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1. INTRODUCTION

The Los A)a}now Na m’onai Laboratory (LANL) geﬂerates rndionctn‘ve waste as a resujt
of various act.mnes._ Operamonal waste ‘is generated by nuclear weapons research and
development energy productxon. and medical research, while environmental restoration
(ER) and decontamination and dccommxsmomng (D&D) waste is generated as contaxmnnted
sites and facilities at LANL undergo cleapup or remediation. Much of this waste is low-
level radionctive wziété (LLW) and is dispesed of at the Technical Area 54 (TA-54) Mdtén’al‘

Disposal Area G (MDA G) disposal facility.

U.S. Department of Energy (DOE) Order 5820.2A (DOE, 1988) requires that °
radioactive wasto be managed, treated, and dispesed of in a manner that protects public
health and safety, and the environment. To comply with this order, DOE: ﬁeld‘ 8ites must

prepare und maintain sxtc-qpemﬁc radiological performance assessments for all active LLW

disposal facilities. Each DOE site muat also prepare and maintain a compomte annlvam
which accounts for the cumul;mve impact of active and planned LLW disposal f:;c:ht:es and

other sources of radioactive contamination that could interact with these facilities (DOE;

1996).

LANL completed the latest drafts of the' MDA G performance assessment and
composite analysis in March of 1997 (LANL, 1997). These analyses estimated rates of |
radionuclide relense from the waste disposed of at the facility, simulated the movement of
radxonuchdes through the envxronmem:. and projected pot‘.ontml radiation doses to humnns .
for severnl on- nnd off-sztc exposure scenarios. The nssessments were based on sxte and |

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

The accuracy of the performance assessment and composite analysis depends upon
the validity of the data and assumpnons made in conducamg the modeling analyses. DOE-
field sites are required to unplcment a performance assessment maintenance program. The )
' purpose of this program is to ensure the continued apphcabxhtv of the analysxs through

11




incremental improvement of the level of understanding of the disposal site and facility.
Site personnel are required to conduct field and experimental work to reduce the

uncertainty in the data and models used in the assessment. While the maintenance

program is designed to specifically address the performance assessment, the same modeling
methodology was used to conduct the composite analysis for MDA G. Consequently, insight

gained from activities conducted under the LANL performance assessment maintenance

progmrln will also generally apply to the composite analysis,

The projected off-site exposures for the. performance assessment and composite
analysis were greatest for the atmospheric pathway. The peak dose for the composite
analysis was projected to occur as a result of plants and animals intruding into the disposed
waste and moving contamination to the ground surface. This contamination was suspended
and transported to downwind locations with the prevailing winds, exposing hypothetical
receptors to contamination at those sites, A peak dose of approximately 6 mrem/yr was
estimated for the composite analysis at the receptor location in Canada del Buey, A worst-
case estimate of the potential dose, taking into account medeling and data uncertainties,

exceeded the 30 and 100 mrem/yr performance objectives for this pathway.

The magnitude of the uncertainty associated with the composite analysis
atmospheric pathway doses is unacceptable. Consequently, efforts were initiated under the
performance assessment maintenance program to refine the modeling conducted for this
pathway, where deemed appropriate, and to reevaluate the sources of uncertainty
associated with the pathway. This analysis will address the models and data usea to
estimate radionuclide releases due to plant and animal intrusion, to estimate resuspension
rates for surface contamination, and to simulate atmospheric transport of airberne

contaminants from MDA G to human receptor locations in Canada del Buey and White

Rock.

This report documents the reevaluation of the biotic intrusion medeling performed

to estimate the transport of contaminants to the ground surface. The approach adopted to

conduct this analysis is discussed in Section 2, The results of the analysis are presented in
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Section 3, and discussed relative to the results presented in the March 1997 draft of the

performance assessment and composite analysis (LANL, 1997).



2. METHODOLOGY

The extent to which radionuclides are transported to the surtace of MDA G as a
result of biotic intrusion is proportional to the degree to which the roots of plants and
‘burrows of animals penetrate into the disposed waste, Estimates of the extent of intrusion
following closure of the disposal site were prepared for the MDA G performance assessment
and composite analysis. However, assumptions about the long-term maintenance of the
disposal site played a critical role in the manner in which this modeling was conducted,
The assumption was made that measures would be taken during the 100-year active
institutional control period to effectively prevent intrusion into the waste. Furthermore,
only moderate disturbance of the site was assumed to occur between the end of active

institutional control and the end of the 1,000-year ¢compliance period because of actions

taken under the site's long-term maintenance plan.

Consistent with the assumption of long-term preventative maintenance, the plant
root distributions used to model contaminant transport to the ground surface were selected
to represent species with moderate rooting characteristics (LANL, 1997), A maximum
rooting depth of 2 m was used to model disruption of the waste under baseline, or expected,
conditions following the end of active institutional control. While the majority of plant root
biomass is, in fact, expected to occur within 2 m of the ground surface (Tierney and Foxx,
1987), the use of this maximum rooting depth does not explicitly account for roots that
extend to greater depths. The potential for disruption of the waste by burrowing animals
was evaluated for the performance assessment and composite analysis using a single
representative species patterned after the deer mouse. Although this species is the most
common burrowing species observed at MDA, G, trapping studies and visual observations

have indicated the presence of other species that may pose a greater risk to the integrity of

the disposed waste.

