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1. NTRODUCTTON 

Thc Los a m o s  National Lnboratory (W) gcneratcs radionctiivc wmtc as a result ' 

of variouy activitics, , Operational wnstc uis generated by nuclcur weapons research and 
dcvclopmcnt, onera production: and m d c d  MSCLVC~, while cnvironmonth rcutordon 
(m and decontamination and deco&issioning (DU) wasto is gcnoratcd as contaminated 

sitcs and facilities nt WliiL undcrgo elcanup or nmcdiation. Much of this waste is low- 
lovol radioactivc wnste (UW and iY disposed of at tho Technical Aroo 54 (TA-641 Material 
Disposal &en C W A  GI disposd facilitYb 

U.5. Department of Eaerp (DOE) Order 5820.U (DOE, 1985) requires that * 

radioactivc wasto be manapcd, troatcd, and disposed of in a m m c r  that protcccts public 
hcnlth and safety, and thc cnvironrnant. To comply With this order, DOE. field-sites must 
prcparc and mrrintah sitespecific radiological performance ussessments for nll active LLW 
disposal foalitias.. Each DOE site muat also p r o p m  end maintain n compositc andpis 

which accounts for the cumulative impact of active and planned U W  disposal facilities and 

othcr sourccs of radioactivc contamination that could interact with &csc facilities (DOE, 
, 19961, 

LQTL cornplcted tho latest drafts of' thc'iMDA G pcrfonnnncc nssevvmant and 
composite analysis in March of 1997 LAN%, 1993. Those analyses estimated rates of 

rcldionudide rcicaso from the waste divposcd of ut thc fad@, simulatcd the movcIrnent of 
rndionuclidas through thc onvironmant, and projected potontial radiation doses to  humam 
for scvcrnl on- and off-site cxposurc sconnriorr. The assessments wcrc bascd on site and 

disposal facility dam, and assumptions about future rates and methods of waste disposal. 

Tho accuracy of  thc performance nssevvmcnt and compositc analysis depends upon 
the vnlidity of the data and assumptions made in conducting the modeling anolysru. DOE 
field sitcs am requircd to implcmcnt a performance assessment maintcaance program, The 
purpose of this program is to cnsufc thc continued applicability of the andysiv through 



jncrcmcntal improvement of thc levcl o f .  understanding of the disposal siec and facility, 

Site pcrsonncl arc required to conduct field and csperimcntd work to reduce the 
unccrtainty in thc data and modcls uscd in thc assessment. While the maintenance 

prognm is designed to specifically addrcss the performance assessment, the same modc l in~  

methodolou was uscd to conduct thc compositc analysis for rMDA G+ Consequently, insight 
gained from activities conducted under the LCWL pcrfomnncc assessment mainrcnnnce 
program will also generally apply to thc composite analysis, 

The projected off-sitc cxposurcs for the. performancc nssessment and composite 
analysis wcrc p e a t c s t  for the ntrnosphcric pathway. The peak dove for the composite 
analysis was projcctcd to occur as n result of plants and animals intruding into tho disposed 

waste and moving contamination to the ground surface. This concaminacjon was suspcndcd 
and tranuportcd t o  downwind locations with the prevailing winds, exposing hypothatical 
receptors to conramjnatjon n t  those nitcs, A peak dove of npproximntcly 6 r n r c d p  wiu 

estimated for the composite analysis at thc raccptor location in Canada dcl Bucy, A worst- 

case estimate of the potential dose, taking into account modeling and darn uncertainties, 

exceeded the 30 and 100 mrcm&r performmcc objectives for this pathway. 

T h e  magnitudc of the unccrtainty asuociatcd with the composite analysis 
atmosphcric pathway doses is unacccptablc. Consequently, cfforts were initiated under the 
performance assessment maintenance program to rcfinc C11c modeling conducted for this 

pathway, wherc dccmcd appropriacc, and t o  rcevnluntc the sourccs of unccrtainty 
associated with thc pathway. Tliu nnalysjs will nddrcss thc modclv nnd data used to 

cstirnata radionuclide releases duc to plant and animal intrusion, to ascimntc rcsuspcnsion 
rntcs for surface contamination. and t o  simulntc atmospheric transport of airborne 

contaminants from AMDA G to human rcceptor locations in Canada del Bucy and White 
Rock. 

This repon documents the reevaluation of the biotic intrusion modcling pcrformcd 

to estimate the transport of contaminants to the ground surfacc. The approach ndoptcd to 
conduct this analysis is discussed in Section 2. The results of the analysis arc prcscntcd in 

1-2 



Section 3, and dkcusscd relative ca chc resuh  prcscntcd in thc Much 1997 draft of thc 

porf'ormnncc msessmcn t and composite analysis (WNL, 1997). 

' 
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2. RIETEODOLOGY 

The extent to which radionuclides arc tranupoficd to  the a u r h c e  of &fDA G as a 

result of biotic intrusion is proportional to thc dcgcc to which thc roots of planw and 
, burrows of animals penetrate into the disposed waste. Estimates of thc extent of intrusion 

following closurc.of thc disposal sitc wcrc prepared for the MDA G parformancc asscsurncnt 
and composite analysis. However, aysumptions about the lonptcrm maintenance of the 

disposal site played a critical role in the manner in which tk iv  modeling was conductcd, 

T11e assumption was mudc that mcasurcs would bc taken during thc 100-year active 
institutional control pcriod to cffcctivclp prevent intrusion into the wilstc. Furthcrmorc, 

only moderate disturbance of the site v m  assumed to  occur between thc end of active 
institutional control and thc end of thc 1,000-yenr compliancc period bccausc of actions 

taken undcr the sit& long-term maintenance plan. 

Consistent with the ussumption’ of long-term prcvcntntivc rnaintcnancc, the plant 
root distributions uscd ‘10 modcl contaminant transport t o  the ground surfacc were selected 
to rcprcucnt spccics with modcratc rooting charactcristics (W, 199’9, A maximum 

rooting depth of 2 m was used to modcl disruption of the waste undcr baseline, or cxpectcd, 
conditions following the end of nctivc institutional control. While the majority of plant root 
biomass is, in fact, expected eo occur within 2 m of the ground. surfocc (Ticrncy and Fo.xx, 
19S’;), thc use of this ma..rnurn rooting depth does not expIicicIy account for roots that 
extend to  greater dcpchs. The potential for disruption of thc wnstc by burrawhg animals 

was cvnluatcd for thc performance assesyrncnt: ,and composite analysis using n single 
representative spucics pnecerncd aftor the docr mousc. Although this spccjcs is tho most 

common bunowing specics obsenfcd at  BIDA, G, trappinE studics and visual obscn*ntionu 
have indicated the prcacncc of othcr spccics that map pose il mcatcr risk to the integrity of 

thc disposed waste. 

AI in all. thc iippronch uscd to  estimate the impacts of biotic intrusion for the AMDA 

G performance assessment and composite analysis relied on long-term site rnclintcnancc to 

2- 1 
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confine disturbnncc of thc waste to modcratc lcvcIu, This approach is valid if it can bo 
asuurod that the mahtcnnncc program will bc effectiw in ridding the site of deep rooting 
plants nnd minimizinr divturbnncc of the sitc by b m o h g  species. However, if the 

maintcnmcc program is inctK'cctivc or is not implamcntcd properly, the results of the biotic 
intrusion modcling conducted for the MDA G performance trssesament and composite 
analysis may bc invnlidntcd. Rccognizing this. a rnox comprehensive cvnluation of the 

impacts of biotic intrusion was undcrtakcn. 

' 

The uppronch adopted for the updntcd biotic intrusion modcling is described in three 

sections. Section 2.1 provides P gcncrtll ovcrview of the approach, and some of the 

background information requirod to understand the models and data wed t o  implement 
thorn. The models used to project rates of biotic intrusion into thc disposed wnstc'ore 

described in Section 2.2. The data used to hp lcmcnt  thc models are prcventcd and 

discussed in Section 2.3. 

2.1 -PRQACEI 

Thc updated biotic intrusion modcling analysis iY based on the usumption that no 
steps arc tekcn to prevent thc cstablishmcnt of plant and Lmimal species at the closed' 

disposal facility. Undcr thcse conditions, the degree t o  which the disposed ~ n s t c  is 
disrupted will be dctcrminud by the nilrural rooting characteristics of thc plant spccies that 
inhabit the sitc ond thc burrowing habits of the resident animals. Plant species inhabiting 

the site shortly aftcr facility closure will consist of annual and pcrcnnid grasses and forbs 
that arc used to  sccd the site or that invnds from stmounding areas. Over time. however, 
the site will undcrgo ccologicd succcssim,, @ins rise to  drmaticdly diffcront plant 
communities. Thc species and numbers of animals living in the area will shift in rcspome, 
t o  changcs in the plant community. 



The cSfccts of ecological succession on the potcntid for biotic intrusion were taken 

into account in thc updated biotic intrusion modeling. This was done using DVO separate 

simulations, Thc first simulation considcred the potcntial for biotic intrusion shortly aftor 

the disposal facility is closed. Closurc activities, including the application of final covers, 

contouring of thc site, and the cvtclblivhmcnt of vcpmtion, were avsumcd to lcavc thc site 

in a disturbed condition. Initidly, dominant species of vcgctadon will include annual and 

I pcrcnnid punscs and forbs, Shrubs and half-shrubs will  invndc the a m  within a fcw 
ycnrs time. The second simulation modclcd biotic intrusion after thc sitc has undcrgonc 

ecological succession and hns nchicved, or is dosc to, a climax condition, Trees will be the 
dominant feature of thc plant community, although ~ ~ Y Y C R ,  forbs, and shrubs will continue 
to play n role in ccovystem functioning, 

The use of t w o  scpnrotc simulations to cstimntc thc effects ccolo~cal  Yuccausion has 
upon biotic intrusion potcntinl ia artificial insofar m rharc \vi11 he II pndurrl trnnsition from 

the site in its early successionnl stages t o  thc climax condition. Modeling this transition 
would bc difficult at best, and subject to n high dcpcc ofunccrtainty. Gjvcn this, the use of 
two discrctc simulations was considered to be o rcnnonoblc appronch to  undcrsmnding tho  

offccts that  sitc dynamics may have upon biotic intrusion. 

Bnuclinc simulations of biotic intrusion wcrc conducted for cnrly successional Ntagca 

and climax conditions usinK best estimates for each of the modcl input parameters, Sourccv 
of uncertainty nssocktcd with thc mod& and dnto used to conduct thcsc simulations, 
however, will introduce errors into the projcctcd impacts of biotic jntrwion. Thc nature 

and mcgnitudc of thevc errors need to be understood in order to conclude, with II rcasonnble 
level of confidcncc, that LMDA G is capablc of safcly isolating the waste from thc 

environment, Towards this cnd, uncertainty and sensititity nnalyscs wcrc performed. 

While thc models used to simulate biotic intrusion at; &IDA (3 l~nvu unccrtaintics 

associated with thcm, t h y  arc expected to provide rcnsonably conucrvctth cstjmntcs of thc 
actual impacw of plants and animals nt the site. In contrast, the uncertainty nssociatcd 
with many of the input  parameters uvcd t o  implement the models is pant, Errors 
introduced intosthe modeling by thcsc uncertainties may also be significant. Given this, the 



! , '  

uncertainty analysis focused on model parameter uncertainty and its impact on the ability 

of &IDA C to 'sntisfy refiulatory rcquircmona. The sensitivity analysis w*as performed to 
identifj. thc input parmctcrs to which thc projectcd impacts of biotic intrusion were most 

sensitive, The analysis took into consideration the uncertainties associated with the model 
parmatem, as dcfincd for the unccrtninw md*wis. 

Thc biotic intrusion modcls developed for the MDA G pcrfomunce usessrnent and 
composite analysis (LANIL, 1997) were also uscd for this updated modoliag. Tho modo1 for 
plant intrusion is based on thc assumption that roots of plants firowing ovar the aito c.rtcnd 

into the buried wasta. Thc roots c.xtcnding into the wnstc tnkc up radionuclides, which LVC 

ngsimilnted by the plants, Littcr is formed t19 plants die and shed their lenvos, 

constructing burrows for cover or as a means of foraging mny also penetrate the disposed 
waste. Contamination trmsportcd to tho surface may bo rnivcd with cloan soil cxcuvoted 

from tho portions of thc burrows that lie above the waato, und sprcad over thc pound 

surface. 

contnmination in thc plant mntoriol enters the soil ELPI tho littcr docompoacs, A n h &  

The biotic intrusion modcls project radionuclidc conccnbations in thc surface soils 
overlying thc disposal units, nornolizcd to contnminont concentrations in the disposed 

waste, The model for plant intrusion is given by: 

whcrc 

c,y,  ,(t) a 

c,, = original w s t c  concentration of radionuclidc i (Ci/m3) 

,roil canccntrsation of rcrdionuclidc i due to  uptake by plant species j 
Wm') 

frnction of root uoiumc of plant specics j that penetrates into tho waste 
biota transfer factor for radionudidc i in plant species j 
buildup constant for radionuclidc i in plant  specicsj (>T"'> 

R 

=t 

P 

fD, 

Bkl 

k l J  



t = time since facility closure (IT); 
I ,  

a ,  
IC 
.d 

The biota transfer factor for plants, B,,, is the radionuclide-specific plant uptnkc factor, The 
A; 

buildup constant, &,,,J, is dvcn by: 

whcrc e;. 

= 

= maximum rooting depth orplant species j (m) * 

43 

k .*. mass transfer rate to thc SLU%CC soil for plant specics j (kdm'/-vr) 
mPJ + P" = bulk density of soil/ivastc (kF/rn3) 

cover thickness (rnl Lid 
L, f - - 

The mass transfer rntc, m,,, reprcscntu the decay of c o n t h n t c d  plant litter and the 
formation of soil, All litter is assumcd t o  dccay at the site of formation within n y c m  of the 

,,? 
,c) G, 

rime i t  is gcncrated. L 
s-, 4' 

Nonmdizcd sUrf3cc conccntrationu of radionuclides resulting from nnimnl intrusion 

are given by: 

where . .  

soil concenttation of rndionuclidc i due to  inmsion by animals species 
j (Ci/rn") 
fraction of burrow volurnc of animal spccics j that pcnetratcs into the 

C.*.r, = 

f., e: 
i V a S t C  
maximum burrowinR depth of animal spccics j (m) 
buildup constant for animal species j (yr"). 

3 

5 
L,J 
%J 

The buildup constant for animal intrusion is g$ven by: 

where 
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mms. trwfcr rate to the surface soil for animal species j. Oc@rn'/,vr>. 
I 

The mass 'transfer rate for animals is simply equal to thc m o u n t  of soil brought t o  t he  

The t o t d  soil conccntration of P given radionuclide is determined by summing the 

' contributions #from the' various spccies of plants and onimaLr. 
wcightcd by the mass 'transfer rates as shown below: 

These contributions we 

wherc 
c., m t o d  su&icc yoil concantration of radionuclide i (Cum') 
n SI 

m n 

numbct of plmt speacs growing ovcr the closed disposal units 
number of animal species burrowing into the closed disposal units, 

'Surfaco erosion may, over extended periods of time, significmtly rcduco the 

thiclcncss of the covcr mntorid over thc disposed units, thereby allowing .u '&eater 
proportion of plant roots and animal burrows acccse t o  tho wvnstc. Tho cffcct~ of'erosion 
were included in tho  models prcvcntcd abovc in an ad hoc fashion whcn they were used in 
tlio LWA pcrtbrmancc arlseusmcnt and compovite analysis, Including thc cffccts of erosion 
in tho modeling had little effcct on tho projcctcd impacts. In fact, i t  was found that the 

projoctcd rate of crosion for thc sitc would need to incrcnso &nost two  otdcrs of magnitude 
to sipificcmtly affect the projcctcd cL"pouurcs during the 1,000-ycar compliancc period, 
Given this, the impacts of surf'acc crovion wcru not taken into account in this updntcd 

modelin& 



This updntc of' the biotic intrusion modeling is based on thc assumption that no 
attempt jg made to  exclude plants and animals from inhabiting thc closed disposal site, 

Under these conditions, the potential impacts of biotic intrusion upon site performance will 

depend upon the plant; and animal communities that; naturally inhabit MDA G aftcr the 
, facility is closed, Conscqucndy, charactcrizing thcsc communities and how thcy may 

change over timc as the site undergoes ecological succession was an important p a r t  of the 
rcviscd modeling cffort, Once thcse communities werc identified, the data required to 
.implcmcnt the biotic intrusion models wcrc collcctcd. 

Data wcrc collcctcd to  support tbc bwelinc modeling and to  dcvclop paramctcr 

distributions for use in the probabilistic unccrtninn, analysis, The approaches and sources 
of information used to support thc selection of input; parameters for thc baseline 
assessment are discussed in Section 2.3.1, Scction 2,3.2 discusses the information and 

rationale that went into developing distributions for thc uncertainty analysis, 

8.3.1 Baseline Simulation Dntn 

The bascline simulation projcckq ehc impacts of plant and animal intrusion on the 

ability of MDA G to safely isolnto the waste from thc environment using best cstimntcs of 
the model parameters discussed in Scction 2.2. Given thc busic diff'erenccv in thc.manner 

in which plants and animals exer t  their influence, it is not surprising that the data 

required to model thcir rcupectivc impacts arc duo quite diflcrcnt. Thcsc data are 

discussed in the fullowing sections, 
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Plant Xntmsip D ntq 

The input dam rcquircd to model thc potential for plant intrusion at MDA G arc the 

Y~XIC whether the site is asswncd to ba in its early succcssional stages or its climas 
condition. They includc: 

* Plant spccics present at the disposal site. 

Plant root distributions with depth. 

- IEtldionuclidc uptake factors for plants. 

- Plant litter production rates. 

- Thiclwcss of c o v ~ r  over thc disposcd waste. 

Thc ccologiwl chaactcristics of thc UNL and, more specifiwlly, JDA G must be 
undcrstood in order to  d c t c k n e  tho plant spccictl that  will be present at tho disposd site. 
A divcrsc w a y  of plants and mimnlu is found in thc Los A l m o s  region, owing t o  the large 
clovntiond gradient between tho Eo Grmdc River (1500 m above mean sen I c v d  and the 

Jemcz Mountains (7000 m above mcnn sea level), and the canyon ar.d mesa tcrrain (DOE, 
1979). Six major vcgctatiue community typcu are found in Lou Aamos County including 
juniper-grassland, pinyomjuniper, pandcrvvn pine, mhcd conifcr, spruce-fir, and subalpine 

grassland. The junipcrpusland, pinyon-juniper, nnd ponderosa pine cornunities 
predominate, with cnch occupying about one-third of fhc Laboratory. The juniper. 

grassland occurs along thc Eo Grandc and tho cutern bordcr of thc Pqjjarito Plateau, 
cxtcnding up eo elevations of 1,700 t o  1,900 m on the south-fnkg sides of canyons. The 
pinyon-juniper community covcrs large portions of mesa tops ut clcvations ranging h m  
1,900 to 2,100 m, Ponderom pines arc found at clavadons ranging from 2,100 t o  2,300 m in 
thc westcrn portion of thc platcou. 

* 

Uadisturbcd;zrenu on Mesita del Bucy, the mesa upon which A D A  G is loeatcd, arc 

dominated by pinyon-junipcr woodland. Pinyon pines (pinus cdulis) and onc-sced juniper 
(Junipcrus rnonoupcrma) arc the dominant tre@ species, while common &rub spccicv 



bcludc big sagebrush ~ r t c m l s i u  tridmtata), f o u w h g  SO1 t bush Wtr&plcx ~a l tcs~un3) ,  

currant Ribcs ccrcurn), and mountain mahogmy (Ccrcacarplu montanus), Blue grama 

pass (Boutcfoua gracilis), cryprogamic soil crust, and prjckly pear cactus (Opuntia 
potyccanrha) arc among the most common undcrvtow phau on the mesa top, Others 

include sn&cweed (Guricrrczia sarol/rrae), pinquc (Hymcnoqvs rkkmf.sonid, wild 

chvsanthemum (Bahia disscctcr), leafy goIden aster (ClrrysopYiS filiosa), purple horncd- 
toothed moss (Ccratadon purputcus), savcrn1 lichen species, three-nwn grass Urhtida 
spp.), bottlebrush squimcltail (Sitanion hystrix), bluepass (Poa spp.), and false tarragon 
(Arrcmiuia dracunculus). Wmtc management operations at MDA G hnvc replaccd a 

number of the understory plants native t o  thc arm. Recently disturbed 3rms Y U P ~ O ~ E  

plants such 3s goosefoot (Chenopodium frcrnontii), Russian thistle (Sulsolu kali), cutlcnf 

cveninc: primrose (Oenothcra cacspitosa), common sunflower (Hclianthus crnuw), and othcr 
colonizing species. Vegetation introduced DS disposal pits ore closed consists of native 

grosses, including blue grama, buffalo grass (Buchloc dacryloidcs), wcs tern wheatnus 
Ugropymn smithii), and dropsced (Sporobolw spp.), and forbs such 3s alfalfa (Mcdicugo 

satiua). 

