwntcr travcl timc, tlic sorption 
bchavior of the contaminants, and the dcgrcc of dilution that occurs in thc rcgional aquifer. 
Unccrtaintics in sorption u c  not important, since nonc of thc radionuclidcs contributing to the 
drinking-water dosc wcrc sorbcd within the vcldosc zonc, Unccnainties in groundwatcr travcl 
timc, or recharge, and aquifcr dilution arc rccopizcd and havc an cffect on the goundwatcr 
pathway analysis. 

percolating through thc disposal sitc and to thc hydraulic conductivitics 2nd rnoisturc retcntion 
chnnctcnstics ofthc vodosc zonc. As rcportcd in Appcndix 3g, goundwatcr tmvcl timcs were 
affected by only about 25 pcrccnt to unccnajn-rics in hydraulic conductivity. Larger diffcrcnccs 
wcrc found whcn cxtrcmc flow fields wcrc considcrcd. To bound thc uncertainty in thc bnsc-casc 
flow ficld, :I sct of high-flow and low-flow boundary conditions wcrt considered in tlic vadosc 
zonc transport calculations. Tlic high-flow casc modclcd infi!tration n tcs  of 10 m d y c a r  (0.4 
idycnr) atop Mcsita dcl Bucy, 5 rrun/yr (0.2 inlycnr) in Ceiiad3 dcl Bucy, and 100 m m / y e s  (0'2 
and 4 idycar) in Pajarito Canyon; thc low-flow casc modclcd r a m  of 1, 1, and 20 m d y e a r  
(0,04,0.04, and 0.S idycnr) at thc top of thc mcsa, in Cafindn dcl Bucy, and in Pajarito Canyon, 
rcspcctivcly. Thc high-flow casc rcsultcd in crvlicr and Iwgcr fluxcs to thc regional aquifcr for 
both latcnl and vcrtica! transport, whilc the low-flow casc rcsultcd in later and smailcr fluxcs. 
Compared with the basc-casc pcak flux at 2.500 ycars and 600 y c m  for vcrticcll ond I3teml-thcn- 
vcdcnl goundwatcr flux to the snturatcd zonc, breakthrough occurred at about 1.000 and 300 
ycm,  rcspcctively. 

the mesa o v a  10,000 yem is approximately 30 pcrccnt of the mass discharged to the nquifcr. 
Bnscd on thcsc results, doses rcccivcd by thc rcccptor located cast-southeat of Arco G would be 

Groundwater travel timcs in tlic unsaturatcd zonc arc proportional to the amount of watcr 

Groundwatcr simulations indicate that thc total mass of contamination exiting thc sides of 

7 



no more than 30 percent grcater if all contamination wcrc transported vertically to the rcgional 
aquifer.'" (From section 4.3.3.2, Groundwatcr Protcction) 

(3) 
pathway cnvitonmcntd transport. In addition, unccrtaintics in sediment trrvlsport of surface 
contamination into Pajarito Canyon also apply, as do unccrtainties in factors related to 
contnmination of foodstuffs due to radionuclides prcscnt in imgntion water. 

water balancc model was used to transport contamination from thc surface ofMesita del Bucy 
into P3jxit0 Canyon in the all-pathways analysis. This erosion ntc has a sundard deviation of 
about 1 x 10" m/ year (3,3 x 10" Wycu), and a mmimum valuc of almost 5 x 
1 Od Wycar). Based on thcsc statistics, the actual erosion ntc would bc cxpectcd to 
fall within an ordcr of magnitude of thc mcna mtc, Hcncc, doscs to thc canyon rcsidcnt 
would inacme by 10 timcs or less due to crrors in the erosion rate cstimatc. 

dispcrsc over an area that is cquivnlcnt to thc area of contamination on the mcsn. In actuality, 
rclativcly high contaminant concentrations arc cxpcctcd to occur in local depressions where 
surface m o f f  coIlccts, while little or no contamination may occur in othcr mu. Though the 
actunl distribution of contamination across the landscape will influence the projected cxposurcs 
for thc canyon rcsidcnt, it is not readily projected, Conscqucntly, the error inmduced by this 
sourcc of uncertainty was not considered furthcr in the scnsitjvity and unccrhnty analysis. 

15 cm (6 in) over thc resident's entirc lot. This dcpth is expected to be rcasonabk for &c 
individual's garden, but may ovcrcstimatc the mixing dcpth over the rcrnrrindcr of the lot and 
therefore, radionuclide conccntmtions in surf;cc soil. Undcr worst-case conditions, howcvcr, 
rcduced mixing dcpths will result in no morc thw a tcn-fold incrctlsc in thc projcctcd doscs, 

The food crops considcrcd in thc all-pnthways analysis wcrc assumcd to bc contaminated 
by mdioactivity deposited on plmt surfaccs during i~igation, os D result of ninSplash, and by 
root uptake of connmination in water reaching thc ground, All radioactivity deposited on plants 
was assumcd to bc mnsferrcd to t l~c cdiblc portions of leafy vcgctables grown by thc resident, 
while 10 percent of thc activity deposited on protcctcd produce, fruit, and p i n  was assumcd to 
be nssimilatcd into thc edible portion. Modcmtc increases in thc translocation factor for protected 
produce, fruit, and p i n  w i l l  have limited impacts on thc projcctcd ingestion dosess, ghcn thc 
small contribution h a t  contamination dcpositcd directly on the plants makes to thc peak 
projccted doscs, For example, a five-fold increase in the translocation factor for non-leafy 
vcgctablcs results in food pathway doscs thar arc about 20 percent greater than those projected 
for the nominal case. The amount of radioactivity initially retained by a plant during irrigation 
and the ntc at which it is wcathercd &om plant surfaccs arc not easily qumtificd, The fraction of 
activity initinlly retained wilt dcpend Ixgely upon the ntc at which water is applied to the crops 
and the morphology of thc plants, The ntc of weathering will vary with meteordogicrrl 
conditions nt the site and chmctcristics of the food crops. While t l ~ c  magnitude of the mor 
introduced by thac unccrtaintics is unknown, it is not expcctcd to bc dpificant 

The root uptake pathway was tlie more significant of the three, accounting for more than 
$5 percent of the dose projected for the food ingestion pathway, The soil concentrations of ''C, 
*Tc, and I due to irrigation arc c~pectcd to bc overestimated by thc models used in thc dose 
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""hc uncertainties discusscd above for the groundwater pa9way analysis apply to all- 

Thc mcm crosion ratc of 4.0 x 10" d y c u  (1,; x 10.* Wycnr) calculnted in a surface- 

&year (1,6 x 

Radioactivity tmsportcd into the canyons by surfacc moff was assumed to uniformly 

Tlic contamination transported to tbc canyon floor was assumed to bc mixed to a depth of 



asscssmcnt. A soil buildup time of 15 years was nssumcd to apply to ail radionuclides in 
irrigation watcr, Whilc accounting for build-up may bc appropnatc Cor ndionuclidcs that sorb to 
soils, thesc highly mobile r~dionuclides will tend to bc transported downward with water 
pmcolating through thc garden. As thc contamination is tinscd from tlic soils, it will bccomc 
unavailablc for root uptakc by plants, Under thcsc conditions, thc plant ndionuclidc 
conccntmtiens of '*C and *Tc would be 19 and 16 pcrccnt, rcspcctivcly, of the projcctcd valucs, 
Conccntmtians of lz9X would bc about SO pcrccnt of thc modclcd V ~ U C S .  

Thc uptakc factors uscd in thc dosc asscssmmt for 14C and gQTc both cxcccd 1 .O, 
indicating pfnnt radionuclide conccntrations cxcccding thosc obscrvcd in soils. Modcntcly 
highcr uptakc factors for thcsc ndionuclidcs (c,g., 2 timcs thc nominal valucs) would result in 
food pathwiy doscs that arc almost 2 timcs highcr than projcctcd. However, thcsc higher doscs 
would incrcasc thc'pcak sccnario doscs by lcss than 20 pcrccnt. The upQkc factors for 
nccd to incrcnsc by IO0 timcs or more to havc siplificmt cffccts on thc pcak. 

dircctly from tllc irrigation wntcr are a function of the amount of water applied to the crops, crop 
yiclds, thc p h n t  trans1oc;ition factor, tlic fraction of thc radioactivity dcpositcd on the plant that 
is initially rctaincd, and thc ratc at which radioactivity dcpositcd on plant surf'nccs is  removcd 
due to wca~herjng, Thc amount of watcr that w3s assumed to bc applicd to thc crops is based on 
infonnatioc for thc scoter  Los Alamos arm and, as such, is cxpcctcd to reasonably approximate 
the amount of watcr npplicd to food crops. WhiIc ratcs of waicr application could vary for shon 
pcriods, the total amount of watcr applicd to thc crops O V C ~  tlic course of a gowing season is not 
cxpcctcd to change substantially," (from scctior. 4.3.3.2, All Pathways) 

would 

Thc plant radionuclide conccntrations resulting from t l~c  assimilation of radioactivity 

E. Major Risk Pathways 

to cvaluatc thc biointrusion, crosion, and sccpngc/intcrflow risk pathways, 
From thc studics of thc asscssmcnt of risk discusscd in the prcvious scction, wc dccidcd 

(1) Bioi n ttu s i o n P 3 t h w a y 
Although vcgctation is important in controlling crosion and pcrcolation (t-lakonson ct 31,, 

19$4), dccp-rootcd plants can acccss buricd rndionuclidcs and bring tlicm to the surfacc of thc 
sitc (Wenzcl et a],, 1987). Radionuclidcs in plant tissuc can be transportcd through thc food chain 
to man by herbivores or nectar-collccting organisms such as honcybccs. At Los Ahnos, New 
Mcxico, one of thc pathways of tritium transport away from a controllcd low-lcvcl wnstc site is 
via the soil moisturdplant ncctarhoncybcchoney patliway (Wakonson and Bostick, 1976): 
however, r.idintion doses to humans who might consumc this honcy arc very small. Likcwisc, 
mrnblcwccds gowing on low-lcvcl wastc sites arc cffcctivc in aansporting 9-90  to thc ground 
surf'acc at I-hriford, Washington (Kieppcr, et al,, 1979). 

Thc rolc of animal burrowing in mobilizing buricd wastc is gcnenlly unkn~wn.  A limitcd 
data basc (I-Iakonson, ct al., 1952; O'Fancll and Gilbert, 1975; Winsor and Whickcr, 1980: 
Arthur and Mrukham, 1953) dcmonstratcs that burrowing animals can transport ndionuclidcs 
vcnically in thc soil profilc and may also influcncc water bnlancc and crosion by changing thc 
physical clianctcristics (ix. porosity, water holding capacity) of surface and subsurEacc soils, 
Trench c o w s  are disturbcd soil systems, oftcn looscly compactcd, and arc easily invaded by 
plmts and rrnimrrls, Burrowing animals usc the void spaccs Icft nftcr trcnch backfilling as natural 
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tunnels and nesting sites (Connolly and Londstrom,l969: Anhur and Markhom,l9$3: Hakonson 
ct nl., 1999). 

Burrowing activities by animals play an i rnpomt  role in chcmicol cycling in the sail 
profilc. The vertical transport of Fc, Sc, Al, Co, Mg, U, Rn, and Th from deep soil luycrs to the 
surf3cc by the mechanical action of rodents (Abnturov, 1972; Mnslov, et ol,, 1967) has givcn rise 
to the statement that bwowing rodents scme as nutrient pumps that bring materials to thc soil 
.surface for wcathcrhg (Chcw, 1974:Chcw,1976). As mentioned bcforc, soil nnd chemicals 
brought to the surf'acc arc more rcadily available for rcsuspcnsion and transport into biological 
pathwnys by physical processes. 

It is i m p o m t  to prevent b u n d  w s t c  from reaching thc ground surface. Radionuclidcs 
buried below tbc ground surfacc can be nbsorbcd by plant roots and dcpositcd in abovepound 
plant tissuc. Wowcvu, wlicn the rzldionuclidcs YE prcscnt on the soil surface, as is the case at 
scvcnl wnstc sitcs, physical resuspcnsion of soil paniclcs (cspccially the clays) by wind and 
watcrcm deposit contaminatcd soil particles on plant s d a c e s  (ix., ICWCS, s tem,  m d  fruiting 
bodies; Dreiccr, ct nl., 19S4). Field studies (Wattcrs, et a]., 19SO; Hakonson ondNyhan, 19SO) 
with plutonium, ns well as other radionuclides show that for cvvy picocUric taken up through 
plant roots, at least 10 (and oftcn I00 to 1000) picocurics can be deposited in association with 
soi1 particlcs on foliage s u f ~ c s ,  Of course, most herbivores consumc those radionuclides 
whcthcr thcy arc on or in the plant, Evcn in humans, who usually wash vcgctnblcs bcforc 
consumption, as much as 50% of the ndionuelidc intake from consuming certain garden 
vcgctablcs may be from very small soil particlcs, such as clays, that arc not removed fiom crop 
sufaces by standard l~ouschold food washing proccdurcs (White, ct id., 1981). 