All in all, the approach used to estimate the impacts of biotic intrusion for the MDA

G performance assessment and composite analysis relied on long-term site maintenance to
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confine disturbance of the waste to moderate levels, This approach is valid if it can be
nssured that the maintenance program will be effective in ridding the site of deep rooting
plants and minimizing disturbance of the site by burrowing species. However, if the
maintenance program is ineffoctive or is not Implemented properly, the results of the biotic
intrusion modeling conducted for the MDA G performance assessment and composite

analysis may be invalidated. Recognizing this, a more comprehensive evaluation of the

impacts of biotic intrusion was undertaken,

The approach adopted for the updated biotic intrusion modeling is described in three
sections. Section 2.1 provides a general overview of the approach, hnd some of the
background information required to understand the models and data used to implement
them. The models used to project rates of biotic intrusion into the disposed waste 'are

deseribed in Section 2.2. The data used to implement the models are presented and

discussed in Section 2.3,

2.1 GENERAL APPROACH

The updated biotic intrusion modeling analysis is based on the assumption t:imt no
steps are taken to prevent the establishment of plant and animal species at the closed
d‘isposal facility. Under these conditions, the degree to which the disposed waste is
disrupted will be determined by the natural rooting characteristics of the plant species that
inhabit the site and the burrowing habits of the resident animals. Plant species inhaBiﬁng*
the site shortly after facility closure will consist of annual and perennial grasses and forbs .
that are used to seed the site or that invade from surrounding areas. Over nme however,
the site will dndergo' écological succession, giving rise to drah:atically different plant
communities, The species and numbers of animals living in the area will shift in response-

to changes in the plant cormmmunity.




The effects of ecological successior on the potential for biotic intrusion were taken
into account in the updated biotic intrusion modeling. This was done using two separate
simulations, The first simulation considered the potential for biotic intrusion shortly after
the disposal facility is closed. Closure activities, including the application of final covers,
contouring of the site, and the establishment of vegetation, were assumed to leave the site
in a disturbed condition. Initially, dominant species of vegetation will include annual and
perennial ,c:msseé and forbs, Shrubs and halfsshrubs will invade the area within a foew
years time. The second simulation modeled biotic intrusion after the site has undergone
ecalogical succession and has achieved, or is close to, a climax condition, Trees will be the

dominant feature of the plant community, although grasses, forbs, and shrubs will continue

to play a role in ecasystem functioning.

The use of two separate simulations to estimate the effects ecological succession has
upon biotic intrusion potential is artificial insofar as there will be a gradual transition from
the site in its early successional stages to the climax condition. Modeling this transition
would be difficult at best, and subject to a high degree of uncertainty. Given this, the use of

two diserete simulations was considered to be a reasonable approach to understanding the

effects that site dynamics may have upon bietic intrusion.

Baseline simulations of biotic intrusion were conducted for early successional stages
and climax conditions using best estimates for each of the model input parameters, Sources
of uncertainty associated with the models and data used to conduct these simulations,
however, will introduce errors into the projected impacts of biotic intrusion, The nature
and magnitude of these errors need to be understood in order to conclude, with a reasonable
level of confidence, that MDA G is capable of safely isolating the waste {rom the

environment., Towards this end, uncertainty and sensitivity analyses were performed,

While the models used to simulate biotic intrusion at MDA G have uncertainties

associated with them, they are expected to provide reasonably conservative estimates of the

actual impacts of plants and animals at the site. In contrast, the uncertainty associated

with many of the input parameters used to implement the models is great, Errors

introduced into.the modeling by these uncertainties may also be significant. Given this, the
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uncertainty analysis focused on model parameter uncertainty and its impact on the ability
of MDA G to satisfy regulatory requirements, The sensitivity analysis was performed to
identify the input parameters to which the projected impacts of biotic intrusion were most

sensitive. The analysis took into consideration the uncertainties associated with the model

parameters, as defined for the uncertainty analysis,
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The biotic intrusion models developed for the MDA G performance assessment and
compesite analysis (LANL, 1997) were also used {or this updated modeling. The model for
plant intrusion is based on the assumption that roots of plants growing over the site extend
into the buried waste. The roots extending into the waste take up radionuclides, which are

Litter is formed as plants die and shed their leaves,

assimilated by the plants,
Animals

contamination in the plant materinl enters the seil as the litter decomposes,
constructing burrows for cover or as a means of foraging may also penetrate the disposed
waste. Contamination transported to the surface may be mixed with clean soil excavated
from the portions of the burrows that lie above the waste, and spread over the ground

surface.
The biotic intrusion models project radionuclide concentrations in the surface soils
overlying the disposal units, normalized to contaminant concentrations in the disposed

waste. The model for plant intrusion is given by:

" Gy (0 .
—é:‘ —= flulBa.J‘-"lAw‘ o
where
C, 0= so0il c?nccnm'adon of radionuclide i due to uptake by plant species j
(Ci/m’)
Cui ® original waste concentration of radionuclide i (Ci/m
£, = fraction of root voiume of plant species j that penetrates into the waste
B, = biota transfer factor for radionuclide i in plant species j
A = buildup constant for radionuclide i in plant species j (yr™)

iy




time since facility closure (yr).