Based on the information providcd O ~ O V C ,  the diupo.sal units at  MDA G arc cxpcctcd 

to undergo ecologicnl succcmion from their disturbed stcrtc shortly after closure to a pinyon- 
juniper woodland climax, characteristic of the undisturbed portions of Ncuitn del Bucy, 

h n u a l  and perennial ~ U S C S  and forbs will prcdominntc when the aitc is in its early 
successional stages, becoming established LM CUVC~Y over disposal units arc xcedcd and as 

grasses and forbs invade from surrounding arcas on thc ~ C Y L  Over time, shrubs and trees 

will takc! hold and become established at the site. \vhilc somc spccics of pas.qcs and forbs 
will dic out, others will continue to thrive. Givcn enough timc, o condition approximating 

the climax pinyon-juniper woodland will be attained, 

The length of timc required for the site to pays from the early stngcs of succcvsion EO 

a climax condition depcnds upon conditions at  tho disposal site, many of which arc difficult 
t o  predict with ccrtainty. Howevcr, information gathered by h o l d  e t  al. (1964) provides 
some insight into the tcmpord aspects of succession in these communitjcs. Thcsc 

investigators compared transect measurements from burned arcas t o  measurements taken 
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in adjacent unburned pinyon-judpcr stands at thrcu locations in northorn A ~ ~ o M .  

Measurcmcnts were taken in 1964, appro~matc4v 70 to 90 ? e m  Elftcr thc fires had 

clccurrcd, At n sitc that had bccn burncd about SO y c m  prior, rrr?c canopy intcrccpt wvm 

about 0,l  parccnt o f  that in the ndjnccnt unburned m a s :  intercepts of nid-grcwes and 
t shrub cover were 2.5 and 5,s times peatar in thc burned area than in the adjacent mature 

wadiand, Tree cover in 70 and 90 ycrrr-old burns wcrc 12 clnd 25 perccnt oftbe cover 
mouurcd in adjacent unburned comunitics,  grasses and shrubs were still much mom 
abundant in tho burncd arcas, 

Based on tho data from Arnold ct nl. (19641, it appears that mom thnn 100 years will 
bo rcquircd to establish the mature pinyon-juniper woodland at MDA G, This conclusion is 
supportcd by the work of Trcss and Nopatck (19871, who estimatcd the rata of succcssion 

in pinyon-juniper woodlands in northoccntral Arizona bmed on sevcrd post=fire * 

communiticu, Bmcd on croivn cover cutimatcs, it was estimaed that slightly more than 

200 years would be required for the community to return to an "cquivdent" statc, Longer 

periods. of timc far rccovery wcrc indicated by other menvurcs of cormunity structure, 

While thc gcnertll nature of thc vegctntivc covet at MDA G can bc prcdictcd for the 
sitc in its early successional stages nnd clirn% condition, predicting th@ spccics-specific 
coinposition with any dcgrce of accuracy is dificult. Given this, thc plant communities 
present at thc site wcrc idcntificd in terms of the general growth-forms prcscnt undcr each 

sot of conditions, rather than on il spuciewpccific basis, Four m~t;h-f~rm~ wcrc identified' 

t o  imptcmcnt this approach, including annual and pcrennial gruscs, annuul and porennial 
forba, shrubs (including subshrubs), and trees, Grasses. forbs. and shrubs wore included in 
the simulation of tho sitc tvhcn it is in thc early stops  of succession. As stated above, 

grasses and forbs arc expcctcd to be early colonizcn ut the sitc, While few, if any, shrubs 
will occur over thc recently closed disposal units, they are expected to begin colonization o€ 

' 

, ,  

MDA G within a matter of ycm.  Consequently, thc powth-fom was included in the 
simulation of tho  site, The simulation conducted to addrcse climax conditions a t  the 

disposal sitc included a11 four vcgetntion powth-fom, 
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Plant rooting depth distributions providc the infomation required for estimating 
the proportion of the root maw that pcncrrates thc ~vassc and thc maximum dcpth of'plant 
intrusion, the pnmmctcrs Sw, and L,, in Equations (1) and (2). Insofar as the plant 
communitics prcecnt at  MDA G wcrc dcfincd on tho bnsis of powth-forms, the root 

distributions used in the modeling had to haw a simihr basis, These p\$*th-farm specific 

distributions were developed using a combination. of W - s p e c i f i c  data and information 
tnkcn from thc  open litcraturc. 

Fom. et ill. (1984) conductcd an extensive rcvicw of the rooting chartlcterjstics of 
native and crop plants that occur within thc U i t c d  States, Most of thc rcfcrcnccs included 
in thc revkw were studies. pcrfomcd in states west of the Mississippi River, a number of 

species native to the Laboratory were included in the citations, The authors constructed si 

datnbnsc of plant rooting depths, and used this information to estimate rooting depth 
distributions for individual plant species, A distribution was dcvelopcd for a species if 

there were a t  least six data points for the plant, If' thcrc were insufficient spccics=apecific 

data, distributions wcrc dcvelopcd on the basis of plant genera. All told, FO.W et al. (1484) 
developed rooting dcpth distributions for 12 spccics o r  genera of ~ ~ S H C S ,  10 apecics o r  
goncra of fcrbs, and t w o  species OP genera of shrubs. 

. 

Least-squares regression analyses of the data devolopcd by Foxx c t  al. (1984) for 
gras~es and forbs W C ~ C  pcrfomcd to estimate composite rooting dcpth distributions for the 
t w o  firowth=formu. Thc data used t o  conduct these analpes and thc prcdictcd composite 
distributions for passcs and forbs are  shown in  Figures 2-1 and 2-2, rcupcctivcly. Thc 
rooting distributions developed by Fom et 01, (1984) for shrubs were considered inadequate 

for estimating n composite rooting depth distribution for thc growth-form, Consequently, 

thcve data were supplemented with data for M O  additional shrub species, four-iving 
saltbush und rabbitbrush (Clrrysotlramnus spp,), to dcvelop the composite disrribution 
shown in Figure 2-3. These data were takcn €rom Fa.= cc ale (1984) and Fa.= and Ticncy. 

(1987, the latter n report on plant; root lcngthu growjnl: on Laborntory lands. Rootinc 
distributions were not provided by Foxx cc nl. 119841 for tree npccieil, rcflccting ;I gcncral 
lack of root distribution data for thcvc plants, In thcir absence, rooting data fat  ponderosa 

pine (Pinus ponderosa), pitch pine (Pinus rixida), jack pine (Pinu  banlsianaf, and juniper 

.) 
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(Junipcrus spp.) were taken from F0.a et al, (19641, Fom snd  Tiemcy (29674 and FO.W 
(1999), 2nd used to estimate the rootinF: dcpth distribution for t w c v  in thc pinyon-junipcr 

woodland climax. The data and composjtc rootinF: distribution for thc trees arc shown in 

Figure 2-4, 

The compositc rooting distributions shown in Figures 2.1 through 24 show thc 
fraction of rows occurring at or above n .given dcpth. The proportion of roots cxTcnding into 
the waste is dctcrmincd by subtracting thc cumulative frequency shown for chc cover 
thjckncss of intcrcst from 1.0. For instance, thc proportion of thc root!! of grnscles 

pcnctmting wavtc disposed beneath n 2-rn thick cover is 1.0 minus thc cumulntiva 
frequency predicted by thc rcpcssion cquation depicted in Fiprc  2-1. The predicted 

frequency is O , Z ,  indicating that  23 percent of the roots of passes penetrate into waste 

disposed beneath 3 2.m cover. Using this approach, the proportions of roots penetrating 
into the wnstc for thc four growth-forms and a range of covcr depths were calculated, The 

rcvults of these calculations are shown in Table 2-1. 

Maximum rooting depths for the diffcrcnt growth-forms arc included in Table 2-1, 
In general, these dcpthv were bmcd directly on the data uscd to gcncrutc tho compositc 
rooting distributions, In thc casc of the forbs, however, the rntlximum rooting depth shown 
excludcs the t w o  pcntcst depths rccordcd €or uIfaI€a Le , ,  19 and 39 ml, These data were 
not used because the conditions under which thc roots w r c  f'ound to pcnctracc to chcvc 
depths arc nor; cxpcctcd to occur at thc Laboratory. For csamplc, the root, of the plant 

cxtcnding t o  ;L depth of 39 m wcrc found in an underground minc shaft. 

Tablc 2.1. Proportions of plant roots penetrating the disposcd warn and 
maximum rooting depths. 

Plant Growth-Form 
Grasses 
Forbs 
Shrubs 
Trees 

c_ 
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Litter generated by leaf fall and plant dcath 1vill conffibute t o  soil formation as the 
organic matter decays, "he  mass of material nddcd t o  sudacc soils annually, m,, in 
Equation (21, depends upon the above-ground biomass Qf the plants, the portion of this 

biomass that  dies each year, and the timc rcquired for the organic matter to decay, A 

combination of site-specific data and information from the open literature was uscd to  

pstiaate these parameters and dcfinc thc rates at which contamination passes from plants 

to soil for the site when i t  is in the early stages of succession. 

Estimates of abovc-ground biomass for grosses, forbs, and shrubs were dcvclopcd 
based on yield and covct data for each mowtfi-form under conditions cxpectcd to resemble 
MDA G in early succcsHion, When available, yields for thc abovc-ground portions of 
gmsses, forbs, and shrubs wcrc cakcn directly fiom the literatwe. To supplement these 

data, additional estimates of production were dcvclopcd by scaling total undcntory 

production by the relative cover ior each growth-form. Thiy process nnd the data uscd in its 
implementation ore discussed in the following paragraphs, 

Estimates of understory biomnas for the enrly succcsnional S ~ O ~ C S  at hlDA G wcrc 
based on information from several different sitcs. In gcncral, thcve sitcs consisted of 

pinyon-juniper woodlands that had bccn disturbed by firc or physical mcnns, pinyon- 
juniper grasslands, and areas adjacent to  mature tvoodlnndu. While i W A  G is not oxpectcd 
to look exactly like m y  one of these sitcs, thc understory production dam for these 
communities arc cxpcctcd to  probidc rcasonnblc estimates of conditions at; thc disposal sirc, 

Direct measurements of above-ground produccion of R ~ I W S ,  forbs, and shrubs wcrc 

found for CI number of sitcs in thc westcrn United Statcs, t haw uscd to  dcvclop basclinc 
modeling data arc summnrizcd in Table 2-2, Clary (1989) civaluatcc! the production of 
grnscIc!y, forbs, and shrubs on nrcns that had been disturbed by chaining and cabling two to 

30 years prior, Average yicldu across the four sitca and the four years in which 

mcnsurcrncnts were conducted wcrc 530 kghn for gra~scs, 33 kgha for forbs, and 76 kgha 
for shrubs. Dwyer and Piepcr (1967) measured production ofgrnuscu and forbs in burned 

nnd unburned arcm on pinyon-juniper rangclond in south-central Xcw Maxico. The 
unburned area was frcc of trees and, as such, was considered to be a rcnuonablc 
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Table 2-2. Summaryofcorrr snd productiao studies used l o  estimate understory biomass for 51IP.4 
G In ies early rurccrrlonrl r lagc~-  

l..L€kc- 
mry, 1939 

, - 

- - . . .. . . 
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approximation of MDA G in its early successional stages. The data for the site, collccted 
over 3 chrcc-year period, indjcntcd an trverngc hcrbngc production of about 890 kghn for 
grasses and 140 k g h n  far forbs. Additional work conducted by Picper (1968) in south- 
ccntrnl Xew Mcxico examined the effects of grazing on herbage production in pinyon- 
junipcr grasslands. Aboveground production ranged from 630 to 730 kgha on thrcc mens 

protected born firazing' Grasses were the dominant growth-form, accounting for 81 t o  98 

percent of thc vegetation an ehc' basis of cover. Arnold c t  al. (1964) dcvclopcd astimatcv of 

total herbage yields Le, ,  grasses and forbs) for pinyon-juniper woodlands as CL function of 
m e  canopy intcrccpt. Yields were about 1370 kgha of aiir-dry vegetation in arcas that  were 

free of trees, 

Scvcrnl investigators have cvaluntcd plant cover in disturbed pinyon-juniper 
woodlands and arcw adjacent t o  mncurc woodlands (Table 2-21, Arnold e t  nl. (1964) 
ex;lmincd cover of passes, forbs, and shrubs in and around pinyon-juniper woodlands in 

&zona, The canopy intcrccpt of trees in these woodlands ranged fiom 0 to  95 pcrccnt. In 
areas free of trees, p n s s  and forb cover were approximntdy 3.6 and 0.3 percent, 

reupcctively. Shrub eovcr, including half-shbs,  was about 319 pcrccnr. Tress and 
Klopatek (1987) examined cavcr by powth-form in pinyon-juniper woodlands disturbed bp 
fire 7 to 90 years ago, and in a momre woodland that had been frcc of frrc for at  least 300 
years. Tree cover on the 7- and 35-year old burns was 2 percent or less, thcsc sitcs wcrc 

considered suieablc for estimating conditions at MDA G in its early successional stages, 

Grass, forb, and shrub cowr on thc 7-ycnr-old burn were about 0.50, 1.0, and 8.8 percent, 
respectively, Covcr estimates for thc 3 5 - y ~ ~  old burn were 13 pcrccnt for grasses, 1.9 

percent for forbs, and 22 percent far shrubs, 

Foxx c t  nl, (1997) surveyed eight f;lIIow fields of thc ponderosa pjnc and pinyon- 

junipcr cover types t o  understand plant succession in the g c a t o r  Los i l l m o s  arca. Two of 
these sites were located on the UHL, while six were located north of the Laboratory. 
Transects wcrc established at cach site to  decerminc species composition, dcnsiv,  and 
nbundnncc. Cover and frequency wcrc measured for cnch dominant plant spccias, and used 
to develop cover cstimntes by growth-form (Le., ~ T L L S Y C Y ,  forbs, and shrubu). 
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"$vo of tho fields sweycd byF0.m et id. (1992, Chupadcros and Pumice iWnc Gclds, 
arc found in pinyon-junipcr cover types. Thcvc fields wcre removcd from active use &e,, 
pazing) in 1943, sampling was conductcd by Fom ct  nl. appro.dmatcly 40 ycnru later in 

1982. The total understory covcr for Chupoderoa Field wtu 13.5 perccnt, including 3 
perccat grass cavcr, 7 pcrccnt coverage by forbs, und 3.5 shrub cover. Smdl  ponderom 
pines were scnttcrcd throughout the area. The total understory cover for Pumice Mine 

Field was 1 6 5  percent, including 10.5 percent grass cover, 5.9 perccnC forb cover, and 0,l 
percent shrub. COVCF, Pinyon pine and juniper occurred at the site, a few ponderosa pine 

stumps were proscnt as wcll, 

The production and cover data divcusscd above were used to develop biomass 

estimates for passes, forbs, and shrubs for MDA G in tho enly smgcu of succcssioa, Thc 
undcrstory production data goneratcd by C I m  (19891, Dwycr and Picper (19671, and 
Picper (19681 wcre assumed to ~ p p l y  directly tu the disposal site. The production dam 
provided by Picper wore divided betwean p w c s  and forba based on percent cover of each 

growth=form, Praduction data for passou and forbs wcrc e s h t c d  for the studies 

conductcd by Foxx et al. (1997), Arnold ut d. (19641, and Trcss and Hopatek (1987) using 
thc total herbage production of 670 kgho developed by Arnold ct d. (1964). This to ta l  yield 

was allocated among passcs md forbs bavcd on the perccnt COVCF of each growth=form, 
LWlo scaling in this manner is only approsimatc, it is cxpcctcd to provide reasonable 
cstimrrtcs of the rclntivc contributions tllcsc pwth=fon i l s  make to thc total undcmtory 
biomass, The yiolds gcncratcd using these npproachcv arc summarized in Table 24. 

Grass and forb biomass and littcr generation rates were assumed to. be equivalent to 

tho abovoground yields listed in Tablc 2.3. The median values of 610 k g 5 n  for passes and 
47 kg5a for forbs were adopted for the buscline biotic intrusion modchg.  These data are 

oxpcctcd to overstate the actual amount of littcr that fdls to thc ground, as a portion of the 
dead plant matorial will be left semcbng for n period of t h o .  For c.utunplc, Gricr et d. 
(1992) found that nppro.ximntcly 40 perccnt of thc biomass ofgrasscs and othcr understory 
vegetation in ~ V O  pinyon-juniper woodlands consisted of standing elcad matcrid. 
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Table 2-3. Aboveground production of grasses, forbs,. and s b h s  in 
early successional stages of pinyomjuniper cover types. 

Above-Ground Production CkfFd 
Studv Gmsscs FPrbs Shrubs 

Clary, 1989 % 

Church Hills Site - 1982 
Church Hills Site - 2985 
Clay Springs Site - 1980 
Clay Springs - 1985 

I Eight iMi1c Site No. 1 - 1980 
Side Slope 
Ridgc Crest 

Side Slope 
Ridge Crest 

Side Slope 
Ridgc Crest 

Side Slope 
Ridge Crest 

Side Slope 
Ridge Crest 

Side Slope 
Ridge Crest 

Eight Mile Sitc No, 1 - 1982 

Eight 1Wlc Sitc No. 1 - 1985 

Eight iWle Site No. 2 - 1980 
Eight iWlc Sitc No. 1 - 1981 
Eight Mile Site No. 1 - 1985 

D y e r  and Picpcr, 1967 
Unburned Site - 1964 
Unburned Site - 1965 
U n b m c d  Sitc - 1966 

Picper, 1968 
Stony Hills 
Loamy Bottomland 
Loamy Upland 

Arnold c1: 51.. 1964 
Foxx et; nl., 1997 

Chupedcros Field 
Pumice hlrinc Field 

$-year old burn 
35=year old burn 

Tress and Klopatck, 1987 

3,9E+02 
4.3E.cO2 
2.9E-1-02 
4,9E+02 

7.z.t.02 
3,1E+02 

5.63+02 
4.1E.t.02 

7.1E-1-02 
5.53+02 

6.4E.cO2 
53E+02 

6.9E.t.02 
7,m+02 

7,6E+02 
6,7E+02 

8.1E.t.02 
2,QE+03 
8,53+02 

6.2.J3+02’ 
6.2E+ 02 ’ 
5,9E-1-02~ 
6,4E+02 

2.1E-1-02 
4.5E+02 

1.8E+02 
6.1E+02 

3.4E+00 
1.5E.t.01 

l . l E + O O  
3.8E.t.01 

O,OE+OO 
m + O  I 

4.93+02 
2.5E.tO2 

;I, Indicates no estimntc of production wns available for growth-form, 
b. Production was presented in the rcport as total herbage k c , ,  grass and forbs) 

production. ‘Theye yields were divided between gcwves and forbs based on percent 
cover. 
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Tho cstimntcs . .  of shrub production included in Tablc 2-3 rcpEsent several gem of 

nccumulatcd growth,'corrcsponding to the development of the supporbg sntucturcs of the 
plmcs' (c,g~,.. lvoodp tiissucd. . , , .  Given this,. i t  is 'unxcolistic to take chc approach adopted for 
grasses and forbsdnd q u i t e  littcrf'all with plant production, h*gspe~ficdam on litter 

. production rates .in shrubs' found in pinyon-juniper cover w e s ,  d h  from the' ecololgicd. * 

liternturc wcrc uscd to . .  cathate the fraction of the obovepund' shrub biomass that may: 
&asonably go into' litter production. This fmctibn was multiplied, by the median I .  o f  the 
production d& piovidcd pbovo, to ev~rnate&mual litterfall for s h b u .  ' 

' 

, , .  , 

. I  

. .  