Thc results of a study at MDA-13 also offer insight into the biointrvsion pathway rclatc to 
plant succession and the ovcrall impact of time on bidintrusion proccsscs. This landfill that had 
been covcrcd with about 90 cm of topsoil and had becn closcd for 34 y c m ,  when it wrr~ found to 
htlvc a number of trcc and shrub specics gowing on the cover, with some trccs ~00thg directly 
into wu tc  marerial (Wenzcl ct al., 1987). Pocket gophers had also exposed waste material. 
Whilc MDA-B (closcd in 194s) did not include thc Iincr and cover tccholom rcquired today, its 
condition shows that a variety of woody, dccp-rooted spccics can be expected to appcu on 
lrvldfill covers within 30 ycm. The cover d c s i p  choscn may influcncc the rclativc proportions 
of hcrbaccous plmts, shallow-roottd woody plants, xnd dccpcr-rooted woody plants that will 
coexist at n site (Breshcm and Barnes, 1999), which a r t  Iikcly to differ in ability to peaetmtc 
IandfiIl covers (Reynolds, 1990). 

. 

Whik plants CM mobilize buried wastc, they also play an atrcmcly important role h 
water balance. In m'd/scmiarid climntes, plants may m s p i r c  from 65-1 00% of the annual 
precipitation (Sayton, 1982: Fedcrcr, 1975). This means that very little soil watcr may be 
available for pcrcolation below thc root zone. While trcc and shrub roots particularly may pose n 
threat to the integrity of landfill covers, many woody cvcrpcen specics also are able to remove 
soil water throughout the year. For cxnmple, many of the landfill sitcs at Los AImos arc 
situated within pifion-juaipcr (Pinus edulisJuniperus monospcrma) woodlands. Both of these 
both P. cdulis and J, monospcrma transpire throughout the winter (Breshcm, 1993), when 8 
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significant proportion of thc annual precipitation at Los Alnmos occurs and fluctuating 
tcmpcrnturcs c:m rcsult in saturntcd soils as a rcsult of snowmclt. T h e  scncsccnt hcrbaccous 
species cannot rumovc this cxccss soil water, but P. edufis and J. monospermu can hclp dry the 
topsoil during this pcriod and prcvcnt satuntcd conditions that could lcad to scepagc through the 
cover. Thus, thcsc woody species can hclp minimizc sccpagc through buried waste. 

The d m  from thcsc studics Iiavc hclpcd us conccp:ptualizc tlic long-tcnn pcrformancc of 
landfill C O V C ~ S  in scrniand rcgions. Tlic pcrformancc o f 3  landfill covcr is dcpcndcnt on both thc 
cnginccring factors that form the basis of thc initial covcr and thc cnvironmcntal factors that 
affect thc covcr through tirnc, With timc, wc cxpcct an incrcasc in the rclativc importance of 
cnvironmcntal factors in determining cover pcrfomiancc, whilc thc relative importance of 
cnginccrjng factors should dccrcasc, 3s discusscd by Sutm ct 01. (I 993). Tlx exact shapc of thc 
CUNCS will of coursc dcpcnd on thc covcr dcsign and local climntc. For a convcntionnl design at 
Los Alamos, WE can cstimatc somc timc points along the curvc. Initial conditions arc for cover 
pcrfsmancc arc prcscntcd by Syhan ct 31, (1990), dcmonstroting that thc covcrs rcmaincd intact 
over in thc first thrcc y c m  following installation. Nyhan et 31. (1990), howcvm, did notc the 
importnnt influcncc of plant community composition on watcr balmcc, u havc othcrs (c.g,, 
Andcrson ct al,, 1993; Nylinn ct nl,, 1935). Tlic rcsults of thc cuncnt 1TP snidy (Davenport et al, 
1999) indicatc that tlic landfill covers Iargcly rcmaincd intact d t c r  morc than a dccadc, although 
thcrc was curtainly cvidcncc of landfill-covcr dctcrioration (cas,. high infilmtion duc to enimnl 
burrowing). Thc study of Wcnzcl ct a1. (1 9S7) on 3 similar covcr dcsign at Los Alamos shows 
brcakdown of thc covcr and dominnncc of cnvironmcntal proccsscs in dctcrmining landfill-covcr 
pcrformancc in lcss than 35 ycars. As studics of landfill-cover pcrfonnancc for p&ods of n 
century or Iongcr ~ T C  lacking, wc h3vc bccn conducting studics of cnvironmcntnl in "nan)r31" 
ccosystcms; thcsc studics scmc 3s long-tcrm analogucs for landfill pcrfommcc, at which timc 
wc cxpcct cnvironmcntd proccsscs will Iargcly dctcrminc landfill covcr. 

Although burrowing animals can gain acccss and transport wastc to the ground surfacc, 
lcss obvious infractions with the covcr and ucnch backfill may be of greater importance. For 
cxarnplc, pockct gophcrs inl~abiting a low-lcvcl wastc sitc at Los Ahmos cxcavatcd about 12,000 
kg of soil pcr ha from n trcnch cover during a I-ycar pcriod (Flakonson et nl,, 1982) 
Displaccmcnt of that amount of soil crcatcd about S rn3 of void spncc in thc cover or about 2800 
rn of tunncl systcm. In thc ctlsc of the fjeld studies of thc Intcgatcd Tcst Plots (XTP), 3 single 
pockct goplw burrow incrcnscd thc infiltration capacity of a covcr by ncarly an ordcr of 
magnitude, and movcd pondcd water (analogous to an intcnsc tliundcrstonn or rapid snowmelt) 
rapidly into the instaltcd covcr. 0 th  work at this sitc has shown that pockct gopliers can 
incrcasc jnfiltntion rates by 200-300% (Wakonson, 1998). Pockct gophcrs and othcr small 
mammals can displacc largc amounts of soil (Cox, 1990; Spcnccr ct al., 1985; Hakonson c t  nl., 
1982; Miclkc, 19771, translocating it to thc soil surface (Gomlcs et 01.. 1995; Arthur et a],, 
1987: OTnrrel and Gilbm, 1975; Schuman and Whicker, 1956; Winsor and Whickcr 1980). 
Thercfore biobarriers, such as ow govcl  and cobblc laycrs or gravel incorporated into thc 
topsoil, may be csscntial to evcn thc short-tcrm succcss of any cover design. Soil disnvbancc of 3 
similar or pcatcr msgnirudc, caused by burrowing animals, has bccn documcntcd in many parts 
of thc Western US (Gundcrson, 1976; Ellison, 1946; Tliorpc, 1949; Hoover, 1971). 



Our studies of "natural" ccosystcms havc yielded many important insights into thc 
pcrformmce of landfill-covers OVQ periods of dccadcs, ccnnuics, or longer and associated 
potential problems. Hcrc wc highlight threc cxtlmplcs. Runoff in semiarid woodlands may bc 
low when vcgetation cover is high (IVilcox, 1994), but rapid changes in vcgctation in response to 
climatc can gcatly incrcac erosion mtc5 (WiIcox ct aL, 1996; Davenport et al., 1998; Allen and 
Brcshcm, 199s). Tree roots pcnctrating clay layers can gcncntc large amounts of intcrflow 
(subsurfacc hteral flow ofwater-Wilcox, ct al. 1997: Nrwman ct a1,: 199S), which can affect 
landfill pcrformmcc substantially (Wilcox and Breshcm, 1997). Thc propomom of herbaceous 
and woody plants have M impomnt cffcct on spatial variability in fluxcs of wntcr md cncrgy 
(Brcshcm et d., 1997b, 199S), and thcsc proportions can be influcnced by landfill covcr designs 
factors that influcncc the vertical distribution of soil moisture (Mru~cns et al., 1907; Brcshcars ct 
nl., 1997a; Brcshem and B m c s  1999). Collectivcly thcsc studics highlight tbc i m p o m c c  of 
intcpating an understanding of basic environmental processes with engineering factors into 
Imndfilleovcr design. In conclusion, tlic results that w c  repon hcrc providc an important stcp in 
cxtcnding the evaluation of landfill covm from thc first initial years to periods of decades or 
longer over which landfill covers must perform to minimkc risks to human health m d  thc 
cnvironmcnt. 

Tunnel systems created by pocket gophers in Colorado have bccn shown to increase mtcs 
of water infiltration (by dccrcasing soil bulk density) into the soil profile by a factor of o ~ o  over 
similar but undisturbed profilcs (Grant, 1974; Hanson and Morris, 196s). Compared with 
undisturbed vcgctatcd soil surfaces, soil cast to thc sufacc by burrowing activity may bc subjcct 
to accclcrstcd erosion (Ellison, 1946). 

Burrowing animals may geatly alter the integrity of cnginccrcd, multilaycrcd soil 
profiles by pcncmring through such profiles and/or by v~rt icdly displacing the laycrs, In native 
ranges, under high population dcnsitics pockct gophers arc estimated to turn over 1S% to 22% of 
thc soil nclv the surf0cc in a single ycar (Thorpe, 1949; Hoover, 1971). 

Operating espcrkncc at the I 1 LLW sitcs in the United States suggcsts that m a y  of thc 
short tcnn problems that relate to radionuclidc transport often do not involve ground water and 
invariably involve intcnctions that occur with the trench cap, Those intmctions, which involve 
both water and biota, arc not we11 undcrstood, pm'cululy the rolc that plants and animals play in 
modifying watcr balance in thc cap and the importance of bioIogicnl intmsion into the waste as II 
radionuclidc m s p o r t  pnthway. Few comprchcnsivc, long-tcrm pathway tlnalyscs havc bccn 
attempted to dctcrminc the rclativc importance of subsurface and surface ptoccss~s in 
m s p o h n g  U W  to mu, Undcr a Iiomc farm scenario, where a family living on an abandoned 
low-lcvcl waste site at Sovmah Rivcr Labontory dcrivcd most of their food and watcr from the 
sitc, model calculations suggest that uptake of Sr-90 by cereal p i n s  provided the most 
significant, albeit vcry low, dose to the family (KingJ9S2). 

The potential sipificmcc of thc biological transport of buried waste in contributing to 
human cxposurc to radiation was further explored for both arid and humid sitc conditions 
(McKcnzic, et al,, 19S2; McKcntit et aI., 19S4) and compnrcd with dose cstimatcs based on 
scvcnl human intrusion sccnwios (1s established by the US Nuclear Regulatory Commission 



OJSNRC, 19S1). Results of thc simulation study demonstratcd that biological transport 
processcs involving both plants and burrowing animals rcsultcd in human cxposurcs 100 years 
aftcr sitc closurc that wcrc about 50% of thosc calculated for thc humnn intrusion sccnanos. 
Despite the unccmintics associatcd with the dosc estimates for all of thc scen3Tios, thc smdy 
suggcstcd that dismissal of biological transport as a significant contributing factor in radiation 
exposures to humans is unsupportablc with cumnt knowledgc. 

(2) Erosion Pathway 
Watcrshcd crosion is described in tcrms of proccsscs occurring on upland arcas. in small 

~ 
stTcam channcls, and ovcr cntirc watcrshcds. A basic source documcnt for tlicsc conccpts is n 
book cntitlcd Thc Fluviul Systcm (Schumm, 1977). An idealized fluvial systcm is described 3s 
consisting of Zonc I-thc drainage basin as a scdimcnt and runoff sourcc, Zonc 2-thc main 
river chnnncls as 3 transfer component, and Zonc 3-thc alluvid fans, dclus, ctc., as zoncs of 
dcposition, Funhcr claboration on thcsc concepts is givcn by Sdiumm ( 1977) and in an 
American Socicty of Civil Engincers Task Committee Report (ASCE , 1982). Thc cmphnsis 
Iicrc is on Schumm's Zonc 1 as furthcr divided into upland arcas and small stream chnmcls. 
Considered togcthcr, tbcy form the watcrshcd. Bccausc of thc cnginecrcd fcanrres of SLB 
systems, usual design and construction tcclmiqucs placc SLB facilities in upland areas, which 3TC 
configured to minimize surfacc runoff flow concentration and the rcsulting channcl erosion, 
Thcrcforc, discussions hcrcin arc limitcd to upland arcas that arc subjcct to ovcrland flow and 
interrill and 1-21 crosion proccsscs. 