The biota transfer factor for plants, B, , is the radionuclide-specific plant uptake factor, The
buildup constant, 4, ;, is given by:

A. = ml’-lfl’-IB'-I (2)
M} '
. p.l(L[’.J —Lr) '

where
m, = mass transfer rate to the surface soil for plant species j (kg/m*/yr)
P, = bulk density of soilwvaste (kg/m®)
L., = maximum rooting depth of plant species j (m)
L = cover thickness (m).

The mass transfer rate, m,, represents the decay of contaminated plant litter and the
formation of soil, All litter is assumed to decay at the site of formation within a ycar of the

time it is generated.

Normalized surface concentrations of radionuclides resulting from animal intrusion

are given by:
C,., ) L, -L . (3)
L, (et £ WL )
CIW 4 ay
where :
Cosy = soil concentration of radionuclide i due to intrusion by animals species
j (Ci/m™
f, = fraction of burrow volume of animal species j that penetrates into the
waste
L, = maximum burrowing depth of animal species j (m)
A = buildup constant for animal species j (yr™).

wJ

The buildup constant for animal intrusion is given by:

m
A= d,fod . 4
“ oLy =L @

where
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m, ;= mass transfer rate to thé surface soil for animal species j. (kg/m*yr),
. The mass ‘transfer rate fqr' animals is.simply equal to the amount of soil brought to the
surface each year.

[l
'

‘ . I‘ . [ 9 l‘ 1) ' . [] . ' 4 .
The total soil concentration. of a given radionuclide is determined by summing the
" contributions. from the various species of plants and animals. These contributions are

weighted by the mass transfer rates as shown below:

El C_.____.,...-,, © " !ﬁp J '*"z "'—""cm‘i'l ©. m,, |
Ccl.(‘ _ e Sy Jel Wit ' . (5)
Gl 3 zmw '*‘z:.’"u.)
: - =t

b

where
C.. total surface soil concentration of radionuclide i (Ci/m”)

- number of plant species growing over the closed disposal units
number of animal species burrowing into the closed disposal units,

B as

il

m

‘Surface eresion may, '6vér extended periods of | time, significantly reduce the
thickness of the cover material over the disposed units, thereby allowing . greater
proportion of plant roots and animal Burrowé nccess to the waste. The effects. of erosion
weref'included«lin the models prcscmed above in an ad hoc fashion when they were ﬁsed in -
the MDA performance assessment and composite analysis. Including the effects of erosion
in the rﬁodeh’ng‘ had little effect on the projected impacts. In fact, it was found that che.
projected rate of erosion for the site would need to-increase almost two orders of ‘magnitude
to significantly affect the projected oxposures during the 1,000-year compliance period.
Given this, the inipucts of surface crosion were not taken into account in this updated

modeling.




2.3 BIQTIC INTRUSION MODEL DATA

This update of the biotic intrusion modeling is based on the assumption that no
attemnpt is made to exclude plants and animals {rom inhabiting the 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 inbabit MDA G after the

facility is closed. Consequently, characterizing these communities and how they may

change over time as the site undergoes ecological succession was an important part of the

revised modeling cffort. Once these communities were identified, the data required to

implement the biotic intrusion models were collected.

Data were collected to support the baseline modeling and to develop parameter
distributions for use in the probabilistic uncertainty analysis, The approaches and sources
of information used to support the selection of input parameters for the baseline
assessment are discussed in Section 2.3.1. Section 2,3.2 discusses the information and

rationale that went into developing distributions for the uncertainty analysis,

2.3.1 Baseline Simulation Datn

The basecline simulation projects the impacts of plant and animal intrusion on the
ability of MDA G to safely isolate the waste from the environment using best estimates of
the model parameters discussed in Section 2.2, Given the basic differences in the manner
in which plants and animals exert their influence, it is not surprising that the data

required to model their respective impacts are also quite different. These data are

discussed in the following sections.
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Plant Intrusion Datn

The input data required to model the potential for plant intrusion at MDA G are the
same whether the site is assumed to be in its early successional stages or its climax

condition. They include:

Plant speciés present at the disposal site.

e

Plant root distributions with depth.

Radionuclide uptake factors for plants.

- Plant litter production rates.

Thickness of cover over the disposed waste,

'fhc ecological characteristics of the LANL and, more specifically, MDA G must be
understood in order to determine the plant species that will be preseht: at the disposal site.
A diverse array of plants and animals is found in the Los Alamos region, owing to the large
elevational ‘gradient between the Rio Grande River (1500 m above mean sen level)and the
Jemez Mountains (7000 m above mean sea level), and the canyon and mesa terrain (DOE,
1979). Six major vegetative community types are found in Los Alamos County including
juniper-grassiand, pinyonsjuniper, ponderosa pine, mi:ceé conifer, spruce-fir, and subalpine
grassland. The juﬁipcr-g’rassiand. pinyon-juniper, and ponderosa pine comﬁ:unities
predominate, with éach occupyiag about one-third of the Laboratory. 'I'he Jjunipers
grassland occurs along the Rio Grande and the castern border of the Pajarito Plateau,
extending up to elevations of 1,700 to 1,900 m on the south-{acing sides of canyens. The
pinyon-juniﬁer' community covers large portions of mesa tops at elevations rangihg‘ from

1,900 to 2,100 m. Ponderosa pines are found at elevations ranging from 2,100 tor2;'300-ni in

the western portion of the plateau.