'The propo&n of aboveground shrub biomass' that p e s  into annual litter 
production 'ivm estimated' on '  thc bmiu of biomw 'accumulation ratios. Tho biomass 
accumulation'ratio is defined m ' t h d  ratio of dryoweight, biomass. t o  annual net p k t i t y  

productivity. Whittakcr (1975) provides rmgcv of the accumuhtion ratio,(for aboveground 

parts of plants) fordifferent.t~rrcstrinl'communitica: . .  normnl' raxgcs OTO fmm.2 ,to 1 O . h  the 

desert, 1: to 3 i n ' p s s l m d s , . 3  .to'l2 in shntblnnds,. 10 to 30 in w d o d l d ~ ,  and 20. to 50 & 
mature forouts;' ' If it.. is assumad 'that these 'ratios remain reldtively'constaht+ after' 

, .  :. ' .  

cstablishmcnt. of thc plant eo&unity, thc.inverse, of these ratios: cuhotcs  thc:tunokt. of 
the abovkgound biomks that goes into m n u d  litter production. Uskg this approach , .  a d  

' thc,dnta pr&ded..by,Wktakcr . .  for shrublands, i t  is estimated that 8. to.33' percenc,of . . .  , . , .  the 

ratio, of  7.5'was adopted f o r  tho' baseline, biotic intrusion .modelhg;':the ,midpoint of. tbe 
ran& providcd . .  byM%ittakcr. . .  ,This ratio translates . .  to'a biomass contribution, of 13 percent. 

Tbc rate at which litter decays to form soil will depend upon the.dlimatic conditions 

'utldurwhich.decomposition , .  . . ,  occurs and . .  the I nature of the plant ma$erid;, In general, rates of , .  

,deeordpouition h i c n l l y  . .  > .  incre&e , . .  with' increased temperatun jnd'  rnoisturi.: . '  For &ixnple,. 
rates of decomposition . .  tend to be much pc&r in w&, moist tropical forcsw thnn h. a 

more tomperate, arid cnvironmcnt such as I that found at LWL. .In:"tcrmv of, p l a t  

charaetcristics;" 'wood is "morc.' revistnnt to decay than leaves,. *while cvcrgrccn ' Ienves .' 

generally d e c a m p ~ s ~  . .  morc . .  sl0wly~' thk deciduous I .  leaves. 'Given these relatio&hips, . .  . it is-' 
reasonable to expect' thot.,'litter from. passes. and forbs will tend to, decompose relatively 

q&kly,.whiIc littcr. produced from shrubs hd. t rees  will take ion& t o ,  decay.. . 

' ' I  

' 

, . I ,  . 

I '  
, .  . 

I .,, , . .  ' 
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mtcs of littcr dcccmposition nrc not widcly available in the open literature. 
Inittaker (1975) discusses litter dccny in t e rns  of the dccomposition half-life, or  thc time 
required fo!: half of the original dry mass of littcr EO decompose, Half-lives for litter in 
borcnl conifer forests, ccmpcmtc deciduous forests, and grasslands were estimated at 7.0, 

1.0, and 2,8 years, respcctivcly. Mllar (1974) cites work by others in which 10 or marc 
years w r c  required in ordcr for Pinus nccdlcs t o  reach the humus lnyer of the soil, 

Murphy ct: al. (1998) e d c d  ratcs of littcr dccornpovition at fivc sitcs dong  on 
elcvatjonnl Fadjent in northern Arizona, These sites included Grcnt Bnsin Dcscrt smb,  

pinyon-juniper woodland, ponderosa pine forest, and transition zones bchveen these 
communiti~s. Litter dccornposition taws wcrc mcntlurcd for leaf Iittcr collected from 
ponderosa lsinc, pinyon pine, one-seed juniper, and blue gmmn fira.8~; and for Icaveu and 

stems from snakeweed, Based on these meuurcrnents, the investigators calculated annunl 
decompositmn rate constants for cnch specica, scpnratc constants wcrc cstirniltcd for the 
first and second ycms of the two-year study. 

The littcr decomposition constants estimated by Murphy ct al. (1998) for the five 

study sitcs nre summarized in Table 24.  Dccomposition was grentcst in the first year, as 
litter with the most favorable dccny chnmctcristics was consumed. Decay of more 
recalcitrant litter components procecdcd a t  slowcr ratcs, If nssumud fa rcmnin constant 

over tirnc, thc rate constants for thc first year of tho study infcr D littcr half-life of 1,7 Y C O ~ S  

for snakwccd, 2 years for blue plana, and 3-3 ycars for pinyon and juniper trcev (nvcmgcd 

over the two  spccics), Similarly, if the ratc constants for tho second year wcrc assumed to  

be con~tant;, litter half-livcs for thc shrub, p a y s .  and tree spccias arc 2.3, 5.4, and 4.7 years, 

rcspcctivcly. Even longer half-livcs may be anticipated for the more substantial tvaady 

litter from mature shrubs nnd trees. 



Tnblc 2-4. Litter decomposition rate constants.'' 

Dpcornmsition Rntc GQTI stant (w'9 
Plant Snccies First Ycnr 8- 

Snakcwecd 4.z-01 -2.5E-01: 
Blue Gramn -3.4E-01 -L3E-01 

Pinyon Pino -2.OE-01 -1,SE-OI 
.Ponderosa Pine -2.2E-0 I -1.3E-01 

One-Seed Juniper , -22E.01 -l.t;E-01: 

a. Source: Murphy et al. (1998). 

Biotic intrusion modeling canductcd for the  iMDA E pcrformonco assessment and 
compositu analysis assumcd that litter dccomposcd to form soil in the yew in which it  W ~ H  

produced. Given the dccomposition rates listed in Table 24, t h i ~  approach \ d l  
ovcrcstimato the rate at which radionuclides build up in the surface soil, This level of 
conservatism will be most important for radionuclidcs that am strongly assimilated by 
plants and that havc rclativcly short radiological half-lives, The radionuclidcs that were 

rbsponsible for thc peak composite mnlpis dose following biotic intrusion, howevcr. have 

low plant uptnkc fuctors und gencrnlly have hdf-lives on the ordcr of hundrcda or 
thousmdv of y e w ,  Undcr thcsc conditions, the effect of reduced rates of litter 
dccomposition on thc projcctcd impacts of biotic intrusion is expected to bc small, 

Consequcntly, this nsprct of the modcling nppronch was not changed for the updated 
annlysis. 

Biomass c s h t e s  for paa~cu, forbs, and shrubs in thc maturc pinyon-juniper 
woodland were dcvclopcd in o manner similar t o  that dcvcribad above for thc disturbed sitc. 
Tho data used t o  gcnctaec thcvc eutimntcs arc summarircd in Tablo 24, whi& includes o. 
description of the sites that w r c  invcstigmd and n summary of t h t s  production und cover 

information that was takcn from the rcporrs. Some of thcsc studies provide direct 
estimates of understory production in the maturc woodland. Clary (1971) studied the 
cffcctv of Cree rcmoval on herbage yiuldu in pinyon-juniper woodlands in northcrn Arizona 

Herbngo yields of grasses, forbs, and shrubs avcrngcd 71, ii, and 100 kghdyr, respectively, 
in .vcns whcrc no trees worc rcmovcd. In othcr work, Clary (1989) rcportcd ,Viclds raging 

from 20 to 1.10 k g h  for grasses, 10 to 45 kgha for forbs, and 30 t o  130 kJha for shrubs in 
mature pinyon-juniper woodlands in ccntral Utah. ORourkc and Ogdon (1969) cvoluntcd 
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r r d h  2-5. Sumnmry of coycr :inti product ion  studies used to est imntc undcrstarg I,ian~;rss for- 
RlIlA C in i t s  clirnar condition. 

Cover Prod tic t io t i  
Cum mu 11 i ty 

I Forbs Slindis Fo rhs Shrubs Trees SSCS 
I’inyon-ju nipeer Clary, 197 1 --- 

Characteristics Heferancc Grasses 
I I 

Croivn Xtmve- Alto\*C- - 
corer on ground ground ground 

study sites production production proctuction 

-- *-- 

wmllnnd in northern 
A rizo t i  3 

ranged averaged 71 averaged 77 averaged 
from 10 t o  kg1?13 oyer 3 kgha over 3 100 k g h d  
45 percent four-year four-yeat aver a four- 

I’inyon-ju n i p  r 
woodland in centra! 
Utah 

Clary, 19s9 -. 4 .- 

I ’in yon -jun i per OHourke Cob-er at 
wuxllnnr! at four sites in and Ogden, four sites 
north-central tlritonrr 1969 ranged 

from 8 to 
22 percent; 

average 
rover of 16 

percent 

Pinyon-juniper Arnold et 
woodland communities a!., 1968 
in northern Arizona 

I --- Crown 
coyer 3 t 

four sites 
ranged 

from 13 to 
44 percent 

8 --- 

perid ’ period year period 
Above- Aimve- Above- 
ground ground grouatl 

production protluction production 
at two sites at two sites 3f two sites 
ranged from ranged from ranged from 

30 to 130 20 to 1-10 10 to 45 

average average average 
production production production 
Qi70kgiha o f 2 6  kgnm of72 kg&a 

kghrl; kgilta; kglha; 

b t --- t l b v t -  --- 
ground 

procfuc tion 
at four sites 
ranged from 

60 to 230 
kglh3; 

average 
production 

of 130 k g h 3  
Developed estini atcs o f  total herbage 
production as n function of tree cover, 

shown in Figure 2-5 



- Table 2-5. Continued. 

Community . 

Charm teristics 
Pinyon.juniper, 
woocltmrf in north- 
central Arizona 

l’inyon-junipr 
woorlland communities 
in northern Arizona 

Pinyon-juniper 
woodland at 10 sifes in 
central Nevada 

l’inyon-juniper 
woodland in w-estern 
Colorado 

Cover Prodtic tion 

Farlls ShruIlS Trees Grasses Ile ferencc Grasses Forbs Shnihs 
Tress and Cover in Caver in Caver in Croxn . .  

Klopstek, mature 
S987 w d 1 3 n d  

w3s 8.4 
percent 

Arnold et Caver 
d., I961 ranged 

from 1.4 to 
1.7 percent 

among 
three sites; 
average 

cover of 1.6 
percent 

Everett and Cover a1 10 
Knniak, cites 
1931 ranger1 

from 0 to 
4.1 percent; 

average 
corer of I .3 

percenl 
llsuflnr and Cover in 
bgy, 198-4 mature 

woodland 
was 1.2 
percent 

mature 
w d l a n d  

was 0.4 
prcent 

Coyer 
raiged 

from 0.2 to 
0.4 percent 

among 
three sites; 

averzge 
cover o f  0.3 

percent 
Cover at 
IOsites 
ranged 

from 0.0 to 
7.2 percent; 

average 
cowr of 1.4 

percent 
Cover in 
ma tu re 

wood I anti 
was 0.9-1 
percc-nt 

mat.ure 

was 0.j 
percent 

woodland .. 

Cover 
ranged 

from 1.9to 
2.8 pertxnt 

arncng 
three sites; 
average 

cover or22 
percent 

a v e r  at 10 
sites 

ranged 
from 0 to 

4.3 percent; 
average 

cwEr of 0.7 
percent 
Coyer in 
mature 

W d l a n d  
was 4.3 
percent 

cowr in 
mature 

woodland 
was 35 
percent 
Crown 

coyer at 
three sites 

ranged 
frcjm 35 l o  
55 percent 

Crown 
corer 3t 10 

sites 
ranged 

from 26 lo 
63 percent 

Crou n 
cover in 
rnaf ure 

woodland 
wa3 38 
percent 

C *-- . --- 

a. Coyer measurements Kere not performal. 
b. Grovth.fom was nct considered in the siudy. 
c. Production measurements were not performed. 
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the effects of pinyon-juniper control on hcrbage production at four woodland sites in north- 
central kzonn. The two-year study included rncavlvcments of p a s s  cover and production 

in undisturbed woodlands, Cover ranged from 13 to 44 percent, while yields rsngcd from 
53 to 210 kfi/hn. As discussed cnrlicr, b a l d  e t  al. (1964) dcvclopcd cstimntes of total 
herbage yields (Le,, grosses and forbs) for pinyon-Juniper woodlands as a function of t ree 

canopy intercept. Pcrcenr trce cover had a significant effect on above-pound herbage 
yields, as shown in Figure 2-5, Clary (19.71) found n similar relationship bcnvecn tree C O V C ~  

and understory production in his work in nol.t;hcm k2rzona. 

Mature pinyon=junipcr woodlands have also bccn chmnctcrizcd in tcms of cover by 

vegetative growth-form. Tress and Klopatck (1987) found total undemtory coverage of 
about 9.1 pcrccnc in a 300-year old woodland. h o l d  e t  nl, (19643 dcvcloped cover 
estimates for passes,  forbs, and sbubs for mature stands of pinyon-juniper with a range of 
t ree canopy intcrccpts. Work conducted by Pndicn and L&hn (1992) suggest that  total 
canopy cover at MDA G m a y  be on the order of 3'7 EO 50 percent, Thc data from A n o l d  ct 

31, for canopy intercepts in this range show grass cover rnnghg from 1.4 to 1.7 percent, forb 
cover ranging from 0.2 t o  0,4 perccnt, and shrub cover ranhng from L,8 to 2.8 percent;, 

Everett and Konink (1981) observed an average total plant cover of about 3,s percent in 
mature stands. Hnuflcr and Nngy (1984) conducted small rnrrmmol studics in mature and 
disturbed pinyon-juniper woodlands. Cover on the undisturbed woodlmd consiutcd of 1.2 

pcrccnt grns~cs, 0.94 percent forbs, 4 3  pcrccnt shrubs, nnd'38 percent trocu 

The data sununarizcd in Table 2-5 and Figure 2-5 tverc used to  gcncrotc estimates 
of above-ground production for grnsseu, forbs, and shrubs, Production data  ivcrc adopted 

directly from the studies conducted by Clary (1971, 19891, and O'Rourke and Ogdcn (19691, 
Herbage yields were cstimntcd for the studics conducted by Tress and Hopotek (19871, 
Arnold ct nl. (19641, and Evcrctt and Koniak (1951) using the relationship bctwcen total 

herbage production and t tcc cover devcloped by h o l d  c t  nl. (1964). Totd understory 
yields prcdicted by Fiprc 2-5 for the met? coverages indicated in these studics were 
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Figure 2-5. Tow bcrbagc yicld .w a function of trce canopy intcrccpt 
(adaptcd from Arnold ct d.. 19641, 



c 

. C. r 
allocated among grasses and forbs bnscd on the pcrccnt cover of each powth-fom, The 
production cstimatcs generated usinl: these approaches arc summ&zcd in Table 2-6, 

and forb biomass estimates were set equal to the above-mound .Viclds listed in 

Table 2-6, The median values of the production data were used for bnvcline modeling. 
yielding biomass estimates of 87 and 40 kgha for grasses and forbs, respectively, The litter 
gcncration rates for thcsc growth=fonns were set equal to the biomass eutimntcw. All litter 

was conservntively assumed to  decay in the year in which it was gcncratcd, 

The' littcr production rnte for shrubs wns estimated using tho mcthod dcseribed 

earlier. Si~zply, the  annual litter generation rate wm msumcd to be cqual to the product of 
thc inverse of thc biomass accumulation ratio and abovepound s h b  biomass. The 
midpoint of the range of accumulation ratios provided by 1Wtt;nkcr (19751 for shmblnn& 
and the median shrub production value listcd in Table 2-6 wcrc used for thc baseline 
analysis. Shub littcr wm assumed to  decay in the yew in which it was genuratcd. 

Estimation of thc rote at which litter is gcncrated by Qces in the pinyon-junipct 

woodlnnd presents unique challenges, Tree biomass in the woodlands \rill increase over 
very long periods of time as stands become esmblished and p o w  at  ,'lclDA G. This 
cornplicctcv thc task of establishing rcprcscntative data for thc bavclinc modeling, IThile 

the  rnte of litter production will be nffcctcd by tho magnitude of thc above-Found biomass. 

the nature of this rclationshjp is not entirely clear, h t c s  of litter production 1 ~ 2 1  tend to 

increase in early years in concclrt with rises in biomass, but may a s m n e  L variety of 
patterns during latcr stages of growth. 

Litter production rates for trees in the maturc woodlacd werc estimated using 
limited bio:maus and litterfall datn for pinyon-juniper woodlnndu in conjunction with 

general information about litter production in woodlands and forest communities, Tho data 

for the pinyon-juniper woodland WCFC collcctcd by Gricr et al, (19921, who determined 
above-ground biomass nnd ubovc-ground nct productivity for 90- nnd 350-ycar old pinyon- 

juniper woadlmds in northern Arizona, Tree biomass was estimated using rcgrcusion 
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Table 2-6. Aboveground production of grm~ew, forbs. and shrubs in 
mnturc pinyon-juniper woodlnndw 

Cla& 1989 
Church Hills Site - 1980 
Church Hills Site 9 1982 
Church Ells Site - 1985 
Chy springs Site 9 1980 

O'Rouka and Ogdcn, 1969 
Boundary Site - 1961. 
Boundary Site - 1962 
Ryan Site - 1961 
Ryan Sit@ - 1962 
Second Site - 1961 
Second Site - 1962 
Chcvolon Site - 1961 
Chavelon Site - 1962 

Tress und Iilopcltelc, 1967 
Arnold at  d., 1964 
Everett and Konink, 1981 
Mt. Wilson Site 
Frcdricks Site 
House Canyon Situ 
Willow Crcck Site 
Carnal Springs Site 
Paperback Site 
Monitor Site 
Austin Sitc 
Ridge Site ' 

LGW Springs Site 

3,5E+01 
LI6E+Ol 
3,5E+01: 
Z.OE*OZ 

n 

m 
- - 

rn 
3 - 

0 

a 

0 

3 - 
ly 

n - 
8.SE+00 
2.4E+01 

l.OE+O?r 
1,9E+02 
2.4E+02 
1.5E402 
4.8EeOl 
3.6E+Ol 
2.4E+O1 
4.58+01 
1.6E+01 
6,JE+01: 

a. No production mcasuromcatu were conducted for the indicated growth-form, 
b. Indicate3 no cstimnte of production was avnilnblc for growth-form, 

equations developed fiom dcstxuctivc analysis of pinyon pine uad juniper, taking into 

account thc full diameter range of tho trccs found at  rhc study sites. Net productivity wm 

estimntcd as chc 'sum of thc O M U ~  biomass increment and l i t t c r fd  Littcrf'dl wm 
monsurcd usinglittcr t;mps over n thrco-year period. 

The above-ground biomass and productivity estimates developed for trees by Grier 
et al. (1992) are summized in Table 2-i,  Total tree biomass of the mnturc woodlad ivm 
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2.3 times grerrtcr than that; estimated for the 90-year old stand, Living branches and bark 
accounccd for nppro..rimntely 50 pcrccnt of thc total biomass in both communities. The 
canopv (Le,, foliage and foliage bearing n~gs:s) was the ne,- greatest contributor t o  biomms 

in the young stand, S E C ~  and the nssociatcd bark were more significant than the canopy in 
the mature woodland, Abovc-pound net primary productivity of trees in the young stand 

was 64 percent of that for the m3tur.e stand,  littcrf‘nll for thc young stand WOY 60 percent of 

that estimated for the mature &odhnd. 

Table 2-7. Above-pound biomass nnd net primnry productivity 
estimates for trees in pinyon-juniper woodlands.’ 

Yaunr Staod ME-4 
Pinyon Pinyon 

A- 
lUamu@hri?u!l 
Canopy 

Folinno 
Folium=bunrinc twifia 

Living Brnnchea (incl. bnrk) 
Deod Bronchcrn 
Stem (wood and bnrk) 
T~tal  

~ u c t j v i t v  (&lQu&d 
Biomnae Incrsrnant 
Living wood 
Amchod duud motcrinl 
Bnrk 

Folinnu production 
Tdtnl 
Littcrfdl 

_plnr 

2,7E+00 
1.6E*00 
6,5E+00 

3.4E*00 
1,SE.cOl 

6.9E-01 

LOE-01 
2,OE=02 
4.OE-02 
7.OE.01 

1.7Ec00 
1.6E-01 
4,!2E+oo 
2.7E-01 
1,5E*00 
7,9E*00 

li,OC02 

l.OE*OZ 
4,5E*01 

Tmco 

XDCal 

4,4E+00 
l.’;E*OO 
Z.lE*Ol 
9.6E-01. 
4.9E.cOQ 
2,3E+01 

2.5E=01 
LOE-02 
G.OE*02 
1.2E+00 
1,5E+00 
3,OE*02 

1)Jnc 

2.4E+00 
l.OE+OO 
1,3E*01 
12E-00 
7,2E+00 
2.63+01 

32E*01 
7,OE-02 
G,UE=U2 
9.OE-02 

a. Sourcc: Gricr e t  nl. (19921, 

The biomass cstimcitcs devdopcd by Grim cf 31. (1992) fall at the low cnd of the 
range rcpcrrtcd for pinyon-juniper woodlands in othcr rcfions. Mecuwig (1979), cited in 
Grim c t  nl,, reported above-ground biomass for Grcot Basin woodlands consisting of 

singlclenf pinyon (Pinus rnonophylla) and Utah juniper (Junipcrus oatcospcrmu) ranging 

from 60 t o  121 Mghn.  The oldest trees in these stands were obout 320 and 260 years old, 
rcspectivcly. Gricr ct  nl. absented that the productivitiov they measurcd arc also low 
compared t o  most othcr forests and woodlands in North America. Productivity dntn for 
other pinyon=junipcr woodlands could not be found to make comparisons bctwccn similar 
ecosystems. 