Scdimcnt yicld from upland arcas is simply thc final and nct TCSUh of dctachmcnt, 
transport, and dcposition proccsscs occurrhg from thc wntcrshcd dividc to thc point of intcrcst 
whcrc scdimcnt yicld infomation is  nccdcd. Dcpcnding on tlic scalc of investigation and 
definition of thc problcm, this point of intcrcst can bc a position on B hillslope, a property 
boundary at 3 SLB sitc, thc cdgc of a farm ficld, dclivcry point to ;I strcam channcl, or somc 
other location depcndcnt on topography, Thcrcforc, crosion control technology, dcsigncd to 
rcducc soil loss or scdirncnt yicld from a givcn D~CD, must account for and manage the proccsscs 
of dctachmcnt, transport, and deposition, 

Scicntitic planning for surfacc and subsurfncc water managcmcnt at thc SLB sitc requires 
knowledge of thc rclationships betwccn thosc factors that cmsc a loss of soil and wntcr. 
Controllcd srudics on ficld plou 2nd small watcrshcds have supplied much valuablc information 
rcgmding thcsc complcx factor intcnclationships, mostly from thc ap ' icuI~rn1 community. Thc 
gcatcst benefit from this rcscarch can bc rcalizcd only whcn thc findings from the ngricultural 
;md nuclear communities arc convcrtcd to sound prncticc on the numerous wastc disposal nirrrs 
throughout thc US. Spccific pidclincs arc nccdcd for sclccting the control practices bcst suited 
to thc particular nccds of cnch SLB sitc, and wc arc suggesting thc usc of the Universal Soil Loss 
Equation for the dctcrmination of long-tcnn annual nvcragc crosion for thcsc PWPOSCS, 

(a) Universal SoiI Loss Equation and Rainfall Simulator Studies 
Our studies (Yyhan and Lanc, 1986) investigated thc watcr bnlnncc and crosionol 

bchovior of Shnllow Land Burial (SLB) trench caps for seven1 covcr conditions. Plots WCYC 

established at thc Los Alamos Espenmcnml Enginccrcd Test Facility (EEV) and were subjected 
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to simulated minfa11 to gcncmtc infilmtion, runoff, and erosion, 'The cflccts ofantecedent soil 
watcr content wcrc cvaluatcd, and the soil erodibility factor, K, and the cover managcrnent 
factor, C, of the Universal Soil Loss Equation (USLE) wcrc cstimatcd for our trench cap 
configuration. The USLE is wrirtcn as: 

' 

A - RLSKCP Eq. 1 
Where: 
A is tlic computed loss per unit m a ,  expressed in tlic units selected for K and for the period 
sclcctcd for R (in practice, thcsc arc usually so sckctcd that they compute A in tons pcr acre per 
year, but other units can be sclcctcd); 
R, thc rainfall factor, is the number of rainfall crosion indcx units plus a factor for runoff from 
snowmclt or applied water wherc such runoff is significant; 
L, thc slopc-lcn&tb factor, is the ratio of soil loss from h e  field slopc lengtb to that from tl72.6-fi 
length under identical conditions; 
S, the slope-stccpncss factor, is thc ratio of soil loss fiom thc ficld slope mdicnt to that fiom ;L 
9% slopc unda otbcnvisc idcntial conditions; 
K, the soil credibility factor, is the soil loss ratc per crosion indcx unit for D specified soil DS 
measured on a unit plot, which is dcfrncd as o 72.6-A length of unifom 9% slope continuously in 
cican-tilled fallow; 
C, the covcf mnnagcment factor, thc ntio of soil loss from nn wcn with spccificd cover and 
mmngcmcnt to that fiom an idcnticd uca in tilled continuous fallow: and 
P, the support practice factor, is the ratio of soil loss with a support practice l i c  contouring, 
strip-cropping, or terracing to that with straight-row farming up m d  down thc slope. 

A 15- by 63-rn simulated trench cap was consnuctcd at the EETF (DcPooncr, 19Sl> to 
closcly match trcnch cops used for shallow land burial at Los Almos  (Wmcn, 19SO). Thc 
configuration of this trench cap consisted ofo 15-cm laycr of backfilled Hackroy series topsoil, 
which had bccn stockpiled at the sitc, underlain by IL 90-cm layer of crushed Bmdclier tuff 
bockfill that was classified as bclonging to gcologic mapping unit 3 @ogers,1977). Both layers 
were installed with dominant downhill slopes of 7%. Wc compared thc hydrdogk behavior of 
this higbly disturbed system with an adjacent undisturbed soil pmfile that had ~ a t ~ t l  covcr. 

Thc Critcriil for crosion plot sclcction wcrc based on the requirements set forth during the 
original devclopmcnt of the USLE on mngelmd (Wischmcicr and Smith, 1978) and on thc 
constraints of tlic ninfall simulator (Simonton and Rcnard 1982). Thc eight cxperimcntd plots 
on the simulated trench cap and the two n a n d  plots were each 3.1 - by 1 I-m, With the long ~Yis 
pmllcl to the slopc. Each plot pair on thc trcnch cap was constructed on ccnters located 17 m 
apart and with metal plot borders 3s described previously (Simmton and Rcnard, 19S2). Runoff 
from the plots was coll~cted in troughs, which divertcd thc runoff into n runoff-mcsuring flume 
with m FW-I water-lcvcl recorder that mcasurcd continuous s t q c  height, 

Rainfall simulators, such EIS the one ustd in this study. otc uscful to dctamine WSLE 
p m e t m  for a rapidly changing soil surfacc such as that found on trench caps covcring waste 
mnterials, Isclinfdl simulators haw bccn used extcnsivcly to collcct soil erodibility data, to 
mc3surI: the cffcct of cropping and tillage on soil erosion, and to dctemine the cffccts of various 
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soil trctltmcnts on soil crosion (Albcns ct al., 1980; Fostcr ct a1.,1968; Laflcn.1982; Mcycr ct nl., 
1972; Wischmcicr and Manncnng, 1969,Wischmcicr ct  al., 1971). Thc rainfall simulator i;scd 
in this study was n traiicr-mountcd rotating boom simulator capiiblc of applying cithcr 60 rJr 120 
mm h" of water (Swanson,l965), producing drop-sizc distributions and impact vclocities similar 
to thosc of natural r:iinfall (Swanson 1979), and rainfall cnergics at about SO% of thosr: of natural 
rainfall. 

Thrcc trcatmcnts wcrc imposcd on tlic ciglit plots on the trcnch cap in 1982 (Nyhnn ct al., 
1984)). Two plots rcccived an up- and downslopc disking (cultivatcd trcatmcnt). Both stmdnrd 
tillcd plots wcrc comparablc, cxccpt for Icngthcncd slopc, to thc 22.1 -m USLE unit plot of 
continuous tillcd fallow (used to dctcrminc the USLE soil crodibility factor), Two othcr plots 
wcrc not tilled and also Iind no vcgct3tivc cover (bare soil trcamcnt). TO dctcminc tltc influcncc 
of vegetation on soil erosion, four p f o ~  wcrc sccdcd with barlcy. 

Thc hydrogaph and scdigraph mcasurcrncnts gcncratcd during simulated rain cvcnts 
dcmonstratcd that nnteccdcnt soil wntcr contcnt of thc surf;rcc soils significantly clffcctcd 
infiltration and erosion ratcs for all erosion plots. Volucs of Ltpparcnt run-offl prccipitntion ratios 
wcrc much lowcr on thc plots with natural covcr (0.26-0.65) than plots on the highly disturbed 
trench cap (0.S2-0.99). Altl~ough ratios as high as 0.99 may be influcnccd by mcnsurcmcnt 
crrors, thcsc ratios arc highcr on thc disturbcd plots. Soil losscs from thc plots tvcrc influenced 
morc by variations in scdirncnt conccntrations than by dischrgc mtcs. Variation in soil loss 
bchvccn rcplicatcd plot trcatmcnts was Icss on thc rrcncli cap plots ( '14.23%) than on the natural 
plots (39%). Soil loss from the plots with natural covcr was about 2% of that fiom thc cultivatcd 
plots on the trcnch cap. and the soil loss fiom plots with thc bnrc soil and birrlcy covcr trcahncnts 
on thc trcnch cap 11;rd 66 and 33% rcspcctivcly, Icss soil loss than did the cultivatcd plots, 

The soil crodibility K factor and soil toss ratios for t!!c covcr managcrncnt C factor of the 
USLE wrrc quantified from the soil loss data. An mer'agc K valuc of 0.OSS Mg ha h ha" 1W" 

mm" was estimated from our cultivatcd plot data, with n CV of 16%. Soil loss ratio valucs for 
thc barlcy plots on thc trcnch cap w r c  about 20 tirncs larger than corrcsponding soil loss rstibs 
for the natunl plots. 

Four trcatmcnts wcrc imposed on the cight erosion plots by thc cnd ofJuly 1953. As in 
1982, two plots reccivcd n new up- 3nd downslopc disking (culhutcd trcamcnt). Both standard 
tilled plots wcrc thus again compnrablc to thc standard USLE plot used to dctcrminc thc soil 
crodibility factor. A second ycnr's data wcrc collcctcd on thc two plots that wcrc not tilled and 
had no vcgetntivc cover (bnrc soil treatment). To dctcrminc the influcncc of partial gavc l  covcrs 
on soil crosion, MO plots wcrc prcpnrcd as thc bare soil trcamcnt and thcy thcn rcccivcd ;i gavcl  
( 4 3  mm diametcr) covcr at an application rate of 60 tJA (gavcl covcr trcntrncnt). Thc influcncc 
of partial gave l  covcrs plus vcgctation on soil erosion was dctcrniincd on two plots that were 
first sccdcd with Wcstcrn Whcatgass and thcn rcccivcd thc samc pavcI application ratc as thc 
p v c l  cover trcarmcnt ( p v c l  and plant cover treatment), 

W c  calculated cstimates of the USLE covcr rnnnngcmcnt factor, which rcflcct the soil 
loss ratio from a plot with certain amounts of gnvcl andor  piant cover to tbc correspondjng loss 
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from thc clean-tilled, unprotcctcd soil of 3 unit plot, Soil loss ratios m g e d  from 0.040 to 0,050 
for the trench cap plots with p v c l  covcr and fr-om 0.0 I6 to 0.048 for thc plots with n cover of 
p v c l  plus whcatgass. Gnvcl covcr estimate m g c d  from 70 to 75%. with thc young, small 
w h c a t p s  plants contributing vcry littlc additional covcr in the Pwo plots with the p v c l  plus 
w h c a t p s  covw. 

nicsc soil loss ratio vducs arc gencrdly s l i j ~ t l y  lower than sbndud soil loss ntios 
obsmed in other ficld studies for p v e l  and mulch covers with this mount of ground covcr 
(Wischmcicr and SmithJ97S; Mcycr ct nl,, 1972). D ~ C I  from Wischmcicr and Smith (1978) 
indicate that soil loss ratios equal to about 0.1 0 to 0,15 would bc cxpcctcd for the amount of 
pound cover wc obsmcd. A similar study of stonc mulchcs on constmction sites in Indima 3150 
rcsulted in high soil loss ntio vducs rcIativc to this ,mount of plant cover (Mcycr et al., 1972). 
Howwcr, the cxplmation for our small soil loss ratio values Iics in the  fact that, even with thc 
low landslope (7%) on our erosion plots rchtivc to much lugcr Iudslopc valucs on erosion plots 
in other ficld studies, our unprotcctcd, highly erosive trcnch cap soil had larger soil loss mtcs 
hm unprotcctcd soil surfaces in other studies, Tlius, any amount of plant or gravel covcr would 
rcducc the amount of soil loss from our ncncb cap plots even mort than from lcss uodiblc soils 
in othcr field studis. 

Wc also found that n1tboug.b the p m i d  p v c l  cover trcntmcnt dmmsdcdly rcduccd tlx 
I amount of soil crosion from the simulatcd trcnch cap, this trcntmcnt also incrcascd thc mount  of 

precipitation that infiltrated the trcnch cap during the n i n  simulator runs, 

@) Pilot Studies on Soil Erosion 
Runoff occurrcd throughout thc year on the unvcgetatcd Protective Barricr Landfill 

Covcr Demonstration plots as a result of snowmdt and thunderstam activity (Nybm et al., 
1997). Only IS% of the tom1 runoff bctwccn 1992-1994 came from snownclt cvcnts, with S2% 
of thc Nnoff gcncmtcd on the study plots being gcncntcd during summer thundcrstoma On an 
individual precipitation buis,  no consistcat relationship W ~ S  dctccted bchvctn slope and m o f f  
for ciihtr tbc clny loam topsoil or the lomi topsoil, because of the l a ~ e  spatial and temporal 
vsuiation'in runoff obscrvcd for both of thcsc soils. For cxample, thc largcst daily runoff 
obscrvcd during our field study (1.34 cm} occurred on thc Convcntional Dcsip with the: 25% 
slopc during il record-braking 3.56-cm precipitation evcnt on August 27, 1993: on this samc 
day, the Convcntional Dcsip plots with slopes of 5,10, and 15% cxhibitcd 1.03,0,91, and 0.78 
cm of runoff, respcctivcly, Mowcvcr, for the entire p d o d  bctwccn 1991 and mid-1995, moff 
did incrcuc with incrcasing slopc for each of thc designs and runoff gcncrdly accounted for 
about 24% of the prccipitation losses x r o s s  011 of the plots studicd, 

. 