Undisturbed areas on Mesita del Buey, the mesa upon which MDA G is located, are
dominated by pinyon<juniper woodland. Pinyon pines (Pinus cdulis) and one-seed juniper
(Ji;m‘pcrus monosperma) are the dominant tree species, while common shrub species




include big sagebrush (Artemisia tridentata), four-wing salt bush (Atriplex canescens),
currant (Ribes cercum), and mountain mahopany (Cercocarpus montanus). Blue grama
rrass (Boutcloua gracilis), cryptogamic goil crust, and prickly pear cactus (Opuntia
polyecantha) are among the most commeon understory plants on the mesa top. Others
include snakev.;eed (Guticrrezia sarothrac), pinque (Hymenoxys richardsonii), wild
chrysanthemum (Bahio dissccta), leafy golden aster (Chrysopsis filiesa), purple horned-
toothed moss (Ccrﬁtadon purpurcus), several lichen species, three-awn grass (Aristida

spp.), bottlebrush squirreltail (Sitanion hystrix), bluegrass (Poa spp.), and {alse tarragon
(Artemisia dracunculus). Waste management operations at MDA G have replaced a
number of the understory plants native to the area. Recently disturbed areas support
plants such as goosefoot (Chenopodium fremontit), Russian thistle (Salsola hali), cutleaf
evening primrose (Oenothera cacspitosa), common sunflower (Helianthus anuus), and other
colonizing species. Vegetation introduced as disposal pits are closed consists of native
grasses, including blue grama, buffalo grass (Buchloe dactyloides), western wheatgrass

(Agropyron smithii), and dropseed (Sporobolus spp.), and forbs such as alfalfa (Medicago

sativa),

Based on the information provided above, the disposal units at MDA G are expected
to undergo ecological succession {rom their disturbed state shortly after closure to a pinyon-
juniper woodland climax, characteristic of the undisturbed portions of Mesita del Buey.
Annual and perennial grasses and forbs will predominate when the site is in its early
successional stages, becoming established as covers over disposal units are seeded and as
grasses and forbs invade from surrounding areas on the mesa, Over time, shrubs and trees
will take hold and become established at the site. While some species of grasses and forbs

will die out, others will continue to thrive. Given enough time, a condition approximating

the climax pinyon-juniper woodland will be attained.

The length of time required for the site to pass from the early stages of succession to
a climax condition depends upon conditions at the disposal site, many of which are diffieult
to predict with certainty. However, information gathered by Arnold et al. (1964) provides
These

some insight into the temporal aspects of succession in these communitics.

investigators compared transect measurements from burned areas to measurements taken
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in adjacent unburned pinyon-juniper stands at three locations in northern Arizona.
Measurements were taken in 1954, approximately 70 to 90 years after the fires had
aceurred. At a site that had been burned about 80 years pn‘or.‘ troe canopy intercept was
about 0.1 percent of that in the adjacent unburned areas: intercepts of mid-grasses and
. shrub cover were 2.8 and 5.8 times greater in the burned area than in the adjacent mature

woodland. Tree cover in 70 and 90 year-old burns were 12 and 15 percent of the cover

measured in adjacent unburned communities, grasses and shrubs were still much more

abundant in the burned arcas.

Based on the data from Arnold et al, (1964), it appears that more than 100 years will
be required to establish the mature pinyon-juniper woodland at MDA G, This conclusion is
supported by the work of Tress and Klopatek (1987), who estimated the rate of succession
in pinyon-juniper woodlands in north-central Arizona based on several post.fire -
communities, Based on crown cover estimates, it was estimated that slié;htly more than
200 years would be required for the community to return to an “equivalent” ytate, Longer
periods of time for recovery were indicated by other measures of conamunity strueture.

While the general nature of the vegetative cover at MDA G can be predicted for the
site in its early successional stages and climax condition, predicting the species-specific
composition with any degree of accuracy is difficult. Given this, the plant communities
present at the site were identified in terms of the gexjxeral growth-forms present under edcﬁ
set of conditions, rather than on a species-specific basis, Four growth-forms were identified
to implement this.approach, including annual and perennial grasses, annual and perennial
forbs, shrubs (including subshrubs), and trees, Grasses, forbs, and shrubs were included in
the simulation of the site when it is in the early stages of succession. As stated above,
gmssés_nnd forbs are expected to be early colonizers ut the site. While few, if any, shrubs
will occur over the recently closed disposal units, they are expected to begin colonizﬁtiori of
MDA G within a matter of years. Consequently, the growth-form was included in the
simulation ‘of the site. The simulation conducied to address climéx conditions at the

disposal site included all four vegetation growth-forms.
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Plant rooting depth distributions provide the information required for estimating
the proportion of the root mass that penetrates the waste and the maximum depth of plant
intrusion, the parameters f  and L, in Equatiens (1) and (2). Insofar as the plant
communities present at MDA G were defined on the bnsis of growth-forms, the root
distributions used in the modeling had to have a similar basis, These growth-form specific