2-3 1 



Thc fitter production rates estimated by Grier ct d. (1992) me appro.dmotely 0.1 

percent of thc nbovc-pound biomass estimntcs for the t w o  woodlnnd communities. This 
rclativc race ofproduction a n n o t  bc compared to data for other pinyon-juniper woodlands 

because such data arc unmailnblo. Nevcrthclcss, it appears this production rate is 
significantly smaller than ratcv indicntcd for othcr forest communitics. This conclusion is 
based on several lincs of cvidcncc. 

Hinculcy ct  nl. (19911 rncasurcd littcr production in four stands of oak-hickory-pine 
forests in northern Mississippi. Amud litter production rangcd from 3 to 6.5 perccnt of the 
trcc biomass, and w u  highest in tbc stands that were predominantly phe. Whittaker 
(1975) rcportcd that litter production in a young mived deciduous forest in the northeastern 
Wnitcd States was approximntcly 3.7 pcrcont of thc abovc-pound biom&s. Whhdcer also 

rcportcd o. rrrngc of biomass accumulation ratios of 10 to 30 for above-pound parts of pIants 
in woodlands. Thcsc ratios aro lnrgcly dcterslincd by tha preacace of t rees  in the 

communitics. pit is assumed that thcsc ratios rem& rClatiVCly coastant Over time, takiag 

the inverse of tho ratios yields cstimates of the portion of the biomass that goes intoelitter 
production each year. Porforming this calculation yields littor gcnortltion rates that are 3 
to 10 perccnt of the above-ground biomass, Finally, Ricklefv (1979) roportcd that leaves 
comprise bcnveen I and 10 pcrccnt of tho nbove-ground biomass of forests, evergrcen 

forcsrs tcnbcd to occupythc high cnd of this range, Cicr  e t  d. found that leavcs were 11 
and 19 pcrccnt of the total obovc-ground biomass in the  nvo pinyon-juniper woodlands they 

studied. If it is usssumcd that lewcs comprise SO porccnt of the forest litter for 
gymnospermu (Williums and Gray, 1974) and that &e lifespan of thcsc lcuves is 2 to 3 

ycnrs, the data Gom Ricklofs and Grim e t  nl, suggest m u a l  Zittcr production races that are 
about 4 t o  14 pcrccnt ofthe aboveground biomass. 

Bascd on thc preceding discussion, annual littcr production in tho coniferous form8 
appears t o  be on thc order of 3 to  10 pcrccnt of the aboveground biomass. Lkzcking the data 
rcquircd to  confirm the much lowar rotcs of production observed by Grier ct  d, (1993 and 
wishing to provido wasonably consmwtivo cstimatcs of the hpacts of plant intrusion upon 
NDA G, the midpoint of this range wus selectod for the bnscline modcling, This relative 
rate of production was multiplied by thO biomass cstimatc mcasurcd by Gricr ot nl. for the 
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mature stand on pinyon-junipcr to  nfivlz nt an abovepound litter production rate of 3.4 

Mfi/hdyr. 

A comprehensive list of LWLspecific, plnnt uptakc factors docs not cdst .  In thck  

sbscnce, the plnnt uptake factors developed by Boes er al, (1984) were ndoptcd to model the 

uptake anti assimilntion of radionuclides from the disposed waste, That study does not 

contain data for ciehcr H-3 or '2-14. It was assumed that H-3 is not csrnctcd from soils by 
plan& bccausc the radionuclide sorbs minimally to thc soil particles. Thc uptitkc factor 

used for C-14 was ndoptcd from work pcrfomcd by Shepherd e t  nI. (19911, Plant uptakc 
factors for a given element were assumed t o  be the mme for grasses, forbs, shrubs, and 
trees, 

The thickness of thc cover placed over the disposed wastc has varicd over the 

operational lifetime of MDA G, The thickness of the cover placcd over the earliest disposal 

pits is c s t h a t c d  to be about 1 m, while the earliest disposal s h a h  have approximntely 2,4 

m of cover, Additional cover material may have been placed over some of these units as 

wnstc storage structurcs were built on the ground surflicc, Starting in 1995, chnngcs in 
operntiand proccdurcs called for the placement of 2 m of cover over d l  disposal units at the 

time of closurc. Depending upon tho nature of the waste disposed in a givcn unit, this total 
cover thichcss may be incrcascd to 3s much as 3 rn. For modcling purposes, cover dcpths 

ranging from 1 to 3 rn were evaluated. 

T h c  types of infonnntion rcquircd to cvaluatc the impacts of animal intrusion at 

>IDA G are also thc some for thc carly stages of succession and the clirnzu condition. Thcy 
include: 

h i m n l  spccjcs prcsent at the sitc. 

Animal burrow distributions with depth, 

Soil miss transfer rates for animals. 

, .  
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Thickness of covcr over disposed waste, 

The wide range of plant communities at the Laboratory provides a divmsity of 

hnbitnts.for wildlife specics, Thc specks of burrowing animals included in the updnted 
biotic intrusion modeling wcre sclectcd to address chmgcs at the site as it undement , 

ecological succession from a disturbed stntc at the h e  of closure to its climax condition. ii 
summm of the infohnation upon which specks sclection was based is provided in the 
f-ollo\Ving paragraphs. 

Hmcster ants (Pagonomyrmex spp,) are found in EL V & C ~  of firwsland habitats 
throughout the wcstcrn United States. The insects aro  a common inhabitant at MDA G, 
and havc been obvcrvcd in the disturbed portions of the site LW well as in the mature 
pinyon-juniper woodland that surrounds the disposal arm. Hwcutcr an8 have also been , 

' observed in pinyon-juniper and ponderosa pine cornunities near the LWL (Crulson and 
IVhitford, 1991). Z m  (1977) notcd that ant$ (Formicidnc) were predominant among the 

hvcrtebrntcs identified in pinyon-juniper woodlands in A r i z o k  

' 

Small mrunmnls hnvc been trapped at two waste burid locations at MDA E and at 

control or background sites from 1994 through 1997 in order to  e v d u t e  radionuclide 
conccntratiohs in t;isaues of the organisms (Biggs c t  nl, 1995, 199';; Bennett et  al:, 1997, 
1999, One of the burial locations (Sitc 51 was recently disturbed, with poorly established 
vegetation consisting of spades typical of disturbed sitcs; the othcr burial location (Site 7) 
has been partially disturbed and hu ~1 mix of native plant species and spoeics associated 

with disturbed arms, Thc background or control sites sampled throughout the period 
consist of undisturbcd pinyon-juniper woodland. 

The major i ty  of tho animals trapped at thc two burid sitcs over the yeam have been 
deer mice. From 1994 through 1996, thc deer mouse Pcrornyscus maru'cufarw) ww the 

only specics caught nt Site 5, bvo western hvvcst mice (Rciri~dontomys mqulocis) and ci 
pockct gopher [Tlr~momys spp.) W C ~ O  caught there in 1997. In addition to deer mice, a 

single western harvest mouse was trapped at Sitc 7 in 1995, 1996, and 1997; four harvest: 
mice and one brush mouse ~Pcrom~scus boylii) wcrc caught in 1997. Doer and pinyon mice 

2-34 



(Pcr~m,~scus truci) wcrc tho predominant species collcctcd at the pinyon-juniper waodland 
sites, Other species collected include western hantcst mice, brush mice, and silky pockct 

mice (Pcr*ognathus flauus). While thc trapping efforts of E g g s  e t  31, and Bcnnctt c t  al, have 

indicntcd relatively littlc in the way of pocket gopher activity, the prcscncc of thcse animals 
at MDA G has also been vcriiied through visual observations, Gopher mounds have been 
found neat several disposal shaft% and have been intcrccptcd in tho course of conducting 

vegetation transects at  thc sitc. I 

Additional information about thc species of small mammals that are likely to inhabit 
pinyon-juniper woodlands can be found in the form of distribution maps dcvelopcd for Lou 
Alomos County. Thcsc mops show common inhabitants of the six major plant communities 
found a: the Laboratory (DOE, 1979). Spccicv shown for the pinyon-juniper woodlands 

include thc deer mousc, pinyon mouse, Colorado chipmunk L?htamiczu quacfriuictatus), 

woodrnt Wcatoma spp.), and mountain cottontail (Sylvilagus nuttnlli), 

Zcun (1977) summnrizcd the work of several investigntors who chnractcrizcd the 
species of small mnmmols found in pinyon-junipcr woodlands in Utah, wcstcrn Colorado, 

and Arizona. Species found in those woodlands ineludc deer mice, western harvest mice, 
brush mice, Great Basin pocket micc (Pcropathus paruus), pinyon rnicc, northern 
gasshopper mice (Onychornys Lcucojiastcrl, jongixd vohs (hfkrotus tanfiicaudus), Mcldcen 

voles (Microtus mexicanus), sage brush voles (Lagurus curtatus), Great Basin lcanproo rats 

(Dipodomys rnicrops), least chipmunks iButamias minimus), rack squirrcls (Citclf us 

uaricgatus), nnd several species of woodrats and lagomorphs (Lcpus spp,,,  Syloilagus spp,), 

In a food habits study conducted in western Colorado, Mnuflcr and N a n  (1984) found deer 
mice, plains pockct mice (Pcrognatlrus flaucsccns), golden-mantled mound squirrels 
(Citclfus lateralis), buuhytnil woodrats (Neotorna &ncrca), lcnst chipmunks, and mountain 

cottontails associated with disturbed and undisturbed pinyon-juniper woodlands. 

Based on the information summarized above, four species of animals were idcntificd 
for inclusion in the updated biotic intrusion modeling. These include ehc hmvcatcr ant, 

deer mouse, pockct gopher, and l c a ~ t  or Colorado chipmunk, Other species obscntcd in the 

rnnturc? pinyon-juniper woodland arc expected to  pose little or no threat in tcms of 
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biointrusion, Voles tend to restrict burrowing activities to depths lcsv than I m: ~oodram 

gcncrolly live among rocks, cliffs and vegetation, and do not establish burrows for cover or 
foraging. While cottontail rabbits may cstabliah b u m w s  for cover, thcsc excavations arc 

not cxpectcd to cxtcnd to great depths. 

The animal species includcd in thc biotic intrusion modeling wcrc evaluated in 
tcrms of thcir likclihood of occurrcncc at MDA G in its carIy succcssiannl stages and once it 
has reached 3 cl im~u condition. Thc h m e s t c r  an t  was assumed to be prcscnt at A D A  C 

during both periods. This is consivtcnt with observations of the spccics in both habitats at 

thc LANL and the occurrcncc of the invccts in tho pinyon-juniper woodland studied by 
Cnrhon and Whitford (1991). 

Tho decr mousc  vas sclected to  rcprcscnt the various spccics of mice (e,g., 

Pcromyscus spp,, Pcrogncthus spp,) that may inhabit M'DA G over time: The deer mouse is 
currently thc most common mousc species at AMDA G, cmd iY expectcd to be o. common 
inhabitant during cmly successional stages at the site, As suggcstcd by the trapping data 
of B i g s  ct al. (2995, 1997) and Bennett e t  01, (1997, 19981, othor specks of mice (e.&, the 
pinyon mouse) may become more common as the site prol;rcsscs towards pinyon-juniper 
woodland. However. rather than txy to model tho tcmporal dynMlics of soveral species of 
micc, tlio dcer mouse tvos uscd to  rcprcscnt the gsncrd mowc population. This approach 

is valid us long os the modelcd burrowing characteristics of the decr mousc Le,, burrow 

distribution with dcpth, burrow volumc, and burrow density) provide rcasoanblc estimates 

of the collectivc impacts of the mice spccics that arc nctually present at any given t h o ,  

Pockct; gophers are expected to rcsidc at MDA G ils long LW the site is in a rclatively 
djsturbcd condition. Visual obscn~ntions at  the site indicate the species prefers disturbed 
areas, the animals mc generally lcss common in the pinyon-juniper woodland. Where 
pocket gophcrs do occur in the woodland habitat, thcy tend to occurcitl.~er in very limited 
areas or  in disturbed' arcas such as those that occur along the sides of rondu. Bused on 
these obsetvntions and the faunal studios describcd sbovc, the pocket gopher W.Y not 

assumed to be present at MDA G when thc site was in its climas condition. Chipmunks 
were assumed to bo present only in thc mature woodland. !C'hese nnimds have not been- 
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observed or trapped near the disposal units nt MDA G. but arc common inhabitants in 

maturc pinyon-juniper woodlands (see discussion above). 

Animal burrow dis tribu tiona with depth provide thc basis for detcrminin 6 the 

proporizon of burrows that penetrate the waste and the maximum depth of intrusion, 

Kmvever, relatively litrlc information of this type exiuts. McKcnzic e t  al, (19821 conducted 

, ;L literature review of csisting information for species of burrowing animals tha t  may occur 
at low-level waste disposal sites, Some of that information addrcsues species included in 
rhc updated biotic intrusion modeling:, and is summarized in Table 2-8. 

Table 2-8. Burrow dcpth distributions for rMDA G animal species.' 

PHCPRC of Burrow Sivrtcrnn W i t ~ ~ & & p t t ~ v n l  
2 - 1  sD&CS atom a t * -  1.0 to 1.5& - 
klarrcater Ants 7,OE*01 L.OE*Ol l.OE+Ol 5.OE*00 5,0E+00 
Pockot Mice und LOE*Ol a.OE+Ol 5.OE*OQ S.OE+OO O,OE+OO 
Ibnwroo Rata 
Pockat Gophem 8.5E+01 1.5EIO1 O,OE*OO O.OE*OO O.OE*OO 
C ro und Scl ui rrcla S.OE*Ol 3,OE+01 1.3E*01 5.OE-00 O,OE+OO 

More recent evaluations of animal burrows add to  the data nsvcmblcd by McKcnzie 

a t  nl, (19821. In their work in southeastern Idaho, Reynolds nnd Laundrc (1988) 
characterized the distribution of burrows for four  apccicv of rodcnrs, including thrcc 
relevant t o  thc present study. Of the 43 dccr mouse burrowft c . m i n c d ,  nonc e m n d c d  

dccpcr than GO cm, Burrows of Ord's kangaroo rat (Dipodomya ordi) and Townscnd's 

ground squirrels (Spcrrnophilus townscndii) cxrcndcd to dcpths of 90 nnd 140 em, 
respectively. Wliams and Cameron (1990) measured thc dcpths and diameters of 399 
burrow riystcms of Attwatcr's iockct gopher (Gc0my.u atrwatcri) ncar Corpus Chriuti, Texas, 

Depths to the tops of feeding tunnels ranged from 18 to 21 cm. Kawnmichi (19891 oxamincd 
the burrow structure of Siberian chipmunks (Eutumias ..ribiricus) as a function of season. 

The deepest burrows were excavated when the animals were preparing to hibernate, These 
bur row averaged 79 to 83 cm in depth, and extended 3s deep as 107 cm, Sources eitcd in 
Gano and States (1982) indicntc that the burrows of the enstern chipmunk (Tamias 
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striatus) and western spccics of chipmunks (Errtomias spp.) gcncrnlly estcnd to depths 'of 
30 to  40 cm. 

Some observations cdst  on thc dcpth of burrov\ing in packat gophers that me 

spccific t o  thc Laboratory. Ticrncy and FOS (1987) obscrvcd gopher burrotvs at dcpths of 

95 t o  110 cm during rhc cxcnvntion of plant roots. Gnzalcs ct al. (1995) evaluated the 
impacts of pockot gopher burrowing on erosion using simulated waste covers. Pocket 

gopher activity extcndcd t o  a depth of 1.5 m in that study. On the other hmd, results from 
n study conducted by Wakonson c t  al. (1981) suggest that gophers had not penctratcd into 
wastc below a1.25-m covcr over o fouriycar pcriod. 

The burrow distribution data preventcd by McZicnzitl at al. (19821, shown in Table 
25, wcrc rclicd upon heavily t o  model the impacts of &a1 intrusion at D A G .  The 
burrow distribution shown for hwcstcr ant3 was npplicd directly to tho ivIDA C modeling, 
The burrowing data for pockot mice ond kangaroo ram wcm rwsumod to rcprcscnt the 

burrow distributions of Ehc dcer mouse and all other mice species prcsent at MDA G, As 
indicatcd by the work of Ro,ynolda and Laundrc (19S81, this distribution iY expected to  

ovcrcstimato thc dcpths to which dcer mice, and possibly other species of mice, burrow. 
Howcvcr, given the lack of yitc-specific burrwving data and thc devirc to rcprcsent several 
different spccics of micu with a singlc burrow distribution, these data wcxw ndoptcd for WB 

isi thc biotic intrusion modcling. 

The burrow distribution prcvcntcd by McKcnric et al. 11982) for pocket gophers 

indiccrtcs no pcnctmtion to  depths greater than 1 m However, as discussed abovc, burrows 
havc bcen obvcwcd at dcpths in CXCOYS of 1 m undar natural and c.upcrimcntd conditions. 
Bawd on these abservations, thu burrow distribution prevented by Mckionzic et nl, (19821 

was modificd for chc &IDA E biotic i n w i o n  modcling. Spccificdb, the ma.ltimum depth of 
penetration was incrcaued to 1,s m and Ehc fractions of tho burrow systems fallingtvithh 

the 0 t o  0.5.m, 0,5 t o  1 m, and 1 to 1.5 m intcrvdu were set equal to SO, 15, nnd 5 paccnt, 
rcsprctivcl y. 
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Comprehensive data sufficient; to  dcscribc the burrowing distribution of chipmunks 

were not nvailnblc in the open literncure. Lacking this information, the burrow distribution 
darn presented by iMcKenzic et 31. (1982) for ground squirrels were used t o  represent the 
impacts of ehcsc nnimnls, Thesc data arc expccted to ovcrcstimatc thc dcpths t o  which 

these animals burrow, as suggested by the data collected by f iwamichi  (1989) and the 

sources cited by Gono and States (1982). 

Using the burrow data discussed nbovc, lcavt squares regression analyses wcrc 
conducted to generate continuous burrow distributions as a function of depth. These 

functions were developed in order to evnluntc the impacts of biotic intrusion for eovcr 
depths that were noc even multiples of 0.5.m intcwals. The burrow distribution cumes 

generated by these unalyscv are shown in Figures 2.6 through 2.9. 

The burrow depth distributions shown in Figures 2-6 through 2.9 show the fraction 
of bumows occurring within n given intcival. The proportion of burrows that  cxtcnds into 

the waste is calculated by subtracting thc cumulative frequency shown for thc cover 

thickness of interest from 1.0, For instancc, thc proportion of the burrows of hnrvcstcr an t  

burrows that  pcnctrote n lorn cover is L O  minus the cumulative frequency predicted by the 
regression equation dcpictcd in Figure 2.6. Thc prcdictcd frcqucncy is 0.83, indicating thnt 

17 percent of the bur row of this species will pcnccrntc into tvastc disposed bcnenth ;i 1-m 
cover, This approach W ~ H  used to estimntc the proportions of burrows penetrating into thc 

wnstc for the four animal sptcics over a range of cover dcpchu. Thc rcsults of thcve 

caiculations arc shown in Table 2-9. Maximum burrowing depths for the differonc spccics 

are also included in the table, and w r c  taken from the burrow data discussed abovc. 