ThcaDOE ER Project compucd the pcrfommcc of scvcrd different swfacc covcrs at 
MDA-B in Los Alomos, 3s summarized in Nyhan ct d. (1998). Two versions of a conventional 
Imdfill design, consisting of only a layer of topsoil secdcd with p s c s ,  wcrc compared With an 
improved covcr containinga b i o b d c r  dcsipcd to minimizc plant and animal intrusion and to 
minimize infilmtion of wxcr into the undcrIying wastes, Thc convcntional covm v d e d  in 
depth, both convcntionol and improved dcsips had diffcrcnt combinations of vcgctation 

' (sass verses slmb) md ptvcl mulch (no mulch vrrses mulch), These treamcnts wcxt applied 
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to each of 12 plots and watcr balancc pmmctcrs wcrc mcasured from March 1987 through June 
1995, resulting in thc longcst-tcrm srudy of w t c r  bnlnncc on a rcmcdiatcd sitc, 

Scvcral nnalyscs of thc MDA-B runoff data collcctcd @amcs ct ol., 1986; Barnes and 
Rodgcrs, 1957,1988; Borncs and Warrcn, 1983; Lopcz et al., 19% 19S9) and soil crosion data 
(LANL, 1991) hnvc bccn pcrformcd (Nyhan ct al., 199s). A prcliminary analysis of tlic runoff 
&ita from the MDA-B plots was perfonncd with thc idea that thc dccrcascs in runoff with timc 
wcrc due to incrcascs in vcgctativc covcr, This analysis did not t3kc into account thc ~ccurrencc 
of cryptogims, which stancd to appear on the soil surfnccs of many of tlic plots in 1957, about 3 
years aftcr the plots wcrc cmp1;iccd 3t thc sitc, Sincc this cffcct was not quantified, the 
paccntage of pound c o w  (with or without cryptogams) for tach of the 12 plots w3s plottcd cis 
a function of annual runoff for cach of thc ycars whcrc both typcs ofdau  wcrc availnblc (198, 
1989, 1990, and 1994) This analysis did not show a vcry good rclationship bctwccn thcsc two 
vanabics for our field study bccausc tlic amounts of runoff gcncratcd during thc 3.62-ycar cvent 
wcrc so large that thc influcncc of ground COVM was not an important factor for 1988, 

Taking thc 1988 runoff and ground covcr data out of the comparisons, tlic d3t3 was 
rcgrrrphcd and prcsentcd in Figure 2. Ground covcr was found to bc significantly rclatcd to 
annual runoff, in spite of thc fact that othcr factors influcncing runoff, such as slopc, wcrc not 
taken into account (Fig. 2). Almost 61% of thc vnriancc in runoff was dcscnbcd by n model 
doscribing a power rclationship bcnvccn cm of runoff and pcrccnt ground covcr, witli a stmdxd 
error only 2.22 crn of runoff, This modcl predicts that 3s ground cover is incrcascd from 30 to 
90%, annual runoff is rcduccd from S.8 to 0,98 cm, almost n 9-fold dccrcasc! 

Scvcral intcrcsting obscrvations can bc mndc rclativc to tllc influcncc of the gravel 
trcatmcnt on thc plots (Figurcs 3,4). T h c  gravcl mulch incrcascd thc plant covcr on our study 
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Shrubharc trcntments from 1987 to 1994, 
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Figure 4. Grass and shrub cover on MDA-B study plots wi$ tllc Gmsdpvcl  and , 
Gms/barc t rc~tmcnts from 1987 to 1994. 



Tslblc 1. Avcrrrgc grass and shrub covcr for Shrub and Grass Trcetrncnt Plots with and 
without gravcl mulch a t  MDA-B. 

vx cover (%I slirub CCI vcr (%I 

Location mulch mulch mulch mulch 
Plot With p v c l  No pavcl With p v c l  No &rilvcl 

&ib t r c n t r n w  
East 24.8 16.4 22.1 17.2 

Ccntcr 21.9 I s.2 
UIcst 2 2 J , z  14,5 
Avcragc: 23. I 16.3 

29.9 20.6 
m m 
25.4 21.2 

Grass u lou 
East 41 .O 29,7 0.7 0.1 

Ccntcr 45.3 49.9 0.3 0.1 
west 2x2 2.u 22 LL 
Average: 40,2 36.1 1.6 1.4 

plots: the shrub and grass cover cstimatcs wcrc rrvcrrrged ovcr timc and arc prcscntcd for c x h  of 
thc ficld plots in Table 1 to funhcr illustratc this point, On thc plots whcrc shrubs wcrc nddcd 
(Shrublpavcl and Slirubharc treatments), plots rccciving no gavcl mulch avenged 21 2% shrub 
cover, while plots with grnvcl had a 20% larger pcrccnt covcr of shrubs (Table I). Howcvcr, the 
influencc of gnvcl mulch was even mort pronounccd on thc grass covcr on thcst plots, whcrc 
the average g a s s  covcr on thc plots with no pavcl WDS 16.3%. comparcd with n 42% hcrcac  in 
percent p s s  covcr duc to gavcl mulch, Similnr rcsults wcrc observed with pass covcr on thc 
plots whcrc only gnss was addcd to the plots, cxccpt for thc plots in thc center location (Tablc 
11. 

(3) Secpagc Pathway 
FIistoricdIy, rcpositories havc becn phbwcd by problcms of rrcnch-covcr insL?bility, 

which rcsult in sccpagc into thc wxitcs bcncnth tlic landfill covcr. Thcsc problcrns havc rcsultcd 
from poor drainagc of trcnch-covcr m a s ,  unstablc wastc forms that collapse by wcntlicring and 
ovcrburdcn prcsswe, and desiccation and crilcking of trench-cover motcrkl. Othcr proccsscs 
d a n c i n g  sccpagc production includc weathering and bioinmsion of plant TOO& and burrowing 
animals. R%crc;ls collnpsc features will presumably dccrcasc in ficqucncy ovcr timc, wcxthcring 
and biointrusion will bc ;L long-tcrm, continuing process causing progrcssivc dctcnoration of thc 
lmdfill covcr to inhibit sccpagc with time Pcdingcr, ISSS). 

Sccpagc in most narurd systems and waste rcpositories is 3 watcr balancc factor that is 
largcly determined by climate. The qunntiry and scesonal dis t rht ion of prccipiution md 
cvnpomnspiration dircctly influence tlic infiltration of wntcr into ;L rcpository, as well ;LS the 
contact of soil moisture with thc waste and tlir flow ofwatcr for transporting wastcs. Climntc 
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generally affects the thickness of thc unsnturatcd zonc, strcam dcnsity, and conscqu1:ntly tbe 
disuncc P repository cm bc loc~tcd from thc 8ound-wntcrUdischargc point (Bedingcr. 1989). 
Thus, arcas of p a t  aridity, such as Bcrrtty, Ncvada, are normally coasidmd to bc ivcll suited for 
waste disposal, compared with more humid NCS, such as Bmwcll, South CmIina. 

Considcr a cornparison of the climatology and sitc hydrology of Bcatty, Bmwcll,  a d  
Los Alnmos. Bcatty receives 4.5 in of 3nnual precipitation, h i s  P 13 1,200 ft distance to ground- 
water dischsgc with ZVI associrrtcd ground-watcr mvcl time of S00-I000 ycm, and exhibits 3 
rccharrgt rntc of 0.0016 idyr (Nichols, 1985; Bcdinger et aI, 19S4). Bmwcll has 46.1 in of 
annual prccipitation, I I  I083 ft distance to ground-wnta discharge which can bc achieved in only 
50 ycars, and exhibits a r c c h q c  rate of 15.0 idyr (Cahill, 19S2; Dcnncby and McMahon, 19SS). 
In compuison, thc mcan annual precipitation in Los Alnmos o v a  tbc last 65 yem i s  18.1 in, 
decreasing significantly with distance from the Jcmcz Mountains cast to the Rio Grmdc. 

. 

. 

, .  I .  

':. 

ldcdly, scltction of a plant cover in combination with an optimal topsoil configuration 
(slope, soil type, soil dcpth), would serve as ;L primruy componcnt ofthc wp in controlling 

. ' sccpagc nnd'root pcncmtion, while the underlying p v c l  bioinwion barrier could function xi ;I 
. I  .- , ,' . . scbond;uy b d c r  to thcsc processes. Thc impomncc of carefklly sdccting the plmt cover can bc 

t. . . .  , ' infcrrcd'fiom modeling studics (Nyhan and Lnnc, 19S2), which show that annual pcrcolation 
' . .  , . 

, .the longtern average m u d  precipitation. hcontnst ,  cvapotnnsphtion may account for at 
' I  ' I  ' I . . .  :. ' leost90% of thc m u d  precipitation, Thus, only 3 slight incrcrrsc in plant transpiration may 

' below the rooting zone of native passes in arid sites is vcry low and is often fLwlcss than 10% of 
. . .  , 

complctcly preclude the occurrcncc of secpegc. 

Studics were performed a t  Arc3 B to examine thc cffccts of different plmt covcfs on soil 
. .  ' , moisturc in order to select optimum spccics or spccics mixes for optimal cvapotranspintion 
. .  . 

(Rodgers et d;, 1985; Nyhan et a]., 1998). These studies showed that doubling thc percent shrub 
. .  ' ' . I ; (rubber rabbitbrush) plus gass  cover from 25 to 50% on thcsc landfill covcrs incrcrrscd the 
. ' . cvopomspirdon observed from' 1987 througb 1995 by 28% (Nyhm et d., 1998). As shrub 
I 9 4  cover increased fiom 0.13 to 23%, natural incrcoscs in soil watcr inventory in dccp mhym 
. "..I. 

. .  .., . 

. .  , . . .  b 

. .  % . '  , . .  
..,. ' 

, .  

I .  

. ,\. . .  

. ' occum'ng in thewintcr and spring dccrcascd from 5.73 to 1.19 cm, 
1 .  

' I  . . .  

1 . F, Rsk.Mnnagcment Options and Recommcndntions 

, '  . . .  (1) Biointrusion Pathway 
... t 

' . (a)' Approaches To Limit Biointrusion 
, .  

, .  

Desirable fcaturcs of a biointrusion barrier system include: . . . .  

I '  . .  
, .  , 

cffcctivc minimizing of plant root and burrowing d m d  intrusion into 
the soil profilc and into bvicd wastes, 

no advcrst cffcct on other processes affecting waste sitc integrity 
(c,g., crosion or pcrcolation), and 
* cost effcctivcncss, 

. .  . ,  . .  . ,  

remaining serviccablc over thc lifetime of the site, 
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Several appronchcs havc bccn suggcstcd to rcduce thc biointmsion potcntial at wastc 
disposal sitcs. Most of those approaches rcly on physical or chcrnical bamcrs to prcvcnt plant 
roots andor  burrowing animals from acccssing the waste. Examplcs of physical bnrricr systems 
includc natural gcologic m;itcrials such as rocb  or m;mm;ldc bnmcr matcnals such as hypalon 
shccting or asphalt crnulsions. Chcrnical barricr systcrns includc thc usc of biotoxins. 

Past studics with mnnrnadc physical and clicmical intrusion bamcrs lead to questions 
about thc serviccablc lifc of such materials under ficld conditions. Onc analysis suggests that 
matcrials such ns asphalt, hypnlon, and concrctc hwc ;I ficld lifc of no rnorc than 25 y c m  
(Pcrtus;l,1980). 

Tlic pcrsistcncc of hcrbicides, in gcncnl. i s  not sufficicntly long to control vcgctrttion 
over scvcrd dccndcs unless frcqucnt applicrltjons arc rnadc. Additionally, chcmotoxins may 
edversely affcct plant covcr and, indircctly, plant transpiration, In arid ccosystcms, 65-1 00% of 
thc annual prccipitation may be transpircd by plants back to thc atmosphcrc. Soil w m r  that is 
not transpired to thc atmosplicrc is available for subsurface aanspon. Howcvcr, cxpcrimcnts 
with potymcr bcnds. which slowly rclcasc root gowtli inhibitors, appcar promising for 
prcventing plant root intrusion (Burton, ct a]., 1982). 

Los Alamos studies on biointrusion btlnicrs cmphssizcd tlic USC of soil and rock becausc 
these rnatcrinls arc long livcd in thc cnvironmcnt, thcy arc rclativcly incxpcnsivc, and 
prcliminxy cxpcrimcnts on thcir pcrformmcc had alrcndy bucn conductcd by collcqyes n1 
Battcllc Pacific Northwcst Laboratory (Clinc, ct al., 1980). Our work cxtcndcd that of Cline 
(Cline, ct d,, 1980) using cxcfully dcsigncd ficld cxpcrimcnts and computer modcling. 

Bascd on thc rcsults of thc small, intcrmcbiatc, and field-scalc stubics, with their 
attcndant limitations, Wakonson (1 956) concludcs thc following: 

7'hc grnvcl/cobblc intrusion bamcr, although not 100% cffcctivc, did rcducc uptake of a 
crsium trtlcer by plants by factors of about j to 8 ovcr thc conventional soivtuff dcsign at scvenl 
diffcrcnt scalcs iindcr suboptimum dcsign configurations and cxtrcmc moisturc inputs. 