distributions were developed using a combination of LANL-specific data and information

taken from the open literature,

Foxx et al. (1984) conducted an extensive review of the rooting characteristics of

native and crop plants that occur within the United States, Most of the references included
in the review were studies performed in states west of the Mississippi River, a number of

species native to the Laboratory were included in the citations, The authors constructed a
database of plant rooting depths, and used this information to estimate rooting depth
distributions for individual plant species, A distribution was developed for o species if
there were at least six data points for the plant. If there were insufficient species-specific
data, distributions were developed on the basis of plant genera. All told, Foxx et al. (1984)
developed rooting depth distributions for 12 species or genera of grasses, 10 species or

genera of ferbs, and two species or genera of shrubs,

Least-squares regression analyses of the data developed by Foxx ot al. (1984) for
rrasses and forbs were performed to estimate composite rooting depth distributions for the
two growth.-forms. The dina used to conduct these analyses and the predicted composite
distributions for grasses and forbs are shown in Figures 2-1 and 2.2, respectively. The
rooting distributions developed by Foxx et al, (1984) for shrubs were considered inadequate
for estimating a composite rooting depth distribution for the growth-form, Consequently,
these data were supplemented with data for two additional shrub species, four-wing

saltbush und rabbitbrush (Chrysothamnus spp.), to develop the composite distribution

shown in Figure 2.3. These data were taken from Foxx et al. (1984) and Foxx and Tierney.

(1987), the latter a report on plant root lengths growing on Laboratory lands. Rooting
distributions were not provided by Foxx et al. (1984) for tree species, reflecting a general
lack of root distribution data for these plants, In their absence, rooting data for ponderesa

pine (Pinus ponderosa), pitch pine (Pinus rigida), jack pine (Pinus banksiana), and juniper
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Figure 2.1. Composite rooting depth distribution for grasses.
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(:Juniperus spp.) were taken from Foxx et al. (1984), Foxx and Tierney (1987), and Foxx
(1999), and used to estimate the rooting depth distribution for trees in the pinyon-juniper

woodland climax. The data and composite rooting distribution for the trees are shown in

Figure 2-4.

The composite rooting distributions shown in Figures 2.1 through 2-¢ show the
fraction of roots occurring at or above a.given depth. The proportion of roots extending into

the waste is determined by subtracting the cumulative frequency shown for the cover

thickness of interest from 1.0, For instance, the proportion of the roots of grasses

penetrating waste disposed beneath a 2-m thick cover is 1.0 minus the cumulative

frequency predicted by the regression cquation depicted in Figure 2-1. The predicted

frequency is 0,77, indicating that 23 percent of the roots of grasses penetrate into waste
disposed beneath a 2-m cover. Using this approach, the proportions of roots penetrating
into the waste for the four growth-forms and a range of cover depths were calculated. The

results of these calculations are shown in Table 2.1,

Maximurm rooting depths for the different growth-forms are included in Table 2-1.
In general, these depths were based directly on the data used to generate the composite
rooting distributions. In the case of the forbs, however, the maximum rooting depth shown
excludes the two greatest depths recorded for alfalfa (i.e., 19 and 39 m). These data were
not used because the conditions under which the roots were found to penetrate to these

depths are not expected to occur at the Laboratory. For example, the roots of the plant

extending to a depth of 39 m were found in an underground mine shatt,

Table 2.1. Proportions of plant roots penetrating the disposed waste and
maximum rooting depths.

Maximum Rooting Depth (m)

Plant Growth-Form 1 2 . 3
Grasses 5.0E-01 2.3E-01 1.2E.01 4.4E+00
Forbs 6.0E-01 3.9E.01 2.9E-01 9,1E+00
Shrubs 6.9E.01 4.2E-01 2.2E-01 7.6E+00
Trees 54E.01 3.2E.01 2.8E.01 6,1E+01
2-15
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Litter generated by leaf fall and plant death will contribute to soil formation as the A
organic matter decays, The mass of material added to surface soils annually, m, in
Equation (2), depends upon the above-ground biomass of the plants, the portion of this :

biomass that dies cach year, and the time required for the organic matter to decay, A .
combination of site-specific data and information from the open literature was used to

estimate these parameters and define the rates at which contamination passes from plants

to soil for the site when it is in the early stages of succession,

2

Estimates of above-ground biomass for grasses, forbs, and shrubs were developed

RN

based on vield and cover data for each growth-form under conditions expected to resemble
When available, yields for the above-ground portions of

- {3.

MDA G in early succession,
grasses, forbs, and shrubs were taken directly from the literature. To supplement these

-~
4

f:}f"!r

data, additional estimates of production were developed by scaling total understory
production by the relative cover for cach growth-form. This process and the data used in its

2
i

.}-"\ L S

implementation are discussed in the following paragraphs.