The soil mass transfer rate for n species of burrowing nnimd, m,, in Equation (41, is 

a fcnction of the burrow density. the moss of matcritll rcmovcd from each burrow, and the 
proportion of new burrows cxcavcltcd each ycnr, If it is assumed that cach animal (or 
colony in thc case of harvcsrcr ants) constructs P sin& burrow, the density of burrows at 

MDA G is equivalent t o  the animal (or  colony) density. The product of thc burrow density 

and the n1as.s of thc excavated soil 1iclds tho soil mass ttanufcr race for the year in which 
the  burrow systems arc established, Transfer rates for succccding years may differ 
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Mrucimum 
BurrOwing 

Depth 
W n c c i c s  

Hmcster Ants 1,7E-Q1 3,SE-02 O.OE+OO Z,rjE:.cOO 
Deer i I i cc  LsE-01 O.OE+OO O,OE+OO 2,OE*00 

LOE-02 O,OE+OO O,OE+OO 1,5E+00 Pocket Gop hcrs 

Cover *Y _o 
P *3 -3 

Chipmunks 2,OE=01 O,OE+OO O,OE*OO 2.0Ehoo 

depending upon whcthcr animals we burrows for mom than one yoar and whothar animal 

(or colony) densities me chnngingat thc site, 

Thc basaha biotic intrusion modalhg did not attempt to simulntc nnimnl ' 
population dynamics at ,MDA G as tho site pnaeed h u g h  the early stages of succcveion 
and into tho cl imu condition, hthcr.  two simulations were used to roproaent what may be 
best described na ateady=statu rcprcaenmtions of the site cis it e.?&& as grass- and ahrub, 
land, and ma- woodland. Consiutant with Chis approach, no distinction was msde 

bchvwn soil m u 3  transfer rates far tho first and subsctquunt years of the site airnulatiom. 
Invtcad, the lonptarm burrow rcncwal fraction for each rrpccica was ussumd t o  applv far 

tho first and all succccdingycaru of tho simulations. 

Thc soil muss transfcr rate calculated for hnrvcstcr ants is 3,9x10J kg/m'/yr. The 
burrow density was set cqud to 31 burrodha, buscd on the median value of ant colony 
densitios reportcd in tho opcn litcraturo (BIom c t  d., 1991; Keciur, 1993;. Portcr and 
Jorgcmen, 1988; Soulo and Kuapp, 19961, Work conducted by Cnrlvon and Whitford (1991) 
indicated that cnch colony o f  harvcstor MU inhabiting pinyon-juniper woodlands near &os 

Alamos brought: an average of 38 kg ofsoil to ko surfacc, This vdua was wad as the baais 

for the baseline modeling. Tbo proportion of burrum cstablivhod cucb year will &pepend 
upon the lifespan of tho individual colonieu and whether tho aumbar ofcolonies at MDA G 
is increasing, decreasing, or remaining constant ovor the. Data from the open literntuxc 

indicatc lifc-spms for harvester ant colonies ranging from 5 to 5S.yenrs under a variety o f  

I '  
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conditions [Kcelct, 1993; Porter and Jorgcnuen, 1988). Colonies evaluated for a number of 
scudicv su,lrivc.d for about 30 years, this life-span wns adopted for thc bascline modeling. If 
it is assumed that tho colony population is constant, tl life-span of 30 years translates to  an 
average r m  of colony replacement of 3.3 percent of the burrows per year. 

The soil mass transfer ratcs for the species of small mammnls indudcd it1 rhc biotic 

intruyion nodcljng wcre developed using thc information shown in Tablc 2-10, Soil mass 

transfer r3tcs for mice were crrlculcltcd using animal dcnsitiw cvtimnted by Biggs ec al. 
(1996, 1997) and Bennett et al. (1997, 1998) nnd the average burrow volume c=llculntcd by 
Mch'enzic r:lt al, (1982) for pocket mice and kangaroo rats, As discussed carlicr, Biggs et nl, 

and Bennett c t  nl. trapped smn13 mammals over closcd MDA G disposal units and in 

undisturbed pinyon-juniper woodlands koa 1994 through 1997. Estirnntcv of total animal 
dcnsitics a t  rbcse sites arc summarized in Table 2-11, For the disposal sitc in the early 
ytagcv of succession, the total density of mice was esthatcd as the overage of thc density 
estimates for the two W R B ~ ~  burial sites. This yielded a density of 19.2 anirnnlu/hn, The 
density of inice in the rnarurc pinyon-juniper woodland was set equal to thc average density 

at the control and background sampling locations, or 5 2  animalu/ha. The volume of soil 
cxcnvatcd per burrow was dcfincd using the average volume specified by McE;cnzie et nl. 
for pocket mice and kangaroo rats, this volume was converted to n mass using an avcmge 
soil density of 1,300 kgrn', The proportion of new burrow sysrcms per ycnr W;LS set  equal to 

0.90, which is the approximate midpoint of the range estimated by McKcnzic et al. (1982) 
for pocket mice and kangaroo rats, 

The soil mass ernnsfcr ratc for pocket gophers was based direcdy on the dam 

protlded by McKcnzic et  al. (19821, shown in Tablc 2-10, It is equal to the product of thc 
avcrage soil removal rote (8,3 rn'lbn) and thc proportion of burrows rcplaccd ouch year. A 

burrow rencwd ratc of 0,9 was used, the q p r o d m a t c  midpoint of the mnRe given in 

McKcnzie et al, The amount of soil escavatcd per burrow by chipmunks was assumed to  be 

0.5 rnJ/hn, the nvcrngc vnluc listed by McKcnzic e t  PI. (1982) Cor ground yquirrclu. The 
proportion of new burrows excavated each scat was set equal to O,X, thc midpoint of thc 
range proiided by McKienzic e t  al. for pound squirrels. Transfer rates for poCkct gophers 
and chipmunks were convertcd to CL mass basis using o soil bulk density of 1,300 kdm'. 



TjbIc 2-10. U a l  dcnsity ana Lxrrow data wed to estimate 
soil mass transfer zatcr:, 

Anilnnl 
SDp,cic* 

Dear hfico n t  
I Diaturbed Site, I 

Micn in Motum 
Woodland 

IJockoc C ~ p h c n  

Chi pm u n b  

Proportion 
of New 
Burraw' 

Year 
7,5&01' to LOE-00 

Syntemsper , 

7.5E=01 to LOE+OO 

7,5E*01 to LOE+OO 

li.OE91 to LOE*OO 

a. Estimate of volume of soil excavated in mafia. 

Table 2-11. Small mammal densities at MflA G m d  backgroundcontrol areas: 