9 Qualitativc obscrvations indicate that tl1c pavcVcobb1c bam'cr dcsign prcvcnts 
burrowing through the trcnch cap by pockct gophers, although t21c long-tcm impact of such 
activitics on soil movcrnent into thc gavcl and on soil bulk dcnsity as it influcnccs pcrcolation is 
unknown. 

undcr uppcr cxtrcme moisturc additions or whcn topsoil dcpths arc suboptimal for stonge of 
infiltration (MDA-G). 

dcs ip  appcm to impede percolation with 3 corrcsponding reduction in the moisture content of 
backfill undcr the rrcnch cap, 

* *  Pcreolation ofwatcr through a soillrock dcsign may bc pcatcr than for II soilhuff dcsign 

Unclcr ficld-scale conditions and noturd prccipitntion at Los Alnmos, the soillrock 

Snowrnclt, rnthcr than rainfall, placcs rnorc strcss on the cap relative to percolation. 

Thc Intcptcd Test Plot study was also pcrformcd at thc Los A l m o s  EETF to dctcrninc 
water balance rclationships on two landfill covcr designs, one of which contained n gavclkobblc 



biointrusion bbaTiCr myhiin et I]., 1990). miis data sct yicldcd similar conclusions to thosc of 
Ifakonson (1 9S6) rclativc to the biointrusion of thc gri~vcl/cobblc layer. 

(b) Biointrusion Control Recommcndations 
In tcnns of die ovcnll wastc mansgcment approach to bioinmsion, we refer to thc risk 

analysis performcd as low as reasonably achievable (ALARA) subsection of the MDA-G PA 
(Hoilis et 01.. 1997): 

"Any ofscvcnl options that would decreasc thc potential for biotic intrusion into 
disposal units at MDA G would substantially rcducc thc collcctivc nix'-pathway doses in both 
Cniiada dcl Bucy and in White Rock, Among these options arc a thickcr cover and nctivc 
maintenance of the sitc to climinatc thc potential for biotic intrusion. Thc pssivc solution is 
attractive for scvcnl reasons. Thc estimated cost for 250,000 rn 3 of cnrshcd tuff(40 acres, 1 m 
tliick) is SI,SOO,OOO. This cost would be nugmcntcd by thc cost to prepm the existing COVCTS, 10 
cmplscc thc new covcfs, to recontour the s d a c e ,  and to r'CVCgct;ltC thc new C O V ~ .  Evcn so, it 
may bc ,4LAlU to cmplacc an ndditiod 1 m of crushcd tuff ovcr thc closed disposal units. 
Howcvcr, bcforc such 9 dccision is made, it is prudcnt to cvalutrtc thc results of thc sensitivity 
md uncertainty nnalysk and to rcfinc the air pathway anofysis accordingly. 

The results of thc scnsitiviv and uncertainty analysis sliow that projcctcd air pathway 
doses arc scnsitivc to the tlctinidc inventory cxtnpolatrd for tile period 1957 through 1971, That 
inventory is cvpccted to bc grossly ovcrcstirnated. A more thorough chnmctdmtion of the prc 
1971 invcntory is womntcd if the results arc Scing to bc uscd as a basis for the closure plan. The 
air-pathway doses fve also sensitive to ~ I C  extent of biotic intrusion md subscqucnt mslocation, 
In the biotic trnnslocation model, actinides arc cutractcd by dccr mice rnthcr thm plants, No 
marcrial will bc cvcavatcd by decr mice if thcir burrows do not pcncmtc through the cover and 
into the wastc. Assuming a 1 m (3.3 ft) cover and a 2 m (6,6 fl) burrowing depth, contamination 
will be mslocnt td  to the surf'acc. The ndionuclidc cmtcnt of tbc mtltcnal will not likcly bc 
what was modeled, which assumed s homogeneous mix and distribution of d l  radionuclides 
contained in a given disposal unit, Certain records for the prc-197'1 inventory suggest tbnt much 
ofthc more highly contaminated plutonium wastc is buncd at the bottom of pits, thcrcby making 
it uaavnilablc for cxmction from the topmost lift. Again. P more careful consideration of the 
prc-1971 inventory is w m n t e d  before my dccision is made on the basis of this mnlysis." 

One of thc more senuus Iimintions of the biointrusion studies is related to the time 
dimension, Virtually dl ofthc d a b  from a pnlziculu study (lysimeters) span a littlc as 6 months 
to a m n i m u m  of about 3 1 months (Area G). On timc scales of 100-250 ycm, as arc required 
for low-lcvcl ~ a s t c  isolation, thosc short-tcm observations and conclusions on bioinmsion 
banier perfomancc YC subject IO scvcrd shortcoming, including thc possible effects of 

plant succcssion, and particularly larger growth forms such 3s trccs and shrubs; 
* full root dcvclopmcnt of pcrcnnial spccics that may require s c v m l  ycm; 

topsoil intupcnetmtion into the rock b d c r  material; and 
subsidcncc of barrier integrity, 

Eccnusc existing vegetation is destroyed during the conswction of a low-level waste site; 
' tbc f ind  trcnch cap, upon closeout of thc site, usuolly providcs m cvccllcnt medium for the 
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cst:iblishment of invader plant specics bccwsc tllcsc spccics arc adaptcd to growth in a highly 
disturbed soil, Dcspitc vigorous ancmpts to establish a plant COVCT, nnrural scrd sourccs prcscnt 
in thc cap soil or sccds arriving from surrounding :ircis will bccomc cstablishcd on thc sitc with 
time. Those plants may cvcnturrlly dominate the plant cover givcn thc lack of intcnsivc 
managcmcnt. For cxamplc, in 1983, a mixrurc of rrccs, slmbs, forbs, and psscs ,  nonc of which 
had bccn sccdcd into thc sitc, covcrcd Area B (which was closcd in 1947). Rooting dcptl~s of tlic 
specics gowing on MDA-B could vary, bascd upon 3 survcy of thc Iitcrnturc (FOXY c t  a\., 1984), 
from 5 cm to about 610 cm dcpcnding on spccics and physical charactcnstics of thc site. Of 
coursc, our srudics hnvc not cxamincd root intrusion by any o f  thc larger foms, although 
iiif;ilfa is typically onc of thc dccpcst rooting plantc (Foxx ct d., 1984), with rccords of root 
pcncsation to 4200 cm. k lo~cvcr ,  many spccics including alfalfa rcquire scvcral ycars to 
dcvelop maturc root systcms so that obsclvntion periods of lcss than two ycars arc not likcly to 
bc ndequntc to dctcrmjnc l o n g t c m  barricr pcrformnncc undcr ficld conditions. 

Final rccommcndations on tlic usc of biointrusion barricrs at an MDA xc bascd on t l~c  

I ,  Do sufficient supporting data cxist to indicntc that thc soillrock systcm rcduccs 
biointrusion md, possibly, pcrcolation? 
2. Wli;it is thc optimum configuration for arid site conditions? 

mswcrs to wo qucstions rclntivc to the usc of soil-~rnvcl/cobblc cap dcsigm: 

The mswcr to thc first question is o qunlificd "yes" bnscd on shon-tcm data obtained 
undcr both intcrmcdintc- and ficld-scnlc conditions and undcr cxmmc and nvcrngc prccipitdon 
rcgimcs, Bnscd on thc cxpcnmcnts at MDA-G and in thc caissons at EETF, whcrc pcrcolation 
was cncouragcd through intcntional suboptimal design or cnhanccd prccipitntion, uptakc of 
ccsium was rcduccd by a fktor  of at lcclst 2.5 and by as much as a factor of ncarly 10 
(Hakonson, 19S6). 

A cap dcsign incorporating an optimum mix 0Ctl.l~ physical and biological fcnturcs 
dcscribcd abwc would also scrvc to rcducc plant root intrusion through the cap by confining 
water mcl roots to thc cop. Idc;rlly, cap soil Ccpth would bc suflicicntly lnrgc to storc all (at a 
spccifjcd probrrbility Icvcl) precipitation infiltrating into thc cap whcrc it would then bc nvailablc 
to complctc loss by cvapotranspinhon. 

It is cspccially irnpon:lnt that thc cap thickncss be govcrncd by thc scason during which 
soil moistutc storagc capacity is most nccdcd. For cxamplc, our studics suggcst that cap 
thickncss should be b;iscd on snowmclt sourccs of infiltration. ~lowcvcr,  an optimum cap 
co~~figwation may not bc fcasiblc duc to the lack or scarcity of P "best" soil. Likcwisc, thc lack 
of information on rooting distribution and water-usc cfficicncy of spccics sclcctcd for 
rcvcgctation limits our ability to scIcct spccics that exploit thc added moisture stored in thc 
thicker cap profilc. In cithcr casc, inadcqustc moisture storagc capacity or lcss than optimum 
cvapotranspintion losscs of soil watcr can rcsult in pcrcolation bclow thc toot zonc into dccpcr 
rcgions of thc sitc. Unfortunatcly, using dccpcr-rooted plant specics to rcvcgctatc thc sitc 
prcscnts potential problcms with biointrusion and transpon of waste to t l ~ c  suflacc of thc site. 
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That, perhaps, is whcrc thc soiVrock intrusion barrier dcsign may ofkr some advantage 
over thc,conventional soil cap design for ahd sites. A rclativcly thin layer (60-1OOcm) of topsoil 
over at lcast 100 cm of p v c l  and cobblc not only reduced root intrusion, but also at the same 

concerning the long-term field pcrformllncc of thc soilhock cap design, the cxpcricncc we have 
gained through ficld studies and modcling is encouraging with rcspcct to design for scmim'd and 
arid sites. Although we did not cvaluatc the soillrock cap design for humid sitc conditions, the 
cxpcrimcnts in the caissons at thc EETF, which rcccivcd Ixgc inputs of water approximating 
humid site conditions, suggest thnt failure ofthc soilhock cap design can Icad to greater 
pcrcolation than would bc cxpcrienccd from a convcntional soil cap dcsip. Howcvu, topsoil 
depths of 60 cm uscd in the caisson cxpcrimcnts wcrc not optimized for storqc capacity for thc 
uppcr cmcmc precipitation regime uscd in the cxpcrimcnt, 

, time oppcnred to retard percolation through thc cap, Although many questions remain 

(2) Erosion pnthwrry 

(a) Applications of Erosion Control Technologies 
To cornputc thc USLE-predicted avcrtlgc annunl soiI loss from il pilrticulu SLB, the first 

step is to rcfkr to tlic hbles, charts, and techniques discusscd in Nyhm wid h e  (19S6), and 
sclcct thc vnlucs of. K, LS, C, and P that apply to the specific conditions at thnt fictd site. In 
cvaluating both the K and C factors for thc SLB site, thc sitc opcmor should contact both the 
soil test laboratory n t  the locnl land-pint univcrsiry and tlic Natural Resource Conservation 
Scrvicc of the US Dcputmcnt of Agn'culture. Thcsc two organizations will give the site operator 
information on local soils, how to collcct reprcscntativc samples of the trench cap soil to a depth 
of 6 in., and provide soil assrtys and sitc evaluations so that thc K and C factors can bc 
succcssfiAly cstimated. 

Next the sitc opcntor must sclcct a tolenblc soil loss. Tbc term "soil loss tolcmncc" 
denotes the m u i m u m  amount of soil erosion tliat will pennit tlx SLB trench cap to mainbin its 
integrity over thc projected life of the SLB site, This term was originally uscd to designate thc 
mL-imum amount of erosion thnt would permit n high lcvcl of crop productivity to be sustained 
cconomicdly and indcfinitcly (Wischmeicr and Smith, 19713). In cithcr CPSC, when erosion is to 
be limited by 3 prcdctcrmincd tolcnncc, T, the term, A, in the USLE is rcplnccd by T, 

The US Environmental Protection Agcncy @PA) recommends using a value of 2 
tondacrdycar for SLI3 landfill covcrs (VS EPA, 19S9). Mowcver, in cvnluatbg the long-term 
impact of soil erosion on SLB trench caps, thesc T valucs may be rcnsonablc, especially sincc it 
is ncccssxy to makc assumptions about rates of soil formation, most ofwhich hwc not bccn 
proven by rescmb. Howcvcr, Wight and Lovely (1982) point out that mgcland in wid and 
semiwid climates arc inlicrently more fhgiie tlim enstern croplands, md are chmctcrized as 
having slow soil formation proccsscs. They also indicated that cvcn small increases in soil losses 
on rangeland can initiate accclcratcd soil erosion trcnds, bccclusc soil losscs arc accompanied by 
rcduccd production of protective vcgctation. 
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(b) E r o s i o n C o n t r o I R cco m m cn d :it i o n s 
W c  rccommcnd adopting tlic EPA's guidclinc for wastc sites of 2 tons/acrdycnr, and 

cmplocing (I 70% covcr oi'gravcl on thc lundfill covcr, I-lowcvcr, an crosion control propam 
should bc dcvclopcd for il SLB sitc by considcring two rcwittcn vcrsions of thc USLE, with the 
tcrm A in the cquation rcplaccd by thc soil loss tolcrancc tcrm T: 

Wsc of Eq (;) involvcs sclccting various slopc stccpncss and Icngh fractures for tllc ncw SLB 
trcnch cap, Substituting thc SLB site vnlncs of thc fixed USLE factors in Eq (3) and solving for 
CP givcs the m s i m u m  vsluc that thc product, CP, may assume undcr thc specificd ficld 
conditions. With no supporting practices, P = 1, and the most intcnsivc plant covcr plant thnt can 
bc safely uscd on thc ficld is one for which Cjust cquals this vduc. IVl~cn a supporting pncticc 
liku contouring or stripcropping is addcd, the coinputcd vtlluc of TmKLS is dividcd by the 
practice factor, P, to obtain thc mnsimum pcrmissiblc cover and managcmcnt factor valuc. 
Tcrracing incrcascs the wluc of T/RKLS by dccrcnsing thc valuc L or LS. 