Estimates of understory biomass for the early successional stages at MDA G were

based on information from several different sites. In general, these sites consisted of

pinyon-juniper woodlands that had been disturbed by fire or physical means, pinyon-
juniper grasslands, and oreas adjacent to mature woodlands. While MDA G is not expected
to look exactly like any one of these sites, the understory production data for these

communities are expected to provide reasonable estimates of conditions at the disposal site,

Direct measurements of above.ground production of grasses, forbs, and shrubs were

found for a number of sites in the western United States, those used to develop baseline

modeling data are summarized in Table 2.2, Clary (1989) ovaluated the production of

grasses, forbs, and shrubs on areas that had been disturbed by chaining and cabling two to

30 years prior. Average yields across the four sites and the four years in which

measurements were conducted were 530 kg/ha for grasses, 33 kg/ha for forbs, and 76 kg/a
for shrubs, Dwyer and Pieper (1967) meusured production of grasses and forbs in burned
and unburned arens on pinvon-juniper rangeland in southe-central New Mexico. The

unburned area was free of trees and, as such, was considered to be a reasonable
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Table 2-:2. Summary of cover 3nd production studies used to estimate understory biomass for MI}A
Ginits early successional stages.

Caver

Community -

Characteristics Reference
Pinyon joniper woodlacsd in Clary, 1939
central Utah
Pinysa janiger rangelandin Dayer arld
south central New Meaico Pieger, 1967
Pinysa juciger sangelandin Pieper, 1568
south central Kew 3exico
Grasstands surrounding Arpclietal,
pinyon Janiper woodlands in £1361
Asizcnn
Fallow fisddsin pinyon-juciper Foxxetal
cover type nceth of LANL 1937
Pinyon junipesr wocdland Tress and
disturted Ly Gire seven years Klopatek, 1957
previcusly . .

2. Covermeasurements were pot perfoimed.

b. Growth form was ot consifered in the staly.
€. Production measurements were oot performed.

Production
Grasses Forbs Shrubs Grasses Forbs Shruls
~ - - Alove ground  Aloveground - Abeve ground
producticn at production at Fsannat
fsur sites four sites four sites
rapged from sarged from 0 varnged from
2910 770 to 100 kgts; 79t 153
kzha; average © average kgha; average
producticaesf  producticacf productinn of
570kgha 3 %pha T6kgha
vefatthree Cover atthree . Abcvegreard  Abave groond -~
sites ranged sites rarged groduction at production at
frcm 13t 27 from O 1Tto three sites three sites
pereest, 087 gercert, raczed lrom ricged frem 7L
AVEEAIE COVEL  2VErAfe COVEr 810 to E0OD to 240 kghs;
cf 13 percant  of 045 percent kgha; average average
production of grodactien of
57 keha 1403 gtk

Coser atthree sitesranged rcm 3 4 Lo §2
percent; averagze cover of VE percent

Covercn

Cavesron Caveron
aress freecf areasfreecf areas freecd
treesaverazed  treesaveraged trees averaged
36 percent 0 3 pesceat 39 percent
Cover Cover Cover
stimates fzr estimatesfor  estimates for
txysilesmere twositeswere Ctwositeswere
302c410 5922170 01asd3s
percent pereent goreent
Coseren Coves on Covercn
seven-yesrckl  zevenyesrcld  seven-yearold
buinwas03f buornes19  baunwas88

pescect pescest percest " -
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Alove greoed preduclion at three sites sanged from
630 L0 730 kgha; average prodution cf 650 kg ha
Tetalberbage profucticoin areas free cftrees was

approximately 670 kg/ha




approximation of MDA G in its early successional stages. The data for the site, collected
over a three-year period, indicated an average herbage production of about 890 kg/ha for
prasses and 140 kg/ha for forbs. Additional work conducted by Pieper (1968) in south-
central New Mexico examined the effects of grazing on herbage production in pinyon-
juniper grasslands, Above-ground production ranged from 630 to 730 kg/ha on three areas
protected from grazing. Grasses were the dominant growth-form, accounting for 81 to 98
_percent of the vegetation on thé basis of cover. Arnold et al. (1964) developed estimates of
total herbage yields (i.c., grasses and forbs) for pinyon-juniper woodlands as a function of
tree canopy intercept. Yields were about 670 kg/ha of air-dry vegetation in arcas that were

free of trees,

Several investigators have cvaluated plant cover in disturbed pinyon-juniper
woodlands and areas adjacent to mature woodlands (Table 2-2). Arnold et al. (1964)
examined cover of grasses, forbs, and shrubs in and around pinyen-juniper woodlands in
Arizona. The canopy intercept of trees in these woodlands ranged from 0 to 95 percent. In
arens free of trees, grass and forb cover were approximately 3.6 and 0.3 percent,
respectively. Shrub cover, including half-shrubs, was abeut 3.9 percent. Tress and
Klopatek (1987) examined cover by growth-form in pinyon-juniper woodlands disturbed by
fire 7 to 90 years ago, and in a mature woodland that had been free of fire for at least 300
years. Tree cover on the 7- and 35-year old burns was 2 percent or less, these sites were
considered suitable for estimating conditions at MDA G in its early successional stages,
Grass, forb, and shrub cover on the 7-year-old burn were about 0.40, 1.0, and 8.8 percent,

respectively. Cover estimates for the 35-year old burn were 13 percent for grasses, 1.9