Mean Density 
~~~~ 

7 .  4 

WnRtr Burid Sitc ( 5 )  2.4E-1-01 3,2E*01 213E+01 LOE+O1 8.2E+01 

Backgound Sitc (9) - s,m+oo w 

n,, ' Sourtc: +Big@ et al. (1995, 1997) and Bcnnott ct  01. (1997, 1998) 
b. Values in pruenthcscs indicate the site numbcr, SI assigned for the 199i trapping, 

Chnractcristics of thcsc sites arc providcd in thc tc.xt 
c. Number of animals docs not include one pockct gophcr trapped at thhc site, 

W m t o  Burial Sito (7) 1 , L E + O 1  1.4E+Ol l,U+Ol 1.9Ec01' la6E+01 
Control Sit0 (8) 3.3E+00 - 1.5E+00 7.7EhOO 4.28*00 

4,9E+OO 6.8E40 

As discussed mrlicr, thc thiclmcss of the covcr placed ovcc the disposed waste ut 

*NDA G has varied ovcr the lifctime of the facility. The m o u n t  of cover that has bcen 
plncod over disposal units in the post has ranged from 1 to 2 rn, C m n t  operntional p l m  

call for all units to be covcrcd with u minimum of 2 m of dean material, Howcvcr, this total 

covcr thickncss mny be incremd t o  as much as 3 m if thc need nriscs, Given this, the 
baselinc modeling evaluated the irnpac8 of animal intrusion for cover depths ranging firom 

1 to3m. 
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The uncertainty analysis eonductcd in support of thc biotic intrusion modcling for 
the MDA G peflormancc assessment and composite nndysis c.mnincd the impace of a 

peatcr  propohon of plant roots penetrating the disposed waste and intrusion into the 

wastc by pocket gophers. As discussed earlier, thcse uncertaintics nnd those associated 

with other ospccts of the ntmosphcnc pathway led to ehc conclusion that thc pcrformaacc 
objectives for the composite analysis may be exceeded under worst-case conditions, Given 

the unncccpmblc nature of this conclusion, a more cxtcnuivc analysis of thc unccrtainties 

associated with the biotic intrusion source release model way undcrtdcen ;LY part of the 
updated modeling:. The results of this analysis, in corjunctian with updated analyses OR 

other aspects of the atmospheric pathway, will pennit a more rigorous evaluation of the 
disposal facility's ability t o  satisfy thr performance objective for this exposure scunario, 

A probabilistic approach was taken to cvnluacc the impacts of parameter 

uncertainties on the projected rates of rabionudidc release following biotic intrusion, 
Adoption o f ,  this approach required the estimation of paramctcr distributions €or thc 
variables that  enter into the plant and animal intrusion models shown in Section 22,  

Thcse include thc fractions of plant roots and m h n l  burrows that pcnetrate into the 
disposed wcstc, plant rndionucljdc uptnkc factors, litter production rntcs, and mass 
transfer cocffcicnts for burrowing animals. The tvastc cover thickness and sail bulk 

density are also input parameters for thc biotic intrusion models, b u t  were assumed eo 

remain conscant for thc probabiljstic uncertainty analysis, 

The proportion of plant roots that pcnctrotc tho wnstc, in Equncions (1) and (21, is 

il function of'thc rooting characteristics of the vegetation and thc thickness of the cover. As 
discussed ca.rlier, rcgrcssion analyses were conducted to estimate composite rooting dcpth 
distributiom for grasses, forbs, shrubs, and trees. The variability in the genera and  

specicu-spec.iic data used EO generate thcsc distributions way used to estimate dish butions 
of zhc proportion of roots penetrating the waste for each vcgctation type, 
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Tho process uscd to estimate distributions for fr, may bc illustrated with the data 

usod.to develop the cornposito rooting distribution far pusses, Those datu, and the 
regression curve dcvclopcd to reprosent thcm, are shown in Figure 2.1, The distribution for 
fm for a @van cover thickncsv wns estimated by the distribution of genera or species-specific 

root frcqucnacs at ,the two depths bracketing that cover thickness, For c.mple, the 

distribution of rooting frcquencics at 93. and 122 cm wcrG used t o  estimate the variabilityin 
GJ for ~1 cover thickness of 1 m. The minimum and m h u m  cumulative m&g. 

frequencies nt thcsc depths were identified and used to  estimate the minimu azld 

maximum proportions of roots that penetratc into the waste. The paramctcr fM was 

assumed t o  hwc a triangular distribution with endpoints defined by these minimum and 
maximum proportions. The fraction of roots. projected t o  pcnotratc the waste by t he  

tcgwssion equation was assumed to be the most likely valuc. This process was rcpented to  

cstimatc distributions of q,, for cach plant gowth=form for cover depths of I,?, and 3 m. 

Variability in litter production and decay rates Will lend to uncertainties in 
projcctioav of the rate at which contamination assimilated by plants enters into the surface 
soil. Tho bwolinc modcling'assumcd that the urnaunt; of v a s  and forb Iittcr d e c a M g  to 

form soil each year was equivalent t o  the mca.wrod or estimated yields for these growth- 

forms. Consistcnt with this nppronch, distributions for litter production rates at the 
recently closed and climm sitaa were dcfincd using thc production data presented in Tables 
2-3 and 2-6, For thc unccrtainty nnalysis, distributions of thcsc production data wera 

developed and used EO represent distributions for litter production, Yields of grasses and 
forbs werc assumed t o  have triangular distributions with most likely vnlucv set cqud to the 

median yields used in the baseline modcling. Thc minimum and rnaxhum values were 
defined b a d  an the rangc of thc data for cach gTowth-form, All Iittor was assumed t o ~  

dccompose to form soil in thc year in which it was gencratcd, 

As discussed earlier, shrub littcr production rates for thc emly successional and 
clim~.q stages of MDA G were evtimatcd as the product of t he  inverse of'thc biomass 
nccumulation ratio for shrublands and the production vducs for the two commUnitics. W 

samo approach wns used for the uncertainty andpis, The biomass accumulation ratios 

were ossumed t o  haw o triangular distribution. The endpoints of the distribution were 



dcfincd using the rangc of biomass accumulation ratios providcd by Whittaker (1955) for 
shrublands, while thc most likely value wns sc t  equal LO the mid-point of this rangc. Sbrub 
biomass was also nwumcd to have o trianjwlnr distribution. The minimum, most likely, 
and mucimurn values wcrc defined usinl: thc minimum, mcdian, and m&murn productlon 

values listed in Tables 2-3 and 2-6. 

Few dam cxist to charnctcrizc the quantity of littcr gcncrarcd annually by trecs.in 

maturc pinyon-juniper woodlands, making the dcvclopmcnt of n distribution for this 

pnrnmcter ;~nrticulnrly difficult, h discussed carlicr, annual littcr production rates for 
coniferous trees nppcar t o  be on the ordcr of a few perecnt of the above-ground biomass. 
For the unccrtninty analysis, thc relntivc rate of production ~ 1 1 1 1  assumed to hnvc a 

triangular distribution with minimum, most likely, and rnmimurn values of 3, 6.5, and 10 
perccnt. "hcuc proportions wcrc multiplied by the above-ground biomass of the woodland 

to determine annual littcr production rates, The distribution for nbovc-ground biomavs was 

estimated using the data of Gricr c t  al. (1992) and Mccuwip (19791, discusscd in Section 
2,3,1. Biomass was also aasumcd to  bavc n trianmlar distribution with II moat likely value 
of 63 Mgh;;, the valuc used as the basis of the baseline analysis. Thc minimum and 

maximum values of the disbibution wcrc 22 and 121 M g h .  

Thc i=adionucIidc plant uptake factors charactcrizc the cxtcnt to which contaminants 
in thc wastct arc tnkcn up by thc roots and assimilated by the vegetation. Encs cf d. (1984') 
conducrcd nn extcnsjvc literature rcvietv of tcrreatrinl transport and agricultural 

parameters to cstimatc tho uptakc factors used in thc! March 1997 pcrformnncc nvscsvmene 
and eompositc analysis. In gcncrol, plant uptake factors werc found by thcsc investigators 
to bc lopomnl ly  distributed. For those elements for which sufficient data existed, 

geometric m e m s  and standard deviations of the plant uptake factors wcrc providcd, In 
most cases, the geometric means of the distributions wcrc adoptcd as the bcvt cstimatc of 

plant uptake factors for lcnfyvegctation. 

Thc data devcloped by Bncs c t  al, (1984) werc used as the basis for defining 
distributions for root uptake factors for thc biotic intrusion modeling. IVhilc gcomctric 

menns and standard deviations could be adopted directly from tho report for many 
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elcmcnts, this information did not cxist for othcrs. Included among the clcmcncs for which 
this information \vas absent tverc those that made significant contributions t o  tho 
atmospheric p o t b a y  cxposurc~ projcctcd for human wcoptom foIIowing biotic intrusion. 
Lacking the dcsircd data, thc root uptake factors for a11 clemcnes wore assumed to be 

lognormally distributed with a gcomctric mean equal to tho factors used in the basebe 
modolinr: and ~1 geometric standard deviation of 3, The stand& doviation of 3 is tbe 

approximntc overage of the standard deviations rcportcd by Bncs et nl. for tho elcmcnts for 

which distributions could bc estimated. 

' 

As discuacd in Section 2,2.1, thcrc iu little in the way of dctailcd data describing tho 

distribution of burrows with dapth for bumwing spccics. Cowcqucntly,. it was not possible 
to dcvclop distributions for thc proportions of d m a l  bumwvs that penetrate into the 
disposed ivaatc, pammetor f., in Equations (3) and (4. However, the impacts of 

unccnaiintics ussocintcd with the d e w a  of intmsion into tho disposed waste were 

ovnluatcd in t c m  of the soil mass t r m f c r  rate. 
I 

T!hc soil muss transfcr rata for a given species of animal is a function of the burrow 

density, the mass of soil cxcnvated per burrow, and the proportion of ncw burrows 
axcavntcd cach ycm. Distributions of those parnmoters WCM estimated for thc harvester 
ant, and used to dcvrlop o. distribution for the soil transfer rate. A distribution of hwester 
ant burrow, or colony, densitics was dovclopcd using rncavurcd colony dcnsitics fram the ' 

opcn literature (Blom ct; ai.. 1991; f<'telcr, 1993; Pomr and Jorgcnscn, 1958; Soulc and 
Knapp, 19981, A trimgulnr distribution was used to rcprcvent thcsc data, settingthc most 
likely valuc to  the dcasity used in thc baseline modcling and thc minimum and m&ium 

to  the lowest and highest densities rcportcd by thcse studies. 

Limited information exists on thc mass of soil cxcnvated by each ant colony. Ropen 
and hvignc (1974) estimated that M average of 2.8 kg of soil IVOS excavated by harvcsecr 
ant colonies in northcastcrn Colorado, Based on this soil VOICLII~C, the r n ~ ~ u m  soil 

removal rate obscrvcd.in four colonics was 87 k g h  These vducs EVC low relative to data 
collcctcd by othcr invcstiptors. Cmluon and Whitford (199U csthntod that t he  average' 
mass of ant mounds in pinyon-juniper woodlands near Los Al,amos was 38 k, while the 
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mass of mounds in a ponderosa pinc community averaged 48 kg. The total soil removal 

rates in both communities were about 650 kgha, While per burrow mass data were not 
proLided. Briese (1982; cited in Carlson and Whitford, 1991) reported that  ants in a 

semiarid shrub srcppe in Australia turned ovcr 350 to 420 kg of soil annually, Whitford et 
nl. (1986) found ants in eastern Xew Mcxico rnovcd an average of 840 kdha co the surface 
on a seasonal basis, WhiIc ncithcr average mound rnasscs nor colony densicics were 

provided in the studies by Bricsc and Whitford c t  al., the total soil removal ratcs suggest 
chat the avorage mass of soil excavated by each colony 14411 be grenccr than chat cstirnatcd 

by Rogers and Lavignc (1974). Bascd on this rationole, the mound mass per hmcstcr  ant 

colony was nssumcd to have n triangular distribution with minimum, most likely, and 

maximum values of2.8,38, and 48 kg. 

The proportion of new burrows construcrcd by hanwcer ants each year was 

estimated bnsed on the assumption that the density of colonies at; MDA G is constant ovcr 
timc. Under thcve conditions, thc proportion of ncw burrows pcr year is thc inverse of thc 
colony life-spm, Life-spans were assigned D trinnplar distribution using data from the 
open literrrturc (Keelcr. 1993; Porter and Jorgcnsen, 1988). Tlic 30-yunr life-span uscd in 

the baseline was the most likely value, while the minimum and mrudmum life-spans W C ~ C  5 

and 58 ycnm 

The *;anability in soil mass transfer rates for species of micc was reprcscntcd using 

an~mai dcnsitics estimotcd by Bigp e t  01. (1995, 1997) and Bannctt c t  al. (1997, 19981, and 

burrow information from Mck'cnzic e t  nl. (1982). Mousc dcnsitics at  MDA G when the site 
is in its carly successional stages were nssumcd to  have n triangular distribution with 
minimum and maximum values of 10 and 32 anhalslfm. These endpoints represent the 

rnnpc in densities found at the two w u t c  burial sites O V C ~  thc 1994 to  1997 trapping pcriod 

(Table 2=11), The upper end of this rnngc is in gcncrd apcemcnt  with infornetion 

provided in Burt and Grossenheidcr (19801, which indicates that densiticv of 25 to 37 
animaldha in thc ,summer months is high. Thc most likcly animal dcnsity w3s usumcd to 

be 19 individuaIs/ha, the average value uscd in the bascline modcling, A similar approach 
was uscd to gcncmte a distribution of m o u c  densities for thc maturc pinyon=juniper 

woodland. h i m a l  density was nssumed to have a triangular distribution i i t h  endpoints 



cqwl to 1.5 and 8,'i cmnimalsha., the range of densities estimated by Big@ et 31, and 
Bennctt et d, The most likely value was set cqud to 5 2  andddha, the  average density 
used in t;hc baseline modeling. The volumcs of the  burrows convwuctcd by all specics of 
mice were msumcd to have a triangular distribution, with endpoints defined by thc range 

of bunow volumcs rcportcd by McKcnzie ct al; for pockat mice and kangaroo rau (TabIc 2- 
101, Thc averagc burrow volume for these spccks was used as the most lilcely value, 

Burrow vohncs were converted EO a mass basis using a soil bulk density of 1,300 kdrn', 
Finally, the proportion of ncw burrows conumcced annuaIIy was assumed to range from 

0.75 to 1.0, wvith a most likclyvaluc of 0.9. 

Tho unccrtaincy associated with the soil mass transfer rate for pocket gophcrs was 

rcprcscnted using thc data prcsentcd in McIicnzio et  nl. (1952). shown in Table 2-10, The 
amount of soil brought t o  thc surf'acc was dcscribcd using P triangular distribution with 

minimum, most likdy, and m d u m  valucs of 0.51, 8.3, and 82 rn'ha, rcupcctively. "he 

proportion of new burrow systems constructed each year \VU also assumed to have a 

triangular distribution, wi th  minimum, most likely, and maximum values of O , V ,  0.9, and 
1.0, Tho data reported by McE;cnric et nl. for ground ,sqUirrcls were used to  develop- 
distributions of.nnima1 dcnsitics and burrow volumcv for chipmunks. Triangular 

distributions were assumed for both pammctcrs, the endpoints of which were dcfrncd by 
the rangcy provided in Table 2-10, The most likely d u e s  were set C ~ U O ~ '  #. the aveng:c 
vnlucs reported by Mcficnzic et al. 119621. Tho propohon of new b m w  systom 

constructed each ye= way avsumcd to  haw a triangular distribution, wvkh a mhhum 

value of 0.5, most likoly vduc of 0,76, and a mzsimum value of 1.0, Mass transfer ratcs 
for thc po&ct gopher and chipmunk were converted t o  a mass basis using a soil bulk 
dcnsity of 1,300 kdd. 
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3. BroTrc INTRUSION MODELING R E S ~ T S  

The results of the updotcd biotic intrusion modeling for iMDA G are prcvcnted below, 
Section' 3.1 Frcsents the baseline modeling rcsultu, and compares them t o  modeling rcsults 
obtained using the data dcvcloped for thc March 1997 draft of thc MDA G pcrf'onnance 

assessment and composite analysis (LPUNL 199'71, Results from the probabilistic CI 

uncertainty analysis and scnsitiviity analysis arc discussed in Section 3-2, Some general 

conclusions about the impacts of biotic intrusion on the ability of MDA G t o  safcly contain 

thc waste art: provided in  Section 3,3. 
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3.1 m W M O D E W G  RESYE, TS 

The baseiinc modeling considered thc impnct;~ of biotic intrusion upon MDA G under 

t w o  sets of conditions, These conditions address the disposal units during early succession. 
and following the cstablishmcnt of pinyon-juniper woodland across Mesita dcl Bucy, 
Projected im,pncts were evaluated for radjonuclidcv with plant uptnkc factors ranginE from 
10" to  100, fcr 3 period of 10,000 years. 

Thc normnlizcd soil radionuclide concentrations projected for MDh G during carly 
succession u c  shown in Figure 3-1 for disposnl units with 1 m of covc~. Dcplction of soil 
contaminant concentrations due to rndionctivc decay is not accounted ior in thcvc results, 
Plant intrusion is thc dominant mode of radionuclide mansport for isotopes chat have high 

plant uptake factors, these factors arc denoted by the variable B, in thc lepmd of the figure, 
Soil concentrations projcctcd at early times in the simulation dcclinc about an order of 
magnitude 3s the plant uptake factor dccrcascv from 100 to 10, h t e s  of dcclinc slow with 

further dccrc!nucs in plant uptake factor, as contamination cxcavatcd by burrowing animals 

plays a neater role in determining surface soil concentrations, Animal bumowing is the 
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F i m  3-1. Pxojcctcd soil concentrations for disposal units with 1 m of 
cover - carLv succcssion. 



dominant mode of radionuclide transport for jsotopcs with plant upmke factors of 0.1 and 

less, The concentration curves far thcsc isotopes ovcrlnp with one anothcr because the 
rates of soil excavation are independent of thc propcrtics of thc radionuclidcs, 

Projected soil conccntrationa for mdionuclidc,s with very high plant uptake  factors 
decrease ovw time as the waste invcntory is dcplctcd and os rclativcly clcan soil brought t o  

the surface by animals dilutcv the contamination deposited by plants. In contrast, soil 

conccntruticm of radionuclides that  arc primarily transportcd to the ground surface by 
bunowing trnimals incrcnsc over the 10,000-year period, due to the slow rate of wnstc 
excavation. Conccntrations of those radionuclides arc dilutcd sorncwhnt by relatively 
uncontaminated plant litter that  falls and dccoys to form soil, 

Radionuclide concentrations i3 surfncc soils dccrensc os tbc cover thjckncm OVCF the 

disposed waste is incrcnucd. This is shown in F i p c s  3-2 and 3-3, which present 
nomalizcd concentrations over disposal units with 2 and 3 m of cover, respectively, For the 
disposal units with 2 m of cover, soil conccntrntions of radionuclides with plant uptake 
factors p c a t e r  than 10'' are dominated by plant processes. h i m a 1  intrusion has an 
inmcnsing role for radionuclides with plant  uptake factors of 10' and Icss, Projcctcd soil 
conccntr;rtions for disposal units with 3 m of cover are directly proportional to the plant 

uptake factors over the cntire range of factors cvnluntcd. "his is due to the fact that 
animals arc not projcctcd to penctrarc into thc W O N ~ C  placed in thcsc disposal units. For 
both sets of disposal units, concentrations of rcldionuclidev with plant uptalcc factors of 100 
daclinc slowly due to inventory dcplction and dilution of contaminated littcr with soil 
excavated by animals. Soil concentrations of radionuclides with plant uptake factors of 10 
OF less remain essentially constant over the simulation period, 

The results shown in Figures 3-1 through 3-3 will tend to ovcrcstimate the actual 

impacts of biotic intrusion at; thc site for thc first f c ! ~  years of' the simulations. This is 
because the modeling assumcs that the plant and animal communities nrc prcscnt a t  thc 
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Figure 3-2, Projcctcd soil concentrations for disposal units with 2 m of 
cover -early succcssion 
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Fifiurc 3-3. Projected soil conccntrations for disposal units with 3 rn of 
cover - early succcssion. 
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indicntcd lcvcls as soon as thc facility closes, In fact, while annuals will invadc the site in a 

I rapid fahion, perennirzl'gmsses and forbs will bccomc established over n period of 3 few 
yem;  shrubs will'rcquirc~cvcu longer periods of timc to become rstablishcd at. the levels 

estimated for,.tho . .  biotic. intrusion modeling. 

colonize the site bnd establish b u m w  sptcm ovcr'a period of time. 

Tbe ptojectcd soil concentrations for AMDA G in its climax condition arc shown in 
Figures 3 4  through 3-6, These concentrations do not account for &e dopletion of 

radionuclidcu by radioactivc'dcray. The times shown in &e figures refer to thc amount of 
time since the start of thc climax condition, h discussed omlicr, the m o u n t  of t ime 

rcquircd for thc site to nppmnch or attain a climt~v condition is expected to be nc lease 100 
ycars, and morc likcly on the ordcr of 200 y c m  or morc. Consequcndy, the tirncv shown in 

Figures 3.5 through 3-6 occurwcll dtcr the end of faCiliv operations. 

For thc disposal units with 1 m of cover, conccntrations ofradionuclidcs with high 
plant uptclkc factors m 12 to 14 times pcatcr at thc c h a v  site than &hey arc during early 
succcssion ( F i p c s  3-1 and 3-41. Thir dif€"rcncc is the Rsult of tho prescncs of trees in the 
plant community, and tha nb.senco of pocket gophers in the woodland. W e  tho degxee to 

which the roots of trees ponctratc the waste is comparable EO that of the othcr powth- 

forms, the amount of litter gcncrated by the trcoa is projectcd to bo much lnrgcr than thc , 

amount produced by p u a e s ,  forbs, und shrubs cornbiacd. AY a result, larger amounu of 
conmdnntioh will bc incorporaccd into &c soil as plant matcrial docompoucu, The effcct of 
the pocket gophor is rolntcd t o  tho dugrcc to which contamination doposited on the pound 
in thc form of litter is dilutad in rclativcly uncontaminated soil. When present. t h o  gopher 
cxcnvatos large quantities of soil that has radionuclide concentrations that arc much lower 
than those found in the littor,, Consequently, tho soil effectively dilutes thc contamination 
dcpovited as littor. TVhon thc species is abvont, US it is assumed t o  bc in thc maturc 
woodland, lcss soi1 is brought t o  thc surface rcsulthg in loss dilution and higher soii 
conccntiationu. 
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Projected soil conccncrtltions of radionuclides i&h low p l a t  uptake factors arc 10 to 

44 pcrccnt less in the climax condition than for disposal u n i ~  with 1 m of cover during 