LS - T/MCP (Eq* 2) 
CP - TRKLS (Eq. 3) 

Thus, by this procedurc a sitc.operator lists all thc alternative plant covcr and 
rnnnagcmcnt combinations that would control erosion at an acccptablc Icvcl. Study of this list 
will show how an crosion control program can bc improvcd and incrcasc SLB sitc pcrfomancc. 
In addition, thc sitc operator should sct up a prog:rm for lonptcrm monitoring ofthc C factor, 
oncc sclcction of ;dl the USLE factors 113s bccn m:idc !'or the SLB sitc. This crosion control 
progam should cnsure that normal plant succcssion and soil formation processes allow thc sitc 
10 mcet thc sclcctcd tolcrablc soi1 losscs from thc surface of thc trcnch cap ovcr thc lifctimc of 
thc site. 

In addition, tcchnology exists (Nyhnn and Lanc, 1984) for dctcrmining optimum cap soil 
configurations by combining physical fcaturcs of the cap (ix., soil type, soil thickness, surface 
slopc, and man;rgemcnt practicc) with plant covcr to minimizc erosion and percolation. The 
modcling tcchnology can bc uscd at any sitc when certain pnramctcrs for thc site arc k n o w  
(Xyhtrn :ind Lanc, 1952). Otlicr modcls bcsidcs thc CFSAMS modcl uscd in this study, such as 
thc WELP and MYDRUS, can also be used for thcsc purposes. 

(2) Scepi\gC piIthWi1y 
(a) Approilchcs to Limit Sccpagc 

Engineered barriers placcd in landfill c o v m  usually consist of hydnulic barriers and 
capillery bnmcrs, but biointrusion barricrs can 3150 limit sccpngc. Thc standard RCRA cap 
contains a hydraulic barrier, which is basically a low-pcmcability bed thnt retards thc flow of 
water. In contrast, an cffectivc capillary barricr nllows infiltnting watcr to cntcr it's finegrained 
bcd (sand or finc sand) but not thc underlying coarsc-grained bcd (gmvcl), promoting intcrflow 
at thc intcrf;icc of thcsc two bcds for a limited distnncc. Our cxamples of rock biointmsion 
barriers limiting sccpngc, in contrast to the hydrology of hydraulic and capillary bamers, rcally 
rcprcscnts morc of il laycrcd-soil hydrologic cosc, 
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1. Rock Bioinrrusion Barricrs 
Thc ITP study was also pcrformcd at  thc Los Alamos EETF to dcterminc water bnlmcc 

relationships on two landfllI covcr designs, onc of which contained P gravcYcobblc biointrusion 
b d c r  (Nylian et a],, 1990). A study of four landfill covcr designs at MDA-B also involvcd both 
determinations of Watcr balance rclationships and a pveVcobblc bioinbusion banicr (Nyhrin et 
a]., 199s). In both of these field studies, the water content in the tuff bcncath ii landfill covcr 
design containing a rock biointrusion b m k r  was significantly lower with time cornparcd with 
the tuff bcnenth a landfill covcr design not containing ii biointrusion or cnginccrcd banier, In thc 
ITP study, sccpagc measurcments wcrc also callcctcd to show that thcre was less sccpagc in the 
plots containing thc rock biointrusion bmicr in thc profile than in thc plots with no rock barrier; 
measurements of intcrflow occumng at the interface betwecn tbc soil and the p v c l  wcrc also 
made in tlic plots containing the rock biointmsion barrier (Nyhan et SI., 1990). 

2. HIydmutic Burricrs 
Only three field studies testing the water balance rcIationships of hydraulic bun'crs such 

3s found in thc RCRA cap have becn performed. The first was a study pcrfomcd by the 
Environment31 Scimcc Group at Hill Air Force Bnsc in Layton, Utah (Mmcn et al,, 1996) The 
second study involvcd the EPA design in thc Protcctivc Barricr Landfill Covcr Demonstration 
fhndcd by the ER Project born 199 1 through 1998 at TA-5 1 (Xyhan ct al., 1?97), The third 
study involved a RCRA covcr tested at Sandia National Laboratoncs (Dyer ,  199s). 

EPA-sponsored srudics rcvcclled that a 1 q c  pcrccntagc of landfills utilizing a hydraulic 
b a r k  have failcd (US EPA, 19SS). Similar cxpcricnccs in northern Germany huvc lead to 
designs where ;I c;lpillary bnm'cr is cmplaced bcncath a RCPd cap to hondlc thc scepngc through 
the RCRA cap (Mclchoir ct nl,, 1990). In fact, our own ER Project studies of natural systcms at 
thc Ponderosa site havc shown that Ponderosa roots can pcnctnte n hydraulic barrier in thc ficld 
resulting in sccpngc occurring along thc roots. 

3. Cipiflary Bsrricrs 
Capillary bm'm have rcccntIy bccn rccopized 3s m occcptnblc altcmarivc fmal landfill 

cover dcsip (US EPA, 19S9), but vcry fcw field studies of thcir performance have been 
pcrformcd, Sincc 1991 wc linvc becn evaluating how nvo capillrrry barrier designs function ;IS 

slope and slope length vary at thc Protcctivc Barrier Landfill Cover Demonstration (Nyhan et al., 
1997). FicId data from this expcn'mcnt 11s shown that capillary banicr pcrformvlcc is D 
function of interactive water bnlmcc processes, which arc mditionally iporcd  ("yhun et ol., 
1993). Sandia National Laboratories also has cvaluatcd 3 landfill covcr design containing a 
cnpillay b d c r ,  rcfcncd to as tlic Anisotropic Barrier (Dwyer, 199s). 

Ross (1990) derived m analytical expression to cstirnatc the diversion capacity and 
mmirnum effective lengths of cnpilliuy barriers, which was latcr gcnenlizcd by Stccnhuis et ai. 
(1991) and Ross (1991). The maximum cffective length (L) is calculated from the s n m t c d  
hydraulic conductivity (IG) of the fine-pincd uppcr inyer of the capillary b h c r ,  the anglc of 
thc slope ($), the sttndy flux of water entering the f ine-pined uppcr hycr of the capillary 
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bnrricr (q), and tlie fitting paramctcr (a) describing thc quasi-lincar approximation of the slopc of 
thc conductivity vs. tcnsion c u m  as: 

Using tlic rcsults of thc moisturc rctcntion charactcristics dctcmincd in thc laboratory, 
the pnnmcter a in Equation 4 can be dctcnincd by fining tile rclativc conductivity-soil water 
tcnsion CUNC obtaincd from thc E T C  analysis (van Gcnuchtcn et ol., 1991) for thc fine-tcxtured 
Iaycr in a capillary barricr, ix., for thc finc sand laycr of the capillary barriers uscd in the 
Protcctivc Bamu Landfill Covcr plots (Nyhan ct 31., 1990). 

As long as tlic prcssurc at thc inted'acc bctwccn thc finc and conrsc-tcxturcd soils in 
capillary 
intcrfacc (rcsulting in sccpngc) and will hc divefled horizontally (resulting in intcrflow). T\.lus, 
when a capillary banicr cxpcrirncnt is pcrformcd (Tnblcs 2,3), mcwrcments  of both the 
amounts of sccpagc and intcflow that occur (Mclchiar ct al., 1990; Wolmlich, 1991; von dcr 
Hudc, 1991; O'Donncll ct nl., 1992; Jclinck and Mock, 1993; von der Hude ct al., 1993; Wamn 
ct al,, 1996) yield morc direct qumthtivc informotion ihnn just measuring clinngcs in tither soil 
watcr tension or volumcaic watm contcnt in the soil laycrs in and around thc capillary barrim 
(Rancon, 1980; Abcclc and DcPoortcr, 1984: Cartwright et al,, 1987; Miymki,  1958; Nyhm, 
3 989; Kung, 1990; Khirc ct a]., 1995), 

Labomtov studies (Tablc 2) and ficld cxpcrimcnts (Tablc 3) Iiavc shown that capillary 
banicrs can cffcctivcly divert water infiltrating thc soil, IIOWCVC~, most of thc capillay barrier 
studics pcrformcd in thc laboratory, cxccpt for thc studics of von dcr Wudc (1991) and von der 

' 
Mudc ct 01. (1 993), wcrc con f ind  to slopc Icngths lcss than 2 m (Tablc 2). Thcsc laboratory 
studies w r c  gcncrally pcrformcd in 3 controllcd cnvironmcnt, involvcd cxpcrirncntd designs 
with single addition:; of water, and were chanctcrizcd by n high conccntntion of hydrologic 
scnsors that collcctcd data at frcqucnt sampling intcwats, Although the field studies (Table 3) 
had stope lengtfx up to 55 m (Jclinck and Mock, 1993). thcy wcrc gcncnlly conducted with D 
small conccntration of hydrologic sensors that collcctcd data infrcqucntly in an environment 
charactcrizcd by large spatial and tcmponl variation. 

rcmeins negative, water infiltrating thc finc-gaincd hycr GI1 not cross the 

hot l ic r  important diffcrcncc bctwecn thc cxpcrimcnts pcrformed in thc laboratory and 
the field involvcs thc slopc of the capillary barriers. Whcrcas thc slopc of thc capillcuy barrier is 
usunlly a variable in the k~boratory studies (Table 2), ficId cxpcnments have usually bccn 
performed at a single, uniform slope (Tablc 3), The exception to this obscwation is the tcst bcd 
;It the Am Stcmpcl Landfill (Jclinck and Mock, 1993) that has a compound slopc varying fiom 
17 to 29%. 
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Table 2. Laboratory sfudies of capillary barriers. 

DescslDtian of caDi1lat-q barrier 
Coarse9f;rlned Flow measured Description Slop8 FtneQrained 

fntedlow Seepage Reference Of Img# srape(5xj upper layer lower layer 
apparatus (m) 

Miyazaki (I 988) Lab brge tax: 
1.6mbng,0.2mwide 

Lab small box: 0.5 m 
long, 0.3 m wide 

Wohnkh(l991) Labgrass tank: 1.19rn 
rOng, 0.43 m wide with 
a height d 0.60 rn 

von der Hude 
(1991) and vocl 
der Hude and 

lab lesl flume: 8.0 rn 
bng, 0 2 rn wide 

1.6 

0.5 

1.19 

8.0 

27% 

0.0,27, 
and 70% 

4.3% 

4 .3,6.8 
and 8.6% 

4.3% 

048% 

Masa s a d j  rOam Grad: 2-5 mm dim, c10 yes 
(12 un thick) 3cmthick 

Yes Yes Mortar sznd: 0.1-2.0 
mmdiarn,30crnthkk 15cmtfrick 

Gravel: 3-25 mrn &am, 

Fine sand, coarse sand, 
4Ounthick  3ocmm.k 

Mock (1893) 

. -  

. .  



Table 3. Field slutlies olcapillaw barriers. 

Slope DescriDtion of capillary barrier 
length Flnegrained Coarsagralned Flow measured 

Reference Location (m) Slope(%). upper layer lower layer Interflow Seepage 
Rancon (1980) Experimental trench 1.3 70.0% Fine sand: <O 2 rnm Gravel: 1 .O-1.5 c r ~ ~  diarn, 

Abeele and 
DePooder 
(1984) 
Cartwight et al. 
(1 987) 

Nyhan (1989) 

Kung (19W) 

- ODonne3 el al. 
(1 992) 

JeEnek and 
Modc(1993) 

Warren et a!. 
(19961 

at Sdnt-Paublez- 
Durance, France 
Caisson (3-m4am, 
1 rn deep) at 
Los Alamos, NM 
Four fieM p!ols. 
Sheffield, IL 

Caisson (3m-diam, 
6 m deep) a! 
Los A!a.m, Nhi 
Potato field pbt in 
Central Sand Area 
of Wisconsin 
Georgwerder landfill, 
Hambwg. Germany 
(S3 desgn) 
Lysimeter with condvctiye 
lajer desgn, 
BeItsviTte, MD 
Am Stempei landfi'l 
tesl pld, Marburg. 
Germany 
Landfill with capiaty 
barrier ploi at East . 
Wenatchet, WA 
Fiekl plots in 

diam, 136 vn thkk 

3.0 15% Silty sand: <2 mrn 
&am, 115cmthick 

15 5% fiskilwa barn or Peoria 
b s s  (silt), 61 or 91 un 
thidr 

2.0 10% Ottawa coarse sand: 
0.59- 0.84 mm &am, 
1.4 rn th:& 

wtwash deposits 
3.6 U n k w m  fnteheddxl gtacial 

50 20% Finesand, 
60 cm Ih:kk 

175 m thick 

Gravel: 1.0-2.5 cm diam. 
70 cm thick 

Gravel: 5-9 mrn &am, 
3Ocw61 unthkk 

Gravel: 1.0-2.5 cm diam, 
70 crn thick 

Inleibedded glacial 
outwash depos3s 

Coarse sand and fine 
grael, 25 cm thick 

21 20% Medium sand: 0.21-0.30 Gravel: 1.9 un diam, 
mm diam, 46un thick 10-15 cm th!k 

55 m 17 lo 29% Fine sand, Coarse sand, 
40 cm thick 3ocm thick 

15cmthkk 75cm ulidr 
18 38% Clayey siit lopsoil, Sand: 0.l-I.Omm dim. 