percent for forbs, and 22 percent for shrubs,

Foxx et al. (1997) surveyed eight fallow fields of the ponderosa pine and pinyon-
juniper cover types to understand plant succession in the greater Los Alamos area. Two of
these sites were located on the LANL, while six were located north of the Laboratory.
Transects were established at each site to determine species composition, density, and
abundance. Cover and frequency were measured for cach dominant plant species, and used

to develop cover estimates by growth-form (i.e., grasses, forbs, and shrubs),
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Two of the fields surveyed by Foxx et al. (1997), Chupaderos and Pumice Mine fields,
are found in pinyon-juniper cover types, These fields were removed from active use (ie.,
grnzl'ng)'in' 1943, sampling was conducted by Foxx ct al. approximately 40 years later in
1982. The tctal understory cover for Chupaderos Field was 13 5 percent, mcludmg 3
percent grass cover, 7 percent coverage by forbs, and 3.5 shrub cover. Small ponderosa
pines were scattered throughout the area. The total understory cover for Pumice Mine
Field was 16.5 | percent, ii'xcluding 10.5 percent grass cover, 5.9 percent forb cover, and 0.1
percent shrub cover. Pinyon pine and juniper occurred at the site, a few ponderosa pine

stumps were present as well,

The production and cover data discussed above were used to develop biomass
estimates for grasses, forbs, and shrubs for MDA G in the early stages of succession. The
understory production data generated by Clary (1989), Dwyer and Pieper (1967), and
Pieper (1968) were assumed to apply directly to the dz'sposal'site. . The production data
provided by Pieper were d.ivided' between grasses and forbs based on percent cover of each
growth-form., Production data for grasses and forbs were estimated for the studies
conducted by Foxx et al. (1997). Arnold et al, (1864), and Tress and Klopatek (1987) 'using*
the tota} herbage production of 670 kg/ha developed by Arnold et al. (1964). This tbr.al yield
was allocated among grasses and forbs based on the percent cover of each growth-form.
While scaling in this manner is only approximate, it 1s expected to provide reasonable
estimates of the relative contributions these growth-forms make to the total understory

biomass. The yields generated using these approaches are summarized in Table 2.3,

Grass and forb biomass and litter generation rates were assumed to.be equivalent to
the above-ground yiclds listed in Table 2.3, The median values of 610 kg/ha for grasses and
47 kg/ha for forbs were adopted for the bascline biotic intrusion modeling. These data are
expected to overstate the dctunl amount of litter that falls to the ground, as a portion of the
dead plant matorial will be left standing for a period of time. For example, Grier et al.
(1992) found that approximately 40 percent of the biomass of grasses and other understoz;y

vegetation in two pinyon-juniper woodlands consisted of standing dead material,




Table 2-3, Aboveground production of grasses, forbs, and shrubs in
early successional stages of pinyon-juniper cover types.

Above-Ground Praduction (kg/ha)
Grasses_ Forbs Shrubs

Studv

Clary, 1989 .
Chureh Hills Site — 1982 3.9E+02 9.5E+01 1.8E+02

Church Hills Site = 1985 4,.3E+02 1.0E+02 8.5E+01
Clay Springs Site = 1980 2.9E+02 3.7E+01 T.5E+01
Clay Springs - 1985 - 4,9E+02 2.0E+01 2.0E«01

- Eight Mile Site No. 1~ 1980
Side Slope
Ridge Crest

Eight Mile Site No, 1 - 1982
Side Slope 5.6E+02 1.1E+00 2.4E+01

. Ridge Crest 4.1E+02 3.8E+01 1.1E+02
Eight Mile Site No. 1 - 1985
Side Slope T.1E+02 0.0E+00 7.9E+00
Ridge Crest 5.5E+02 1.5E+01 5.8E+01
Eight Mile Site No. 2 - 1980
Side Slope 6.4E+02 1.7E+01 4.5E+01
Ridge Crest. 5.7E+02 1.6E+01 4,2E+01
Eight Mile Site No. 1 = 1981
Side Slope 6.9E+02 4,7E+01 1.2E+02
Ridge Crest 7.7E+02 1.9E+01 1.2E+02

Eight Mile Site No. 1 - 1985
Side Slope
Ridge Crest
Dwyer and Pieper, 1967
Unburned Site = 1964 8.1E«+02 7.1E+01
Unburned Site - 1965 1.0E+03 24E+02
Unburned Site — 1966 8.5E+02 L.1E+02

Pieper, 1968
Stony Hills 6.2E+02" 1.1E+01"

Loamy Bottomland 6.2E+02" 6.0E+01"
Loamy Upland . 5.9E+02" 1.4E+02"
Arnold et al., 1964 6.4E+02 5.4E+01

Foxx et al., 1997
Chupaderos Field 2.1E+02 4.9E+02
Pumice Mine Field 4.5E+02 2.5E+02

Tress and Klopatek, 1987
T.year old burn 1.8E+02 5.2E+02

35-year cld burn . 6.1E+02 8.TE+01

7.7E+02 3.4E+00 1.4E401
4.1E+02 1.5E+01 8.6E+01

I E05 G ¢

7.6E+02 8.6E+01 1.5E+02
6.TE+02 2.2E+01 8.1E+01

a. Indicates no estimate of production was available for growth.form,
b. Production was presented in the report as total herbage (i.c.,, grass and forbs)
production. These yields were divided between grasses and forbs based on percent

cover.