c d y  succcssion. Lass total contamination is brought to the surface by tho animds in the 
woodland communiqt. Fudicrmoro, tho largc quandtiov of litfor gcncratcd by trees in the 

woodland have low concentrations of thcsc radionuclides, As such, the soil formed by the 

decomposition of litter dilutes thc contamination brought to the surface by rrnimdis. 

Large dif'forcnccs also exidst betwccn the soil conccn tdons  projected for climax 
conditions and carly succession for the  disposal units With 2 and 3 m of cover, For the units 
with 2 m of covor, concon&atianv of radionuclidcs with high plnnt uptake factors under 
c l i m u  conditions are almost 20 timcs p n t o r  than the levels estimated for the early stages 

of succession (Figures' 3-2 and 3-51. Unlikc tha situation noted above for disposnl units with 

1 m of cover, concentrations of radionuclides with low plant uptake factors arc also greater 
than thc conccntrations projectad for thc early successional ~tagcs. In this w e ,  the 

contamination that is deposited ~ls tree littar plays an important role in the ovorrtll impacts 
of biotic intrusion oven when thc plants have only a limited ability t o  usairnilate the 

radionuclides, Climay conccnbations of all radionuclidcs over tho disposal units with 3 m 

of cover ure almost 30 timcs greater than tho concentrations projected for the site during 
early succcvsion (Figurcu 3-3 and 3-61, Plant uptokc is the only way in' which 
contamination mny bc brought to thc surface ovci thcsc units. The contamination 
dcpositcd ns fittcr"undcri0cs I ~ Y Y  dilution in the cl i rnu wvoodland due lclrgcly to the 

nbsencc of thc' pocket gopher. 

As djscusscd earlier, it way ausurncd in thc Much 1997 draft of tbc MDA G 
pcrfgnnancc nsucssmont: and composite analysis that maintcnancc of thc closed di~posal 
site provontcd the establishment of dccp-rooting plants and cxtcnuivc burrowing by 
animals. The cffect this assumption has upoi tbc projcctcd impacts of biotic intrusion may 

be dcterrnincd by comparing, the results from thc updated biotic i n k i o n  modeling with 

corrcsponding results from the earlier modeling. These comparisons arc shown for disposal 
units with 1 m of cover in Figurcs 3.7 and 3.8, Figure 3-7 compares the results. of the  
updnrcd modeling for the sitc in its cwly succcssional stages with the results Erom the 
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modeling uircd for thc LMDA G pedormencc nuuessmcnt and composite analysis. Thc rcsults 

for the climax condition of ehc site arc compared to thc prior modeling results in Figure 3 4 ,  

A1 comparisons arc shown as the ratio of thc updatcd soil projcctions (h., for the site 

during early succession nnd in its climm condition) to ehc yoil concentrations projected 

using the 1!.397 baseline model, l ?mc  ratios arc shown m a function of time and for a range 

of planz; uptnkc factors. ' 

Soil concentrations projected for radionuclides with high plant uptake factors during 
the early stagcv of succession arc Icss than thc concentrations projcctcd using thc NIX G 
performancc nssesurncnt model for early simulation times (Figure 3-71. Whilc thc cxtcnt of 
plant intrusion is greater in the updatcd modeling, YO too is the degree to which animals 
burrow into the site, Thc Ffrentcr amounts of soil brought to the surfacc by animals in the 

updated modeling dilutes thc additional contamination taken up by plants, yielding soil 
concentrations lower t han  those estimated for the performance assessment and compositc 
analysis. Differences in litter production ratcs and plant rootinl: depth distributions cawe 
the concentrations projected using thc 1997 modcl to dccrcesc morc rapidly than seen for 
the updated modeling, As a result, the conccntrations projected for thc site during early 

succession eventually exceed those cstimatad in the 1997 modeling, 

Conccntrations of rndianuclidcs with low plant uptake factors arc similar bcnvecn 
the siec in early succcsuion and the site 3s it was rnodcled in 1997 for cilrly simulation 

times. As tirnc passes, however, surface concentrations projcctcd by the updatcd rnodclinF: 
mount because more cxtcnuive pcnctration of thc waste by burrowing animals occurs, 

tVhile the updated concentrations arc 34 percent greater than those projected by thc 1997 

models at; ycnr 1,000, they arc about 3.2 timcs higher at thc end of 10,000 years. 

Ratios of site soil concentrations under climax conditions and thosc projcctcd for the 

MDA G performance assessment and composite annlysis increase OVCF t h e  for 
radionuclides with very high plant uptakc factors (Figure 3-61. Grcntcr rates of litter 

production in tho updatcd modeling and lower rates of dilution of surface contamination by 

soil brought to the surface by animals arc primarily rcvponvible for this pattern. Climas 
community conccntratjons of radionuclides with small plant; uptake factors arc projcctcd to 
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intrusion into thc waste by animals and greater dilution of surf'.cc conturnination by 
rclutively uncontaminatcd plant litter. 

Thc comparison of projectcd soil concentrations shown in Figure 3-8 assumes that 

.the start of the c1imx.u community simulation coincides with the beginning of the 1997 

modcl output, As discussed cclriier, this is not cqccted to be the case as the site iy e.xpccted 

to rcquirc tl fcw hundred years t o  rcach or ncar climax. However, similar relatiionships are 

obscrvod cvcn if this temporal shift is mkcn into account. 

As discusscd cdicr,  sudacc erosion at the levels projected for the 3IDA G 
performance msosamcnt and composite annlysis htls ~1 ncgIi~ble effcct on the projected 
impactv of biotic intrusion, and was not included in the updated modeling If ari 

assumption of no erosion is appled to the 1997 modeling, no transport: of contmninntion EO 
the yurfacc of MDAG is projcctcd t o  occur for disposal units covorcd with 2 m or more of 
clean soil. Consequently, modeling results from t he  updated and 199i appronchcs were not 

comparcd for cover depths of 2 and 3 m. 

L .  

As discussed earlier, the impncb of biotic intrusion projected for ivfDA G in the 1997 
draf't of tho compovito analysis wcrc grrntcst for thc atmospheric csposurc scenario. In this 
scenario, contamination dcpositcd on the surface by plants and animals was transported to  

off=sitc rcccp tor locations with thc prcvailing winds, E.upouums were rcccivcd through a 

v k c t y  of cxposurc pathways, including tlic inhalation of airborne particulntcs, ingestion of 

conhminatcd soil, ingcvtian of food crops g o w n  in contaminntcd soils and cantruninntcd by 
amosphcric deposition, and diract radiation from contaminated yoils and nirborne 
mdionuclidcs. 

Ultimately, the impacts of biotic intrusion on thc ability of'iWA G t o  safely contain 

the disposed wavtc will be judgcd in toms of human c,xposurcs. Conscquontly, thc 
otmosphcric scenario uscd to project doses for thc rMDA G composite analysis was 

implemcntcd using the rcvults from thc updated biotic intrusion modcling. This modeling 
uvod the cxisting composite analysis inventory, which includes dl radiooctivo wnste 
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disposed of, and projected to requirc disposal, at MDA G. T h c  updated cxposurc modcling 
considered aonly the receptor location in Canada del Bucy, thc point of maernurn cxposurc 

for the scenilrio, Depletion of the radionuclide inventories due to  radioactive decay tvas 

taken into account in thcsc simulations. 

The atmospheric sccnnrio dose projections for LMDA G in its early successional stages 

'arc  compared to the 1997 compovitc analysis projections in Figurc 3-9, Doses for ;he 
updatcd modeling arc shown starting at the cnd of fadlity opcmtjons, whilc the prior 
modeling results begin 100 ycnrs after faci1it;y closurc. This is consistent 14th the 

asuumption,s upon which thc two analyses were based. The updated biotic intrusion 

modcling aauumed that  no actions were taken t o  limit biotic intrusion after site closurc, 

whilc the composite analysis assumed that intrusion into the waste by plants and nnimals 

was prevented during the 100-year active institutional control period, 

Tho peak dose projected using the updated biotic intrusion modcling is 8.4 mremlyi 

and occurs at  the and of facility closure. This dose is 44 percent greater than thc peak. dove 
projected for the composite analysis at  the end of activc institutional control. The 
inbnlntion of airborne contamination is rcvponsible for morc than 94 pcrccnc of tbc pcok 

dose projected using the updated biotic intrusion modeling, I~otopes of plutonium and 

amcriaum arc the dominant rndionuclidcs, accountin(: for 98 pcrccnc of the pcnk dose. The 
w m t e  disposed of i n  pits prior to 1971 is the main contributor t o  the projected doses, 

accounting for 87 percent of the pcak exposure,, Pathway, radionuclide, and invcntory 

contributions similar to  these wcre also obvcrvcd for the 1997 composite analysis c.xposurc 

projections. 

discussed carlim, modeling of h'lDA G in its cnrly successional stages assumes 

that thc plant and animal communiticv arc instantly established at; the site when the 
facility closes. In reality, these communities will bccomc cstablisbcd padunlly over a 

period of P fcw years. Conucquently, the doses shown in Figure 3-9 for the early ycnrs of 

the succcvsion are cxpcctcd t o  overestimate actual cspouures, ttThilc further analysis is 

required to nccuratcly dcterminc how much the c,uposures arc ovcrestirnatcd, the disparity 
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1 - Early Succession - 1997Composlte Analysis . 

RAE - 106761 

Figurc'3-9. Comparison of projcctcd atmospheric scenario doses. for the early successiantll 
community ana the 1997 composite analysis. 



is cxpccted to bc less than 1 3  mredyr ,  or the difference bcnvccn rhc doves projected for 
year 1 and 1.00 of t h e  simulation. 

Tbc projected atmospheric vcenmo doses for MDA G in its climax condition arc  

comparcd to the 1997 compositc analysis doses in Figure 3-10, Information from Arnold et 
rrl, (1964) and Trcas and Nopncck (1987) suggest that thc rime tcquircd for MDA G to 

nchicve clirr.iuc conditions similar to those modeled 1~31 be a t  l e u t  100 ycrus, and probably 
much longcr. The modcling rcsults for thc climax community arc shown beginning 3t 100 

ycnrs post-closurc to cover the range of thevc estimates, 

Thc peak annual cxpovurc projcctcd for thc atmospheric scenario under clima.. 

conditions is 3.5 mrem if thc sitc is ossumcd to  rench a clim3x condition by 100 years pout- 
closure, It declines to 2.7 mrcdyr if it is assumed tha t  climax canditions arc not achieved 
until 300 y a u s  after facility closurc. These doses arc 46 to 60 pcrccnt of thc peak dose 
projected for the 1997 composite analysis 100 yenrs afier facility closuc. The inhalation of 

airborne contamination accounts for almost all of the doses projcctcd for the sitc in its 

climax condition, Isotopcs of plutonium and americium ore rcsponsiblc for more than 97 
percent of tlic projected peak dose; waste diuposod of bchvcen 1957 and 1970 accounts for 

87 pcrccnt or more of thc total exposurc. Plutonium and americium in thc pro-1972 ivtlutc 

made similar contributions to the doses projcctcd for thc 1937 draft of tha MDA G 
composite analysis. 

Sources of uncesainty associatcd with the updated biotic intrusion modeling may 
introduce errors into the soil concentrations projected for MDA G in its early succcssional 

stages and its climax condition. A probabilistic unccfiainty analysis was conducted to 

bcttcr understand the impact o f  uncertaintics asuociatcd with the model input pammeters. 

The results of this analysis protide insight into the potentia1 variability nssociatcd with the 
basclinc cstimntcs 0: S U T ~ ~ C C  soil concentrations ptescnted in Section 3.1. A Ycnsicix5ty 
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Figure 8-10, Projected atmospheric sccnruio doses for the climax community and 
the 1997 composite analysis.. 

3-18 

. .  



analysis was conducted t o  help identify the parameters that play major roles in the 

projected impacts of biotic intrusion. 

A 1,000-year compliance period wns used t o  evaluate the ability of MpA G to sotisfj, 

the pcrformnncc objectives for thc pcrf'omnncc mscssmcnt and composite analysis, \Vhi!e 
the discussion of the baseline modcling in Section 3.1 considers the potential impacts of 
biotic intrusion over ;1 10,000-year period, thc uncertainty annlysis was c;onductcd on the 
basis of this compliance period. The analysis uses thc rnaxhm mcsn-top soil 

concentrations projected during this period as a measure of disposal facility pcrformnnce, 
and addrcssics thc impacts of parnmcter variability on these concentrations for cnrly 
succession and climax conditions, T h e  analysis considers the range of cover dcpthu and 

plant uptnkc factors includcd in the baseline modcling, 

The results of the uncertainty onnlysiv for the disposal site during the early atngcs 

of succession me sumnrizcd in Table 3-1, This table presents the summary statistics for 
tbc maximum projcctcd soil conccntrntions within 300 ycms of facility closurc, ON thc site is 
expected to rcnch, or near, a climax condition by the end of this period. Concentrations are 
provided for cover depths ranging from 1 to 3 m and plant uptake factors ranging from 10' 
to 100. For cach combination of cover depth and  uptakc factor, thc minimum, median, 90' 

pcrccntilc, 951" pcrcen tile, and maximum normnlizcd concentrations projcctcd by the model 
are ESjvcn. Thc pcrccntilc values indicate thc pctccntagc of t;hc gcncrated soil 
concentrations that arc less than or equal to the associated vnluc, For cxamplc, the 9Sh 

percentile concentration for radionuclides disposcd under 1 m of cover and a plant uprake 

factor of 10 indicates that 95 pcrccnt of the calculated normalized concentrations will be 
less than o r  equal to 3.9. Conversely, 5 pcrccnt of the projcctcd conccntrntiom will be 
genter  than 3.9. 
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Tahlc 3-J.Summary stalistics of the normalized sail concenlra~ions projected by the uncerlninly onalxsis for hllL3 t. in its 
early successional stages. 

Normalized Soil Concentrations 
Coyer ThickuessA'lant 

1 rn Cover Thickness 
UDbke Factor Elaseline At i n irn u m Median 90" Percentile 95" I'ercentile lClarimum 

Plant uptake factor = IO' 
Plant uptake bctor = 10' 
I'Iant uptztkefactor = IO' 
I'lant uptake factor = 10' 
Plant uptake factor = IO' 
Plant uptake factor = IO' 
Plant uplake factor = lo' 
t ' h t  uplake factor = IO' 

2 m Cclver Thickness 
Piant uptake f3ctor = IO' 
I'Iant uptake factor = IO' 
Plant uptake tactor = IO' 
I'lant upfake fiattot = 10' 
Plant uptake f;fcfor = 10' 
I'lant irplake f3tt0r = 10' 
Plant uptake facbr = 10' 
Plant uptake tactcrr = IO* 

3 m Cover Thickness 
 an t uptake fxtrjr = IO* 
f J h t  uptake factor = io' 
 wan^ uptake factor = 10' 
Plant uptake faclor = 10' 
I'lant upfake factor = 10' 
I'tant uptake factor = IO' 
Plant uptake factor = 10' 
Plant uplake factor = 10' 

3.OE-03 
1.5E-03 
1.w-0 I 
7.5E-05 
5-4 E- 05 

' 4.7tSiy 
2 2E-05 
2 2E-05 

1.3Et00 
2.2Eoi 
9.5E-02- 
8.OE5-02 
7.7E-02 
7.7pt02 
7.7E-02 
7.7E4-02 

7.5PW1 
8.1E-02 
1 .OE02 
2. I E03 
l.lEQ3 
4.9E 0 J 
9.7E-04 
9.m-0 I 

7.1ErGO 
8.9E-01 
1.5E-01 
9.8B-02 
9.6802 
9.5E02 
Me-02 
9.5E-02 

4. I E t  00 
4.7eo1 
4.9e-02 
7.7 BO3 
3.5E-03 
3.1E-03 

3. IE-03 
3. f E-03 

2.713 f ao 

3.3e-QS 

3.1E-01 
3.1E-02 

3.2E-05 
3.1 FX5 
3.OFrOG 
3.2E-07 

I.1EtOI . 
1.3Et00 
2 oe-01 
1.OE-01 
1 .OB0 I 
I .OR-01 
LOE-01 
1.OE-01 

6.4Et00 
7.3FrOI 
7.8E-02 
LIE-02 
4.8Yr03 
4.3B03 
4 3E-03 
13Y,-f)3 

4 2Et00 
6.OE-01 

5.3E-03 
6 . 2 E - O I  
5.OE-05 

5. I E- 07 

5.0Fc02 

4.6KQ6 

l .lE,02 
I.IErOl 
15E500 
1.7E01 
1.2e-01 
1.2E-01 
1.2E-01 
1 . 2 B O I  

8 5EtOl 
5.GEt00 
8.SE-01 
7.1 E- 02 
I.6E-02 
1.GE-02 
1 .GE-02 
1 .GE-02 
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The maximum normalized soil conccntrations projcctcd by the baseline modcling for 
the 300yeilr period immediately following facility closure are included in Table 3-1 to 

permit their comparison to the projected distributions. Baseline conccntrotions of 
rodionuclid(ns with plant uptakc factors equal to L O  or greater generally lie between the 
median and 90* pcrccntilc values estimated in the uncertainty analysis for disposal unib 
with 1 o r  2 rn of cover. The baseline conccntrations of rpdionuclidcv with low uptake factors 
tend to lic between the rninimum and median values for these units. For disposal units 
with 3 rn of cover, the bascline concentrations of all radionuclidcu fdl between thc median 
and pcri:cntilc concentrations, 

The sensitivity of the projected soil concentrritions to' the model input pa rme te r s  
was ovaluatcd on the basis of Spearman rank correlation coefficients. The results of this 

analysis for A D A  C in its early successional stages arc summnrizcd in Table 3-2, which 
shows the model pnramctcrs for which thc absolute vclluev of the corrclntion coefficients 
were 0.1 or greater. While many of rhc corrclation coefficicnts t h a t  had absolute values 
smalIcr than 0 , l  were statistically significant, this cut-off ~vm used to focus attention on 
those parameters that had gentes t  effects on the projected outcomes, 

Partcrnu of pnromcccr sensitivity diffcr significantly with the thickness of the cover 

placed over the waste and the radionuclide under consideration. The projectcd soil 
concontratianu for radionuclides with mean plant uptake factors of L O  or nbovc are most 

sensitive to plnnc uptake factors, the soil removal rate of pocket gophers, and litter 

production mtcs  for grasses and forbs. Thc corrclnrion bctwccn soil concentrations and 
gopher soil removal ratcs is ncgntive, indicating that tbis parameter is important become 

of its affect on the dilution of contaminants entering the soil through litter dccay. A.3 the 

projected rate of soil rrmoval increases, the contaminants deposited on the ground surface 

by plants nrc dilutcd to  a p c n t e r  extent, The correlation coefficients between the soil 
concentrations, and the plant uptake factors and litter production rates arc positive, 
indicating that these quantities move in proportion t o  one another. 

The projected soil concentrations for radionucLides over disposal units with 1 to  2 m 
of cover arc! increasingly sensitive to nnimnl burrowing pornmeters as the mean plant 
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Radionuclidd 
Plant Uptake 

F&or - 
Isotope I, n,= IO' 

. 

Isotope 3, g = lo' 

i ~ ~ p c  4, n, = IO' 

Table 3-2. Sensitivity analysis results for NDA G fn i ts  early successional singes. 

Cover Thickness 
3 rn Cover Thickness I rn Cover Thickness 2 m Cover Thickness 

Input Correlation 
Parameter Coefficient 

Man1 uptake factar 
. s i 1  retiova1 rate of 
pxtet  gophers . 
Crass litter 
production rats 
Forb litter . 
production rate 
Mint uptake factor 
Sail renaval rate of 
pocket gophers 
Crass litter 
production rate 

Plant uptake factor 
Crass litter 
prollurtion rate 

Soil reniwal rate of 
pocket gophers 
Mant uflake ractor 

Ifameskr ant 
colony density 
Deer mouse burrow 
volume 
llan-ertrr ant 
L u m w  mass 
Soil removal rate o f  
w h e t  gophers 

8.IEOl 
-5 OE-0 1 

1.8E01 

1.3EoI 

8.3Eo1 
4 5Pl4)l 

1.7E-OI 

7.8E-01 
1.X-0 1 

6.7EOt 

2 5PA1 

1.5E-01 

1 .SEO f 

1.3E-01 

8 i C O i  

Input Corrclation 
Parameter . Coeffiilent 

€LIE-01 Plant uptake factor 
Soil removal rate of 
pocket gophers 
Grass litter 
production rate 
Forb iitler 
production rate 
Plant upt3ke factor 
Scil removal rate of 
pocket grphets 
Grass litter 
production rate 
Forb litter 
p d u c t i o n  rate 
Plant uptake factor 
Soil removal rate of 
p k r - t  gophers 
Crass litter 
FrolhCthI rate 
Forb litter 
production rate 
Soil removal rate of 
pttl gophers 
Plant uptake factcx 

Itanester ant 
colony density 
Ilan-ester ant 
b u m x  mass 
Grass litter 
production rate 
Sail removal rate of 
prkel gophers 

4 9Eo1 

1.7E-01 

1.6E-01 

8.1E-01 
-5.OEQI 

I -5 E-0 I 

1.3fA1 

7.7E-01 
-53PAi 

1.4 E O  1 

1.3FAl 

-7.1y1-01 

5.4 E-O 1 

2 3E01 

- 1.7EOI 

1.2E-01 

-7.5E 01 

tnput . Correlation 
Paramefer Coefficient 

plant uDtake factor 8.1EQI 
Scil removal rate of 
pxket gophers 
Forb litter 
production rate 
Crass litter 
production rate 
€ h i t  upbke fartcr 
Soil rernovat rate of 
pckt-t gophers 
Foib litter 
Frducticn rate 
Grass litter 
prbduction rate 
Msnt u jdake €actor 
S i 1  removal rate tr 
pocket gophers 
Forb IiLtpr 
production rate 
G a s  litter 
pduct ion  rate 
Plant uptake factor 

Soil removal rate of 
pock4 gophers 
Forb litter 
producticn rate 
Crass litter 
produrtion rate 

Plant uptake factor 

4 9E-01 

1.GE-01 

1.5fc01 

1:IEOl 

8. I E-01 
-4.7E41 

1.GE-01 

1 .-I E-0 I 

8 2 €30 I 

-4.8FAt 

I JE-01 

I .GE-O I 

8 2EOI 
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Table 3-2. Coniinued. 

Itodionuclidel 

Pactor 
P1mt Up!zkc 

Isotope G, I? = 10’ 

Jsobp 7, D*= 10‘ 

Cover lhickness 
3 m Cover Thickness I m Cover Thickness 2 m Cover Thickness 

Z n p t  
Yarnmeter 

Deer mo-e burrox 
volume 
?fsntlster art1 
colony density 
Hsn-e~ter ant 
burrow mass 
.Soil removal rate of 
pxket gophers 
[ k r  moue lurrow 
volume 
113nester ant 
colony density 
Ilsrvcster ant 
b u m w  mass 
Soil removal rate of 
pchet  gophers 
h e r  inowe bunax 
v0luw.e 
!Ian-ester ant 
colony density 
€Isnester ant 
burrow mass 
Si1 removal rate of 
pocket gophrrs 
Deer m o m e  burrox 
volume 
ifsn-ester ant 
mlony density 
Hsrvester ant 
b u m w  m z s  

rorreidinn 
Coefficicnr 
1.8E-01 

I SE-01 

1.GE-01 

6 2E-01 

l . S E 0 1  

1.6E-01 

I .GE-0 1 

8.2E-01 

1 SE-01 

1 .SE-Ol 

1.GE-01 

S.2E-0  1 

18E-01 

1 .SE-O 1 

1.6E-01 

lnpul Comrlslinn 
l’arameler Coefficient 

€ranester ant 
colony density 
Ilawester ant 
burma mass 
Plant uptake factor 

Soil removal rate of 
pocket gophers 
Ilanester ant 
colony density 
H~wester ant 
burrow m x s  

Soil removal rate o f  
pocket gophers 
11sn’ester ant 
colony density 
Hanester ant 
burrox- m u s  

Soil removal rate cf 
pocket gophers 
lIan-ester ant 
colony density 
Harvester ant 
bumox- m s s  

45E01 

3 SE-0) 

I.GE-01 

-7.2);-01 

-1 9E-01 

3 9E-01 

-7.1 E4 1 

50E-01 

3 9E-01 

-7.2E-01 

5 OE-01 

I OE-01 

p k e  t gophc rs 
Forb Iittcr 
production rate 
Crass litter 
production rate 
I’tant uptake factor 

Soil removal rate o f  
pockct gaphers 
Forb litter 
pduc l ionrs te  
Crass litter 
production rate 
1’1~nl uplake factor 

Soil removal rate of 
pcket  gophers 
Crass litter 
prdurtion r3te 
Forb litter 
F r d U t l i O n  rate 
I’13riC uptake factor 

Soil removal rate of 
p k e l  guphers 