10 4.0% Sandybm. Gravel: 4 .0  cm &am. 



In thc 7 ycm ofour field srudy at the Protectivc B d c r  Landfill Cover Dcmomntion, D 
4ycar and IO-yew cvcnt ~ c c w c d  in tcms of prccipitation inputs to stress thc Imdfill covcfs 
myhm ct nl,,, 1990). Whcn using 3 capillary barrier as thc cnginccrcd barria: our field studies 
show that the topsoil used above thc cnginccrcd barrier docs makc o difference. A lorn topsoil 
with D saturated conductivity of 1.2 x 10" c d s  P I I O W C ~  prccipitation to bc nddcd too quickly to 
thc capillary bark, resulting in rnuftiplc barrier fdurcs (secpngc production) dong thc slope 
Icngth, especially when the ImdfllI design (Loam C a p i l l q  B h a  Dcsipl) hod D slope of only 
5%. If the topsoil cansistcd of n finer-tcuturcd soil, such as a clay loam witb a sntuntcd 
conductivity of2.5 x lo4 c d s ,  thcn cnpillq bmicr failures in the ImdfiIl design wcrc limitcd 
to slope lengths of 7.68-9.70 m and only on plots with a slope of S%* 

(b) Sccpugc Control Recommendations 
Wc have recently discovcrcd dint n p v c l  layer brocntb o landfill cover consisting of 

topsoil undcrIain by crushed tuff can p d o r m  two very i m p o m t  hydrologic functions. The 
gravel Inycr, which isan cffcctive biohausion bank, can effcctivdy slow do\m the downward 
trimsport ofwater in this profile (SCC subscction 1 in subsection Ma above)). ollowitlg more water 
to be avoilabk for dew evapomtion in soil profiles containing topsoif and w h c d  a. In 
addition, soil water inliltrating this cover from snowmelt colIccts in tbe cltlshtd ruff nbovc the 
p v e l ,  and is tmnsported horizontally in i n t d o w  above the gmvc1 layer. Bctween thc cnbmccd 
cvnpontion and the interflow that is produced, only a small mount  ofs~epngc~occurs through 
this design. 

Whcn dit  topsoil used in a c3pil l~y barricr design consists ofa clay loam, the capillary 
bm'a cm pcrform sntisf;lctonly to eliminate secpngc from occumbg (Nyhm ct d., 1993, 1997). 
However, thc slope of thc capillq barrim needs to be 10% or I q e r  for this to happcn 

'I cffcctivcly; seepage docs occur at thc bottom of U 10-rn long plor when tbe slope is ody 5%. 

(4) Summary of Rccommcndutions for 1L:rndiill Cover Designs 
Although most of thc rccommcndations from cnch of the risk pathway subsections listed 

ubovc in this section CM simply bc summarized here, some of thc rccommmdations cad up 
being competing rccomrncndations, This is not surpn'sbg upon considemban of tbe water 
balance equation (Equation S), and simple bydrologic rclotionships. Table 4 rcprcscnts an 
attempt to analye o fcw of thcsc factors by cmnining the waste mmagcmcnt options to rcducc 
risks associated with biointrusion, erosion and sctpngc and the problems associated with thcsc 
mmngcmmt options. For cxornplc, smd1 slopcs would have n tendency to favor low erosion, 
but wouId favor secpagc (Tablc4). We also tricd to bring out II point madc by Makonson (193s) 
that bioinwion bm'm lx~ve not bcen field-tested using ltvgcr lifc forms such 3s shrubs and 

H O W C V ~ ,  wc do know tbat p v e l  biointrusion bnm'crs art effcctivc in rcdu&g 
biohtmion and that they cm cnbmcc deep evaporation in landfill covers consisting o f  
ovdying layus of soil and crushed tuff as well as helping to divm infiltrating snowmelt 
honzontrtlly, Tlius, such n configumtian could bc used on an MDA in II rcl~tivcly dry climotc 
yhm only il small mount of sccpprrgc might be gcnmtcd and the engineered bonier (in this 

. case, the p v c l  lycr) used did not have to bc as cEcient as either P hydraulic b a n k  or a 

mcs. 
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rahle 4. Summary of Waste hlarugei 
Uiointmsion Associated 
Options Problems 
Fencing, Keeps out 

gophers, not 
plants 

performance 
Lsith shrubs and 
frees 

bioin tmsion 

Gravel layer Unknonn 

Geotextile lager Limited 

Soil conipaction Limited 
and thickness biointrusion 

!nt ODtions for Waste Sites 
Associated 

Erosion Options Problems 
Low (5%) Limited crosion 
landfill cover control 
slope 
Partial gravel Alfow infiltration, 
cover reduces evaporation, 

not permanent 

tligh plant cover increased 
. biointiusion, not 

permanent 

Seepage-inlcrllow Associated 
3ptiom Problems 
Mid-high landfill Conflicts uith low 
cover slope slopes for erosion 

R w k  biointrusion Liniitcd sccpage 
layer control, iinknoii-n 

hydrologic effects 
with plant roots 

hydrologic effects 
with plant roots 

hydrologic effects 

Capillary Ilariier Unknow 

t Iydraulic barrier Unknoin 

. \\ith plant roots 
lnterflow trench hiay be no 

inter flow 



-. . 

.. . , . .  , . .  
. .  , 

... 8 .  

'4 : , 

. .  . 

I *  

capilluy barrier in reducing sccpagc through the landfill cover. In conast, this approach would 
not work for D wcner MDA sitc, whcrc increased scepngc md interflow would bc D larger 
problem, 

Wc also know from many studics that partial p v e l  layers can rcducc soil loss by over an 
order of magnitude, so that this will bc a good rccornmtndadon at all MDA sites. h y  cffccts 
rcliltcd to incrcascd infiltration and reduced evaporation will be off'sct by incnucd plant biomass 
with timc (Nyhm et de, 199S), which will augment the erosion control provided by tbc htid 
pruzinl p v c l  cover. 

G. Dcsigns for Landfill Covers 

., I 

. I .  

.% 

(I) Ovcrview of Landfill Covcr Designs 
We are proposing that two altcm3tivc landfill covcrs be uscd for an MDA dcpcnding on 

rhc hydrologic conditions and contaminant sourcc term at the MDA, in light of the prcceding 
consideration of the: risk pathways and their nssociatcd mmtlgcmcnt. The Crushed Tuff- 
Biointmsion Lnndiifl Cover &urc 5 )  is proposed for usc for MOAS at dry sitcs with prc- 
existing slopes of about 5% and with low human md ccologicd risk, whcrr the rcltltivc 

v importance of risks is: bioinrrusion erosion > secpagdintcrilow. An cxamplc of D site whcrc 
Chis landfill cover could bc used might bc AMDA-G, The Capillary-Biointrusion LmdfXl Covcr 
(Figurc 6) is proposed for MDAs at sitcs that arc wcttcr than the previous sitcs and/or that have 
highcrpotcntinl liumnn and ccologicnl risk, whcrc thc rclative importance of risks is: biointnrsion 
2 seepagdintcrflo~ > crosion, An cxamplc of a site wvhcre this InndfiII cover could bc uscd 
might be at an MDA closer to thc Jcmez Mountains that might rcccivc lager mou11ts of 
precipitation than MDAs located on thc cctstcm portions of the hbomtory. 

Ficld performance dnt3 arc nvailnblc for ?WED, EPA, m d  DOE to support the performmcc of 
both of thesc 1;mdf~ll covcr designs fiom scvcnl sourccs: the Protcctivc Barrier Landfill Covcr 
Drrnonstrntion plots, Field studies of cngincmd C O V C ~ S  tcstcd at the pilot scdc and on o c ~ l  
wnstc sites, and natunl analog studics in Ponderosa Pine forests and Pinyon-Juniper woodlands. 
Wc just pcrformcd ;1 study for thc ER Project where thc watcr balance pcrformance of the 
Crushcd TufGBiojntrusion Landfill Covcr was summarized for thc time period bcrwccn 1991 
through 1997 (Brcshcm, 1999). 

' 

(2) Specific Land511 Cover Design Dctstils 
Information is prescntcd on tbc materials nccdcd for the landfill COVCIS, the proccdurcs 

for compacting tbc soil layers of thc cover, the S ~ C N C S  to control run-on, moiT, and interflow, 
and the post-closurc monitoring systems to be installed. 

(a) Materials Fccdcd for Landiill Covcrs 
Figures I and 2 show the m g c m c n t  and depths of thc variaus soils ta be uscd in tbc 
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Vegetaion with Partid 
Gravel SurfaceTteatmnt 

Figure S. Crushed Tuff-Biointrusion Landfill C o v a  (5% slope), 
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two landfill covcrs. Wc arc assuming that tlic slopcs of tlic soil lnycrs in thcsc t ~ o  desigis arc 
p;lrilllcl and that thcsc two dcsigns will bc installcd with 5% ond 10% slopes for thc Crushed 
Tuff-Biointrusion Landfill Covcr (Figure 5 )  and thc Capillary-Biointrusion Landfill Covcr 
(Figurc 6), rcspcctivcly. More sitc-spccific cnginccrcd dcsigns will d c d  with slope and othcr 
topographic fcaturcs at ;I later dntc. 

Descriptions of all of tlic mstcrials to bc purchascd follows, dcscribcd from thc top of the 
final covcr to thc bottom, but not including the componcnts of t l ~ c  post-closure monitoring 
system, which arc dcscnbed in thc following section. 

Somc of the soil materials can bc obtaincd locally, such as thc tuff and the clay loam 
topsoil, which might bc stockpilcd at a fcw MDAs; somc of shc current wastc sitc opcrators have 
mkcn our rccomrncndorion to scrap tlic topsoil off of the sitc wl~cn initially installing a landfill. 
Howcvcr, thc rcst of the materials cannot bc obbincd locally for hvo rcasons: (a) materials with 
acccpoblc spccifications arc not available in any of dic MDAs or borrow arcas around thc 
county, and (b) thy cannot bc transpoflcd fiom onu u c a  IO anothcr within thc Laboratory. 
bccausc of thc potcntid for sprcading conurnination arotind the Labontory. Thus, if acccptablc 
soil matcrirrls could bc found within a Laboratory arc3, cxpcnsivc chamctcriz;ltion of tlicsc 
backfill mntcrials would havc to bc pcrformcd to provc thcy wcrc not contaminntcd, which 
would not bc timc or cost-cffcctivc. 

Matcrial rcquircd: 
(1) Vcgctation with partial gavel surfacc trcatmcnt 

Thc vcgctativc trcatmcnt will consist of applying a rnixturc of gasscs (nntivc to 
thc clcvation of thc spccific MDA) to thc topsoil. Wc will thcn apply a 70% 
surfacc covcr of mcdium gavcl (8.0- to 2s-mm diom) to control soil wntcr 
crosion until LIIC vcgctativc stand gcs cstsblishcd. 

Thc loam topsoil consists of il2:1: 1 (V:V:V) misturc of topsoil (either a loam or 
D clay loam), sand, and ngcd sawdust (q9.5-mm d i m ) ,  as can bc commonly 
purchascd in bulk at scvcrnl local landsalping firms. 

The tuff is obtained from JCI, who minc it south of thc truck route ncar TA-53, 
crush it with hcwy cquipmcnt, and thcn bring it to thcir asphalt batch plant 
(rcccntly-clenncd), When thc cnrshcd ruff is scnt through thc plant it is both 
scrccned (0.125-inch dinmctcr) and dricd, and watcr is added to the tuffbcforc it 
is dciivcrcd to thc sitc as a material at known wntcr content for optimum 
compaction. 

A high conductivity MlRAFl gcotcxtilc is uscd to kccp finc particlcs out of the 
undcrlying soil or pavcl layer, and to maintain a sharp intcrfacc bctwccn soil 
layers, Wc Iiavc uscd n 600X brand gcotcxtilc with a conductivity of 0.024 m/s 
obtaincd from MIRAF1, El Two, CA for tbc last 20 yea!%. 