Forb litter 
production rate 
Crass litter 
production rate 

I .7).:-0l 

I .1 E-0 I 

62E01 

- # BE-0 I 

1.GE-Ol 

1.3EU1 

& l K - 0 1  

- -a  3):-01 

1.5E-01 

1.5E-01 

8. I E4 I 

4.7  E O  I 

1.GE-01 

I .3E 01 



uptdco factor decreases from 0.1 to 10'. Concentrations arc positively corrcluted with 

pockat gopher soil rcmoval rates. hwcstcr ant colony density and burrow muss, and deer 
mouse burrow volume far units with 1 m of cover. tVhilo harvester ant colony dcnsityond 
burrow mass nrc positivdy corrclated with concontr~tion~ over units with 2 m of cover, the 
soil rcmoval rate of pocket gophers iu negatively conelntcd becnuac them animals do not 
panotrate into the wnsto. For the disposal units with 3 m of cover, projected soil 
concentrations nro sunsitivo to plant uptkc factors and litter production ~ C S ,  pocket 

gophcr uctivity has the effect of diluting the contaminntion deposited on thc ground by 
litter dccay. 

Table 3-3 presents the summary statifltics for the uncertainty analysis EU applied t o  

MDA G in its climax condition. The bovelinc data and the uncertainty analyuis stntistics 

arc bascd on thc maximum soil conccntrations projectcd to occur wirhin thc 1,00O-,v&r 

camplimca period. The bosolino concontratiom of radianuclidcs with plant uptake factors 
of 1.0 or morc fall banveen thc mcdian and 90"' percantila values calculated for the disposal 
units with 1 or  2 rn of covcr. Projcctcd basolino conccntrations of radionuclides with lower 

p l a t  uptukc factors tand to bo lcvs than tho median values- for these units. The baseline 
coaccntrations of all contaminants disposed in units wig 3 m of cover are essentially equd 
to.thc median values estimated by thc unccrtaiinty analysis. 

The rcsults of the sensitivity analysis for the climax condibon of ,WA G arc 
prcscnrcd in Table 3-4. Projcctod conconmations of radionuclides with mean plant uptake 

factors grcntcr than. 0.1 arc positivcly and strongly corrclatcd with the plant uptake factor, 
tree biomass, and tree littcr production rntc for disposal units with 1 t o  2 m of cover, Tree 
biomass and litter production rate arc important bomusc they play a role in 'determining 

how much contaminated littcr is produced mually, Parnmctcrs specifying the amount of 
&d intrusion become more important for hisposnl units with 1 to 2 m of cover as the 

mean plant uptake factor decreases. For units with 1 m of cover, the densities of harvester 
ants nnd chipmunlcq and the muses ond volumes of these species' burrows arc positively 
corrclated to  the projected soil concentrations. Chipmunk activity is negatively correlated 
with soilxonccntrations over unity with 2 m of cover because they do not ponctratc into the 
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TahIe 3-3. Summary statistics of the normalized soil concentrations projected by the uncertninty analysis for hII)A c; 
in i ts  climax condition. 

Cover ThicknesslYJant 
Uptake Factor 

1 rn Cover Thickness 
Plant uptake factor = IO' 
Plant uptake factor = IO' 
IYant uptake factor = IO' 
Plant uptake factor = 10' 
E'lant uptake factor = 10' 
1 ' h t  uptake factor = IO' 
Plant uptake factor = 10' 
Plant uptake factor = IO'  

2 m Cover Thickness 
Plant uptake factor = 10' 
Plant uptake factor = IO' 
~'Iant uptake factor = IO' 
~'Iant uptake factor = IO' 
Ptsnt uptake factor = IO' 
Plan1 uptake factor = IO' 
Hant uptake factor = IO' 
I'lant uptake factor = IO' 

3 rn Cover Thickness 
Plant uptake factor = IO' 
I'lant uptake factor = 10' 
plant uptake factor = 10' 
Plant uptake factor = 10' 
Plant uplake factor = 10' 
Plant uptake factor = 10' 
Plant uptake factor = 10' 
Want uptake factor = 10' 

Normalized Soil Concentrations I_ 

Raseline Minimum Median 90" Percentile OS" Percentile Marinium 

4SEtOl 
4.GEtM) 
4.9E-01 
7.4E02 
3 .Z E-02 
2.8E-02 
2.8E:-02 
2 8E-02 

2.7E t 01 
2.8E+00 
2 SE-01 
2 8E-02 
3.1 E-03 
GOE-04 
3.6E-01 
3.3 E-0 I 

2.3Et01 
2 3Et00 
2.3E-01 
2.3E-02 
2.3B-03 
2.3E-01 
2.3 E-05 
2.3E-06 

9.2E-01 
1.6E-0i 
5.3E-02 
2.5 E-02 
1.7 E02 
I .-I E42 
1.JE-02 
1.4E-02 

5.4E-01 
5.9E- 02 
1.2E-02 
2.2 E- 03 
6.OE-04 
~ . ~ E - o J  
2.6E-0 4 
2.4E-04 

5.7E-01 
3.8 E- 02 
5.OE-03 
6.1E-01 
5 9E-05 
3 2E-06 
4.9E-07 
3. OE- 08 

3.1Ei01 
3.6E+00 
4.4E-01 
1.2E-01 
8.OFB-02 
7.JE-02 
7.4 E- 02 
7.4E-02 

2.3E t 0 1 
2.481.00 
2.5E-01 
2 9E-0-2 
8.6E-03 
5.5E03 
6.1 E-03 
5. IE-03 

2.2EtQ1 
2.3Et00 
2.3E-0 1 
2.2E-02 
2.3E-03 
2.3E-01 
2 3E-05 
2.JE-06 

1.3Ei 02 
I .IEt 0 I 
1.GE+00 
2.2E-01 
I.1E-01 
1.IE-01 
1.1 E-0 1 
1.1E-01 

8.7 Et  01 
1 .OE *o 1 
1.OE t 00 
LIE-01 
1.6E-02 
1 .OE-02 
9.8E03 
9.8E-03 

8.OEtOI 
9.3E +OO 
I.OEtOO 
9.8E-02 
9.7B-03 
1 .OS03 
9.7E-05 
9.7 E- 06 

I .DEtOZ 
2.IEtOI 
2.JE s 00 
3.1E-01 
1.2E-01 
1.1 E-0 1 
1.2E-0 I 
1.2E-0 I 

1.3E+02 
1 .,I Et 0 I 
1.5Ei00 
1.7E-01 
2 .o E-02 
1.2E-02 
1.1 E-02 
I.  1 E-02 

1.2E,02 
1 -4E t 0 1 
1.5Rt00 
1.5E-01 
1.5E-02 
1.5E-03 
1 AE-04 
I.5&-05 

1 .JE: & 03 
I. 1 z.: t 02 
2.4E f 01 
2 . m  00 
2 6E-01 
1.5I.:-01 
I.5E-01 
1.5E-01 

8.OE t 02 
9.IEi01 
1 .GE 101 
1.5Et00 
1.1 E;-o 1 
2-JE-02 
1.9E-02 
1.9E-02 

1 -4 E +03 
6.3E t 01 

1 . m  00 
1.2EtQI 

1.IE-01 
1 .a e-02 
S.0E-01 
1.68-01 



Radionuclide/ 
I Plant Uptake 

Factor 
Isotope 1, F5, = 10' 

Isolope 2, €3, = IOt 

1% tope 3, R, = LO' 

Table 3-4. Senrilivily . .  analysis results for &lnA G in i t s  climax condition. 

Covet 'Thickness 
3 m Caverxhickness 1 m C w e r  Thickness 

Inpul 
Parameter 

Plant uptake 
f3cfor 
Tree tiomsss 
Plant uptake 
i 3 ~ t 0 r  . 
Tree biomass 

P l a t  uptake 
factor 
Plant uptake 
factbr 
Chipmunk 
burro.# volume 
Tree biomass 

Chipmunk 
density 

. Tree litter 

Correlalion 
Ckfficient 
9.7E-01 

1.lE-01 

9.9l?-01 

8.W-0 1 

5.OE-01 

-i.se-o1 
. .  

1.8FAI 

2 m Cover Thickness I 

* .  . .  

Input - 
Parameter 

Plant uptake 
factor 
"rea biomass 
Plant uptake I 

fastor 
Tree tiomass 
Tree litter 
production rate 
Plant uptake 
factor 
Plant uptake 
factor 
Chipmunk 
burrow volume 

Correlation 
Coefficient 
9.7E-01 

LIE-01 
9.7 E O  1 

1.1 E-0 1 
1.OFcQI 

9.8E01 

9.7E01 

-1.2EQl 

. Input 
Para ni et e r 

Plant uptake 
fatlor . , 
Tree lfomass 
Plant uptake 
factor 
Tree biomass 
Tree litter 
productiim rate 
Plant uptake 
iactor 
Piant uptake 
factor 
Tree Limnass 

Chipmunk 
burrow volume 

Correlation 
Coefficient . .  
.9.7E-01 

1 - 1 E-01 
9.7E-01 

1.2e-01 
1.OE-01 

9.7EOl 

9.7E-01 

1.1 E-0 I 

-i-QE-Ol 

-1 .€I?!-Ol 
production rate 

Isotope 5, R, = l o t  Tree biomass -5.OPxOl 

Chipmunk 4.1 EO1 
burrow volume 

densily 
Chipmunk 1.OE-01 

Plant uptake G.9EOi 
factor 
Ifamester ant 3.9E-01 
colony density . -  
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Plant uptake 
factor 
Tree biomsss 
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. .  
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Table 3-4. Confinued. 

Cover Thickness 

c- --. 
c- . 
\ 

1 rn Cover Thickness 
Radionuclide1 
Pl a n t Up take Input Correlation 

Facior Parameter Coefficient 
Tree litter -3.6E-01 
production rate 

colony density 
Plant uptake 2.m-01 
factor 

burrow mass 

Hamester ant 2.6E-01 

Hanester ant I BE- 0 1 

Isotope 6, €3, = 10' Tree biomass -5.3E-01 

Chipmunk 4.JE-01 
burrow volume 
Chipmunk . - 4.2E-01 
density 

production rate 
Harvester ant 2.8E- 01 
colony density 
Harvester ant 2.oI.:-01 
burrow mass 

Tree litter -3.8E-01 

Isotope 7, B, = IO' Tree biomass -5.3E-01 

Chipmunk 4 -4 E-0 1 
burrow volume 
Chipmunk 4 l E - 0 1  
density 

2 m Cover Thickness 

lnput Correlation 
Parameter Coefficient 

ilarvester ant 3. I E-0 1 

- 1 -8 E-0 1 

Chipmunk - 1.5E-0 1 

burrow mass 
Chipmunk 
burrow volume 

densify 
Tree biomass - 1.4 E@ 

Tree litter - 1.3%;-01 
production rate 

colony density 

burrow mass 

Harvester ant 6.6E-01 

Harvester ant 5.OE-01 

Tree biomass -2.9E-01 

Tree litter -2.OE- 0 1 
production rate 

density 

factor 

burrow voIurne 

colony density 

lurrow mass 

Chipmunk -I.6E-01 

Planl uptake 1.6E-0 1 

Chipmunk -1.5E-01 

Harvester ant 6.7E-01 

Harvester ml 5.2E-01 

Tree biomass -3.OE-01 

3 rn Cover Thickness 

Correlation 
Parameter Coefficient 

Input 

Planl uptake 9.7E-01 
factor 

density 
Chipmunk -1.1E-01 

Plant uptake 9.7 E-0 1 
factor 
Tree biomass 

Tree litter 1.OE01 
production rate 

1.3E-01 



. Table 3-4: Continued. 

Radionudidel 
. Plant Uptake 

Factor 

Cover Thickness 
2 m Cover Thickness I m Cover Thickness . 

input 
Parameter 

Tree litter 
production rate 
Harvesfer ant 
c o h y  densiiy 
Ilaryectrr ant 
burrow mais 
Tree biomass 

Chipmunk 
bunow volume 
Chipmunk 
dens i ly  
Tree litter 
producticjn rate 
Ifarvester ant 
colony density 
Uan-ester ant 
bunow mass 

Correlaiioo 
Coefficient 

. -3.8E-01 

2.8E-01 . 

2-oeo1 

-5.3EOI 

4.4 E-0 1 

4.1 E-0 I 

-3.8E-01 

Z 8E-01 

2oE-01 - 

. . . . .  Input . .  
Fatamef er 

Tree l i t t e i  , 
productioh' rate 
Chipmunk 
density - . 

.Chipnitink 
bra% volu-rne 
Ilarvester ant 
colony density 
If amester ant . 

burrowmass - 
Tree biomass 

Tree litter 
production rate 
Chipmunk 
density 
Chipmunk 
hurrow volume 
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CorreIatidn . . 
Cciefficien t 

. .  - 

. .  -2.2E01.. .. 

- -1.5EOl 

-I -4150 i 

6,7E-01 

5.2E-01 

-3.OE-01 

-2.2EOi 

-1.5E-01 

- 1 -4 E O 1  

3 m Cover Thickness 

- Input . Correlation 
Parameter Coefticien t 

Plant uptake 
factor 

9.7501 
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waste. Trtse biomass and litter production rates me negntively corrclntcd with soil 

concentraticns of rd,ionuclides with small plant uptake factors for units with 1 o r  2 rn of 
cover. T h i ~  is because the relatively uncontaminated litter dilutcs the contamination 

brought to the surf'ace by chipmunks nndor  ants. Soil concentrations over the disposal 
units with 3 m of covcr arc most scnvitivc to plant uptake factor, t ree biomass, and wee 

litter production raw. 

3.3 QISCUsST.ON 

The primary rcnsan for updating thc MDA G biotic inmaion modeling was to 

evaluate the potential impacts of plants and animals on the ability of the facility to safely 
contain thc 'waste if there was no long-term maintonnnce of the site. The results of the 
analysis indicate that the projccted impacts under thew conditions are similar to those 

projected for the 1997 MDA G perfomancc assessment and composite analysis, This is 
illustrated by the compositc analysis doses projected for the atmospheric exposure scenario 
using tbc updated biotic intrusion modeling, Assuming the site reaches or nears ita climax- 

condition within 300 years of facility closure, these doses ne cxpectcd' to be less than 1.4 
times those projectcd'for the 1997 annlysis, Doses projected for the site aftcr it has reached 
the pinyon-juniper climax ate actually l o ~ v e r  than those projccted for the unrlicr analysis. 

The projected impact of parameter uncertaintics on the otmosphcric c.uposurc 

scenario doses also appears to  be similar between the updated results and the 1997 

composite aiinlysis. The uncertainty analysis performed for  thc 1997 analysis estimated 

that the projectad peak dove of 5.8 rnrcdyr could, under worst-case conditions, increase to 

os much as 17 m r e d y r  based only on tho uncertainties associated with the extent of biotic 

inmuion into the sitc. As discussed earlier, plutonium and mcric ium werc the main 

contributors t o  the doses projectcd using the updated biotic intrusion modeling, These 

elerncats have mean pkut uptake factors of 4,5x10J and 5.5x104, respectively, The 
majority of'the plutonium and americium-contminnced tvaste was disposed in pita with as 

little as 1 m of cover. Under these conditions, and given that atmospheric scenario doses 
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are directly proportional to the normdi:cd soil conccnmtians, the uncertainty anal,y& 

results in Table 3-1 indicate that tho mrz?dmum doses will be about 23 h c s  gcater  than 

tho  o.xposures shown in Figure 3-9. The product of this factor and the penk dose projected 
for thu site during oorly'succession, &4. mredyr,  is 18 mrcm/.yr, practically i d a n t i d  to the 

worst-case dose of 17 rnredw cstimntcd for the MDA G composite analysis. 

The comparison providid ,above 'is based only on tho projected levels of biotic 

inmuion into the disposed 'tvmte, 'As discwsed ih thc Introduction, thencti4tics planned 
to'rafinc the' models nnd data usod for projecting doses for tho utmosphcric'exposure 
scenario cxtcnd beyond the biotic intrusion modcling. Th& include the e.mnindtion of the 
mod& used to estimate rcsuspension r?tes for surface contanhation and to simulate 

atmospheric trraauport from MDA G to. off-eite rcceptor locatio&.. While differences. 
bctwccn the ,199'; and updated biotic intrusion modeling do not appear EO be great, :the 

rcsulta from thcsc othcr analyses will be nccded in .order to understand the'overdI impacts 
of biotic intrusion on MDA G. Onco theso impacts arc understood, the need for corrective. 
actions to Iowur potentially unacccptablc exposures may be addressed. 

. 

. '  

, , . 

. .  

. .  

Thc , tcsults , of ,thQ updntcd biotiq intrusion modeling q d '  ' the probabilistic 
Uncerthty &=lysis provide ddditional' insight into how plant and a n h d  &trusion into 
wmtc disposcd:nt MDA G may impact: thc:site. The condusionsdrawn from these and3cseu,. 

!~o~vcver,  &:specific to..thc data' uscd to represent the various model input pbamete& 
While information'spccific to MDA G or the~Lqboratory was wed to developthc baseline 

I v&& and parameter discributionswhen it t v u  avaihble,, nbn-site-specific data were' used' 

to cstirnate'thc valucv forsevhrd model parmeters, In s o i d  cm'es C C , ~ . ,  trcc biomnus.md 
'litter gcnerhtionu- rates 'in shrubs and trccs), the' d a b  available in tbcse dternntc sources. , 

' wcrd cxacmely,.limitcd, I .  - , Where I .  possible, then,: Laboratory-specific data. generated in the 

, future' 9hOU1d" be used' to evaluntc the parameter values and distributions used' in chis 
anhlysis; updntingthom tw npprdprhtc. 

. .  . .  

. .  , .  
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, .  

. 
. .  .a ' . .  - . . .  . .  , 

, . /  I . .  . .  , I  

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

I .  ., 

. . .  : . < ,  . .: . .  . .  

. .  . .  
I ,  . .  

. .  ' .  
LVhilc all' improvcrnents in the quality of any of the' data used t o  model biotic 

, intrusion. at MDA G arc welcornc, p h c u l n r  attention should be paid to.'puruneters to 
which the projectcd'doscs me most sensitive. On the bmis'of,thk updated doses presented" 

, .  

* .  
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. I  

. .  . ,  I . .  

. .  
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in Section 3,1, parameters related t o  thc Ievel of animal intrusion into the site arc cxpcctcd 
to be most significant. Plutonium and amcrkium placed in pits with as Iittlc ns 1 m of 
cover contribute the majority of thc projected pcnk dose for the site during cnrly succcssion 
and after i t  has reached n c l i n m  condition. The mean plant uptnkc factors for these 

elements are 4,5x10‘ and 55xlO”, respectively, Under thcse conditions, soil concentrations 
projected fo: thc site during cnrly succession arc most scnsitivc t o  thc soil rcmovd mtc of 
pocket gophers, deer mouse and harvcstcr ant activity arc also important (Tnblc 3-21, Soil . 

conccnaotions in the climax woodland arc nlvo scnsitivc EO animal activity, ulthough plant 

parameters play an important role in that community as well (Tnblc 3-44), 



. .  
. .  

Bacs, C.F., ct al., 1954, "A Review and Analysis of Parameters for Assessing Transport of 
Entironrncntdly Released Radionuclides Thrau~h Afiriculturc," Oak Itid&- National 
Laboratory, ORNL-5756, Septombcr 1984. 

Bcnnctt, K., o t  01,. 1997, "Rsrdionuc2idc"Contamincmt Annlysis of Small Mruamals at &ea 
G, TA-54, Los A m o s  National Luboratory, 1995," Lou Nomos National hbornto ty  rcport 
Lb13242-MS, Januury 1997. 

Bennett, KD., ct al., 1998, "Radionudido Contaninant Analysis of Small Maxnmalu ot Area 
G, Technical &ca 54, 1997 (with cumubtive summary 1994-1997)," Loa Alurriov National 
Laborntory report M43527-MS, Dcccmber 1998, 

Big@, J,, e t  al,, 1995, "Radionuclidc Contaminant Andpis of Small Mnmmals nt Area G, 
TA44,1994,* Los Alamos National Laboratory rcport U-23015-MS, September 1995, 

Biggs, J.R, c t  al,, 1997b, "RadionueIido Contamhunt Analysis of Small Mammolv at h a  
G, Technical Arcn 54, 1996 (with c u r n ~ l ~ t i v ~  8Ummury for '1994-19961," LOS A h n o s  
National LPborntory rcport LA-13345-MS, July 1997. 

Blom, P.E., e t  al,, 1991, "Colony Dcnsitics of thc Seed €€westing Ant Pogonomyr&ex 
sdinut in Seven Plant Communitics on tho Idaho Nutional Engineering Laboratoxy," 
Journal of the Idaho Academy of Scicncc, 87;(1):2S-36. 

Bricsc, D,T,, 1982, "Tho Effect of Ana on the Soil of n Semi-nrid Saltbunh Habitat," 
Invcctes Sociatax 29:376386, 

Burt, WX, and Rip. Grosscnhcider, 1980, "Mmols,"' Peterson Ficld Guides, Houghton 
Mifflin Ca., Boston. 

Cmlson, S,R, and IKG, Whitford, 1991, "Ant Mound Influcncc on Vogctation and SoiI in a 
Semiarid Mountain Ecosystcm,"hcrican Midland Naturalist, 126( 1):125-139, 

Davis, WX., and P.J, &liU~, 1992, "Burrow Systems of the Prdrie Vole, Microtus 
ochmgoster, in Central Eientucky," Journal of Munmulogy, 73(3):582-585. 

DOE, 1979, "Final Environmcntd Impact Statement. Lou Amos National Laboratory Site, 
Las A m o s .  New Mexico," V.S. Department of Energy, DOF./EIS-O018, Daccmber 19i9,  

DOE, 1988, *Radionctivc Waste Manngemcnt," US, Dcpnrtmcnt of Energy Order 5S20,%, 
Septcmbcr 26,19238, 



DOE, 1996. "Guidance for 3 Compositc Annlysis of tho Impact of Entc?mcting Source Terms 
on thc Rndiolo@cal Protection of the Public from DOE LLLW Disposal Fncilitics," US. 
Department of Enern,  .4prjl 1996, 

Dtvyyer, D3., and R.D. Piepcr, 1967, "Fire Effects on Bluc Grama-Pinyon-Juniper 
Rangeland in Xcw Mcxico," Journal of Range Managcrncnt, 20:369-362. 

FOXY, TS., et a]., 1984, "Rooting Depths of PIants on Low&wl Waste Disposal Sites," LOS 
Aamos Xational La borotory rcpon LA-10253-MS, Novembcr 1984, 

Fam, T.S.,  1999, "Personal communicaejon between TS Fo.m, Los Alamov Xationnl 
Laboratory, and R. Shumnn, Rogers and PLYuodntcs Endneering Corporation, January 19, 
1999, 

Gam, K , k ,  and J,B, Statcu, 1982, "Habitat Requirements and Burrowing Depths of 
Rodcncs in Rclntion to  Shallow W D S ~ C  Burial Sites," Pacific N~rthwcst: Laboratory report 
PNL-4140, ? b y ,  1982. 

Gonzales, G.J., et el., 1995, "Effects of Pocket Gopher Bumowing on Cesium-133 
Distribution on Endnccrcd Test Plots," Journal of Environrncntd Quality, 241056-1062. 

Nakowon, T,E., et nl., 1981, "Disturbance of n Low-Level W w t c  Burial Site Covcr by 
Pocket Gophcrs," Hen1 th Physics, 4216): pp. 871-873, 

Rnuflcr, J.B., and J.G. Nagy, 1984. 'Summer Food Habits of n Small Mammal Community 
in the Pinyon-Juniper Ecosystem," Grcnt Basin Naturalist, 44[1):145-150. 

Keeler, KH.. 1993, "Fifteen Years of Calony Dynamics in Pogonomyrmcx Occidcntafis, The 
Western Hai~cster Ant, in  Western Nebmskn," 'The Southwcstcrn Naturalist, 39(3):236- 
289. 

LAM,, 1997, "Pcrformtlncc Asucssmcnt: and Compositc h a l y s i s  for Los N m o u  National 
Laborntory Nntcrinl Disposal Area C," bs Alnmos NationaI Laboratory report; U-uR.97- 
85, March 1997. 

LA,?,%, 1998, "Overview ofLon Alnmos National Laboratory - 1997," Los Aamos Xationnl 
Laboratory report LA-UR-97-4765, March 1998. , 

McKcnzic, D W. ct al., 1982, "Relevance of Biotic Pathways to the LonpTcrm Rcwlation of 
Nuclear Wnstc Disposal," prepared by Pacific Northwest Laboratory for thc US. Nuelcar 
Regulatory Commission, LNLJREG/CR=~GX, Volume 2, October 1982. 

Mecuwig, RO,, 1973, "Growth Chnrnctcrjstics of PinyonJuniper Stands in the Western 
Grcnt Basin," US, Dcpnrtmcnt of Agriculture Forest Sanicc Rcscarch Paper KNT-238,22p, 

Millm, CS., 1974, "Decomposition of Conifcrous Leaf Litter," in Biology of Plant Lietcr 
Decomposition, Volume 1, C.H. Dickinson and G.J.F. Pugh, cds,, Academic Press, Xew 
York. 1974, 

R-2 



. 
. .  

O'Rourkc, JT., and 'P.R. Ogdcn, 1969, "Veg:etative, Response Following Pinyonlruniper 
Control in Arizona,w Journal of Range Managemcnf, 22(6):416418, 

Padjen, D.J., and K Lajtha. 1992, "Plant Spatial Pattern and Nutrient Distribution in 
PinyonJunipcr Woodlands Along an Elevational Gradicnt in Northern Xcw Mexico," 
Intcrnntional Journal of Plant Science, 163(3):426433. 

Pieper, RD., 1968, "Comparison of Vegetation on Grazed and Un~r;lzed PinyonJuniper 
Grassland Sites in Southccntrd Ncw Mexko," Journal of Range Management, 21(1):51-63. 

Porter, SD,, and C.D, Jorgenucn, 198S, "hngovity of Harvester Ant Colanics in Southern 
Idaho,"Journnl of Range rVanngcment, 41(2):104-107. 

Roynolds, T.D., and 3.W. Lamdrc, 1988, "Vcrtid Distribution of Soil Rcmovcd by Four 
Species of Burrowing Rodents in Disturbed and Undiscurbcd Soils," Health Ph-pia, 
54(4):445-450. 

Ricklofs, RE., 1979, "Ecology," second edition, Chiron Press, New York 

Rogers, LE.* and RJ. Ltavign;, 1974, "Environmcntal Effects of Western Bweutcr Ants on 
chc Shortgrass Plains Ecosystcm,H Environmental' Entomology, 3(6):994-997. 

Soulc, P,T., and P.A. Knapp, 1996, "The Influencc of Vegetution Rcrnovd by Western 
Hmwtor  Ana (Pogonomyrmcx owyhcei) in n Relict Area of Sagebrush-steppe in C e a ~ d  
Oregon," h o r i c m  Midland Naturalist,. 136(2):336-346. 

Sheppard, MI., o t  nl,, 1991, "Mobility rind Plant Uptnkc of Inorgmic ''C nnd "C-LabeUed 
PCB in Soils of High and Low Retention," Health Ph.ysics, 61(4):4&392, 

Ticrncy, G.D., and TS, Foxx, 1987, "Root Lcnahs-of Plants on Lou Aamos Nntiond 
Laboratory Lands," L w  iUamos National Laboratory report LA-lOPGS=MS, J m u q  1987. 

Whittdccr, R.H., 2975 "Communitics nnd Ecosystems," MaJMillan Publishing Co,, New 
York. 

TViUinms, LA, and GN. Cameron, 1990, "D,vnumics of B u m w s  af Attwuter's Pocket 
Gopher (Gcomys. attwarmi)," Journal of Mammdogy, 71(3):4334S. 

IVilIims, S.T., and T.R.G., Gray, 1974, "Decomposition of Litter on t h ~  Soil Surface," in 
Biology of Plant Litter Decomposition, Volume 2, C.M. Dickinson nnd C.J.F. Pugh, e&., 
Academic Press, Ncw York, 1974, 

Zarn, hl., 1977, "EcoIogicaI Chirractcristics of PiayonJuniper Woodlands on the Colorado 
Plateau, A Liternturc Sunley," US, Dapurtmcnt of tho Interior - Bureau of Land 
Management, Tcchnica'l Note, Dcccmber 1977. 

R-3 


	ERID-066804.pdf
	Composite rooting depth dhtrjbution for forbs
	Composite rooting depth distribution for shrubs
	Cornpositc rooting depth distribution for mces
	intercept (ndnptcd from Arnold et nl
	Burrowing depth distribution for mice
	Burrowing depth distribution for pockct gophers '
	1 m of COVCY - climax condition
	2 m of cover - climm condition
	3 m of cover - climax condition
	1997 model conccntrations