(2) Loom topsoil 

(3) Crushcd tuff  

(4) High-pcrmcability grotcxtilc 
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(5) Medium p v c l  
This p v c l  (S.0- to 25-mm d i m )  can bc obtained at locd sand, p v c l ,  and 
ccmcnt plants. 

T ~ I C  clay loam is milppcd DS thc H ~ k r o y  clay loam in the soil S W C ~  of the 
county, and is usually scrccncd through 3 --inch screen bcforc using, 

A sand and p v c l  company in Albuquerquc madc the fine sand (0.05-0.425 mrn 
d i m )  ,with a sand classifyinghlcndins tank systcrn Cportcc Kolbcrg Division, 
Ytmkton, SD). 

I '  (6) Clay lorn topsoil 

(7) Fincsmd 

Tnblc 5 presents the s a m t c d  conductivity of each of the soils matcrhls dcscnbcd nbove 
for additional matcrhls spccifications. We arc currently not sure of the cxnct quality control 
variances on thesc saturated conductivity vnlucs; this is a subject for furtbcr study and nceds thc 
input of a good cnginecring fm with cxpcricncc in this ficld. Part of the mswa to this qucstion 
is dcpcndant on the packing dcnsitics of these materials in the field, as covcrcd in the next 
subsection; thc rcnson for this, ofcoursc, is that soil compaction and s tun tcd  hydraulic 
conductivity arc directly corrclatcd. 

' 

(b) Proccdurcs for Compacting Landfill Cover Layers 
The top of thc operational cover and the new lnndfill cover should be compacted just as if 

a Laboratory building wcrc to be built on the surfacc in terms ofcornpaction. This is done to 
prcvcnt massive srttlcmcnt and subsidence of the new landfill cover. All of thc soil materials 
used in cach landfill cover design cxccpt the medium p v e l  (Figures 5 and 6) Will bc compacted 
in 14?-lnycrs, except for thc 0.5-fbthick loam topsoil. Labontory cornpaction tests will bc 
pcrfomcd on thc sands using Standard Test Methods for Maximum Indcv Density of Soils Using 
o Vibratory Tnblc (ASTM, 1979; Test Mctliod D42S3-83) and on the othcr soils using the 
Modified Proctor Method (ASTM, 1979; Test Method D 1557). 

To detcrminc how many Proctor determinations should bc pcrfomcd on each type of soil 
material ernplaced in the covcr, wc suggest the following procedure be followed. Aftcr the first 
layer of each type of soil matcrid is added to thc new covcr at the MDA nnd compactcd, a set of 

Tablc 5. Hvdrolocic data for soils mntcnals. 
Soil dcscription Saturitcd conductivity [cm/s) 

Lorn topsoil 

Fine sand 
Cmshcd tuff 

Mackroy clay lorn 
5.7 x 10-3 
2.5 x 1 0 4  
1.2x 10-2 
s.2 x 104  

Medium p v e l  2.0 
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24 Proctor measurements of soil watcr content and bulk density will be collccted ovcr tlic depth 
of the ncwly-placed lnycr cvcry 6 fi down tlic Icngth of thc laycr applicd at thc MDA. A 
scrnivuiograrn analysis of this data will bc pcrformcd, which might show, for cxample, that only 
S Proctor dctcminations arc necessary to charnctcrizc the compaction of cach Iaycr of the samc 
type ofsoil. The Ionm surfacc lnycr and thc clay loam surfacc Iaycr will be compacted to 
avcragcs of S7% (CV = ;A%) and 92% (CV = 3.3%) of tlic maximum dry unit wcight fiom 
standard Proctor compaction, respcctivcly, Avcragc vducs for rhc fmc sand and crushcd tuff 
will bc 96 and 90%, rcspcctivcly; witti acccptablc CV's ranging from 1.5 to 2.7%, 

H. Designs for Post-closure Monitoring Systcms 
Thc dcsigs of thc cnginccrcd stmcturcs and post-closurc monitoring systems crrch 

specific MDA wil1 have to be t:iilored according to the needs of cacli sitc. For example, an 
cngincering structurc to control runoff, run-on, and intcrflow (rhc horizontal flow of watcr within 
the natural soil or landfill covcr) cntcring and Icaving the site may nccd to be built around thc 
sitc. This cnginccrcd structure must bc dcsigncd to thc s i x  and spccific location of cadi MDA, 
sincc cach MDA will havc a uniquc mil contributing run-on, for cxamplc. 

Post-closurc Monitoring Systcms will be installed in and around thc ncw landfill covcr 
and in borcholcs locatcd through and bcncntli the MDAs, if  availablc, We will only addrcss 
watcr balancc monitoring within thc ncw landfill covcr and tuff water monitoring bcncath thc 
waste site in this rcpon, and not monitoring for contaminants. In tcrms of landfill covcr 
monitoring, wc arc suggesting solving the watcr balancc cquation (Equation 5 )  using nn 
automated data acquisition systcm, due to thc episodic n m u c  of thc wntcr bdancc pnramctcrs. 
Wc will do this to show that wc rcduccd sccpagc (S) and divcrtcd and mcasurcd intcrflow (I) and 
runoff (R) within and on top of thc I;indlill covcr, whilc mcnsuring thc cliangc in soil water 
inventory (AS) and prccipitntion (P), and dctcrmining cvapotrmspirntion (ET) by diffcrcncc, as 
summarized in Equation 5: 

CEq. 5 )  AS - P I) ET - R - S - 1 

We suggest that bcforc the new landfill COVCT is constructcd over thc currcnt, ncwly- 
compacted operational covcr, 5-6 sccpagc collcction strips (about 2-ft wide) bc Inid out over 
cach XTC of thc iurrcnt surfacc (sec Fiprcs  5 and 6). Thcsc strips will contain MDPE floors and 
sidcs, and will function as Frcnch drains madc to collcct watcr pcrcolnting vertically tllrough d l  
of thc soil layers in Each landfill cover design, This will allow us to say how much watcr 
percolates into thc undcrlying wastcs at each sitc, i,c, - thc cffectivcncss of the landfill covcr 
design in divcrting infiltrating wntcr. 

Onc of the bcncfits of scvcral of the pilot studics on landfill covers is that gmvcl 
bioinmsion barriers wcrc found to promote intcrflow (Hakonson, 1936; Nyhan et al., 1993, 
1997). Thus, intcrflow will be gcncratcd within tach covcr as a rcsult of water accumulating and 
bcing transponcd horizontally at citlicr thc intcrfacc of thc crushed tuff and thc gnvcl (Crushed 
Tuff-Biointrusion Landfill Cover) or within thc capillary barricr at thc bottom of the fine sand 
layer (Capillary-Biointrusion Landfill Cover). Thc objcctivc will bc to mxtimizc intcrflow SO 11s 
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to rninimizc seepage, SO wc wilI claim succcssful divcrsion of known mounts of water cvcry 
spring as snowmclt pcnemtcs tlic landfill covcr. This water has to bc divcrtcd away from thc 
covcr and the MDA anyway, and mc3surcments of interflow can be used to support landfill 
cover pcrfommce standurds. 

Runoff from thc cntirc site is similar to intcrflow in that it has to bc divcrted and c d c d  
away from thc entire MDA covcr, so this also can bc mewred,  as wcll as precipitation and 
snowfall at thcsitc. Thus, only chnngcs in soil watcr contcnt aced to bc dctcrmincd to solve thc 
water balmcc equation, since ET is dctcrmhcd by diflcrcncc. 

Flows of sccpugc (if tlicrc is my), interflow, and runoff will bc mcasurcd with prcssurc 
umsduccrs in tcrnpomry holding tanks that will bc cmplaccd bclow-pound, outside of thc 
landfill m a ,  and in n flow collcction system. The prcssurc transducers will bc conncctcd to data 
logscrs that will rnexmrc t h s c  thrcc flows and nutom;ltically cmpty the holding t;ulks. Sincc 
thesc dntn loggers will bc automntcd, wc will bc able to monitor daily episodic cvcnts and solvc 
thc wntcr balancc cquation on a daily basis if ncccss;lry, Sincc thcsc flows will bc tcrnponrily 
stored in holding t3nks, wc can also samplc thcsc flows for contaminants, and in thc cuc of 
moff ,  for scdimcnt concentrations. 

The final pmt of this Post-closurc Monitoring Systcm will consist of Time Domain 
Rcflcctorncuy (TDR) wavcguidc pairs installcd in tlrc c o w  which will bc used to dctcrminc soil 
water contcnr to estimate AS tcnn of tlie w m x  bslancc cquotion, Thesc will also bc conncctcd to 

a data logger, which will nutomnticdly collcct soil watcr content data as ficqumtly as is 
neccssq.  We me proposing to install waveguide pairs at 12 sampling locntions per PCR and 
cmplacc one wtlvcguidc pair for cvcry foot of dcpth in the Imdfill cover at each location (scc 
summary in Table 6). Current studies arc in progcss to furthcr cvaluatc more prcciscly how 
many sampling locations will be ncccssary to cvaluatc this impocant water balance pmmctcr. 
Howcvcr, this sampling location density is much lower tlm that used on the Protcctivc B d c r  
Landfill Cover Demonstration plots (4 locations per 100 square fi), and is similar to (1) the 
sampling dcnsitics for neutron probe access tubes proposcd by thc Environmental Rcstontion 
Project nt Sandia National Laboratories for thcir Mixed Waste Landfill and (2) thc tight 
monitoring cclls equipped with TDR at mixcd wastc cell U3o.u/bI Iocntcd in Area 5 of the 
Nevada Tcst Site. 

In addition to the mcaslrrements of volumcmc watcr contcnt callccted within thc landfill 
covcr (Table 6), w e  might hnvc an opportunity to mcasurc the water content of tuffbcncnth M 
MDA. Evactly how md whcrc thcsc rncasurcrncnts arc collcctcd will be dcpcndcnt upon site 
chmcrcrization d3t3 and contaminants prcscnt at thc MDA. HOWCVU; if borcholcs bmc bccn 
drilled bcncnth thc sitc, thcy could either bc instrumented with TDR or cquippcd to rcccivc a 
neutron m o i s m  probe to monitor soil moisrurc migration bcncath the waste site. If TDR is 
used in these sampling Iocitions, one TDR every 10 ft beneath the MDA should suficc. 
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Table 6. Numbcr o f  soil moisture samples collcctcd for cach 1andfill cover dcsim. 
Nurnbcr of dcpths Total number of soil 

Landfill covcr Numbcr of sampling snmplcd/sampling m o i m c  samples 
dcsign locations pcr a a c  location pcr acre 

CMhed Tuff- 
Biointrusion Cover 12 3 36 
Capillary- 
Bioinmsion Covcr 12 5 60 

I, Summaly 

Aftcr delineating scvcral gencral assumptions, two ill tcrnatjvc landfill covm are 
proposcd for an MDA using M lntcpatcd Risk-Bnscd Approach For Landfill Cover Design, An 
nnalysis of previous a~sc~srnents of risk at LANL and thc Pcrformmce Assessmmt and 
Composite Analysis for MDA-G dcmonstratcd that bioinmsion, crosion, and sccpagclintcrflow 
risk pathways should bc of prime imponancc, Tcchnology dcvclopcd conccrning thcsc thrcc 
major risk pathways was cvaluatcd using results of srudics from the Protective Banicr Landfill 
C ~ v n  Pcmonstration plots, from other ficld studics of cnginccrcd covcrs tcstcd at thc pilot scelc 
and on actual wastc sitcs, and from nnrunl analog studics in Pondcrose Pinc forests and Pinyon- 
Juniper woodlands. Various options to rnanclgc thcsc risk pathways wcrc also cvnluatcd and 
final rccommcndntions on how to bcst manage thcsc wctc madc, and w r c  used to support tlic 
f ind  two landfill cover dcsigns. 

The rcsults of this analysis were that the Crushcd Tuff-Biointrusion Landfill Cover will 
gcnemlly bc uscd for MDAs ;It dry sitcs and with low human and ecological nsk, whcrt thc 
reiative impomncc of risks is: biointrusion > erosion > sccpage/intcrflow. Thc Capillary- 
Bioinmsion Landfill Covcr will bc uscd for MOAS at sites that arc wcttcr than the previous sitcs 
mdor that hmc higher potential human and ccologicrrl risk, whcrc thc rclativc impomncc of 
risks is: bioinmsion 2 sccpage/intcrflow erosion, Spccific details for the soil matcrials nccdcd 
for thcsc two designs arc given for cost cstimntion purposcs (currcnt baseline planning for the 
ER Project), as wcIl as proccdurcs for'compacting the Iandfill covcr layers. 

Finally, designs for post-closurc monitorhg of thc landfill covers and for tuff water 
monitoring bcncath the MDA arc proposed. In tcrms of landfill cover monitoring, we arc 
suggcsting solving thc watcr balancc ccjuntion using an automatcd data acquisition systcm, duc to 
the cpisodic nature ofthc w t c r  balance paramctcrs. Post-closure monitoring instrumentation 
and sampling location densities arc proposed for the wntcc balance pmamctcrs to be mcasurcd at 
cach MDA rerncdiatcd. 
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