The estimates of shrub production included in Table 2-3 represent several years of

accumulated growth, 'c‘orresponding to the developrent of the supporting structures of the
Given this,. :t is unreahst:xc to take the npprouch adopted’ for

planz:s (e.g. woody txssues)
grasses and forbs’ and equate litterfall wu:h plant produmon. I.ackmg specxﬁe: data on litter

productxon rutes in shrubs found in pmyon-Juruper cover types, data from t:he ecological
literature were used to estimate the fraction of the ubove-g'round shrub bxomnss that may
roasonably go mto litter producmon. “This fraction was mulnphed by the medmn of the

producnon data prowded above to esmmate annual litterfall for shrubs.

. The proport:mn of above-ground shrub biomass’ thnt goes into annual litter

producnon was estimated on' the basis of bxomnss accumulatzon rot::os. The biomass
accumulnmon ratio is deﬁned as.'the ratio of dry-wexght: bxomass to annual net primary
productmty thttaker {1975) provxdes ranges of the accumulanon ramo (for above-ground ‘
parts of plnnt.s) for dlfferem terrestnnl commummcs, normal ranges are from 2 to 10-in the

desert, 1to 3in grnsslands. 3t0 12 in shrublands 10 to 30 in woodlands and 20 to 50 in

' mature forests Ii‘ 1t 18 asaumed that r.hese ratios remam relatnvelv constant: after

o cstabhshment of the plant commum:y, the inverse of these ratios: estimates the'amount of
. the above-ground b:omass t:hat goes mt:o .mmml ht:t:er produet:zon. Usmg tl:us approach and
~ the data provxded by thtmker for shrublands it is estimated that 8 to-33 percent of the
abow-ground blomass of shrubs will enter into annual lister producnon A bxouccumu]anon |
ratio of 7.5 wus adopted for the baselmc biotic mr.rusxon modehng. the xmdpomt: of’ the
range prowded by thtmker ‘This ratio t:ranslates toa biomass conmbunon of 13 percent:.

’I'he rate at whxch litter decoys to form soil will depend upon the ch.mamc conditions
-under wl:uch decomposxtxon occurs and the nature of the plant ma"enal In general rates of‘
decomposmon typmally mcrease with' increased temperature and moxst:ure. For emmple. |
rates of decomposmon tend to be much g'reater in wam: moist tropxcel forests than in. a
more temperate, arid ermronment such as that found at LANL. In’ terms of plant:

cho.mcx:enstzcs, wood is more ‘resistant to decay than leuves. ‘while evergreen ‘leaves

generally decompose more slowly ‘than decxduous leaves. Given these relntmnshxps. it is.

. reasonable to etpecc ‘that. litter from grasses. and forbs will tend to decompose relatn ely
qmckly, w):ule htter produced from shrubs and trees wzll take longer to decay ‘




Rates of litter decomposition are not widely available in the open literature.
Whittaker (1975) discusses litter decay in terms of the decomposition half-life, or the time
required for half of the original dry mass of litter to decompose. Half-lives for litter in
boreal conifer forests, temperate deciduous forests, and grasslands were estimated at 7.0,
1.0, and 2.8 years, respectively. Millar (1974) cites work by others in which 10 or more

years were required in order for Pinus needles to reach the humus layer of the soil,

Murphy et al. (1998) examined rates of litter decomposition at five sites along an
elevational gradient in northern Arizona. These sites included Great Basin Desert scrub,

pinyon-juniper woodland, ponderosa pine forest, and transition zones between these

communities, Litter decomposition rates were measured for leaf litter collected from
ponderosa pine, pinyon pine, one-seed juniper, and blue grama grass; and for leaves and
stems from snakeweed. Based on these measurements, the investigators caleulated annual

decomposition rate constants for cach species, separate constants were estimated for the

first and second years of the two-year study.

The litter decomposition constants estimated by Murphy et al. (1998) for the five
study sites are summarized in Table 2-4. Decomposition was greatest in the first year, as
litter with the most faverable decay characteristics was ¢onsumed. Decay of more
recalcitrant litter components proceeded at slower rates. If assumed to remain constant
over time, the rate constants for the first year of the study infer a litter halfelife of 1.7 years
for snakeweed, 2 years for blue grama, and 3.3 years for pinyon and juniper trees (averaged
over the two species), Similarly, if the rate constants for the second year were assumed to
be constant, litter half-lives for the shrub, grags, and tree species are 2.8, 5.4, and 4.7 years,
respectively, Even longer half-lives may be anticipated for the more substantial woody

litter from mature shrubs and trees.
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Table 2-4. Litter decomposition rate constants.”

Decomposition Rate Constant (yr'!)

Plant Species First Year Second Year
Snakeweed «4,2E-01 -3.5E-01
Blue Grama -3.4E.01 -1L.3E-01
One-Seed Juniper . -2,2E.01 -L5E-01
Pinyon Pine -2.0E-01 -1,5E-01

.Ponderosa Pine 2.2E-01 -1.3E-01

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

Biotic intrusion modeling conducted for the MDA G performance assessment and

composite analysis assumed that litter decomposed to form soil in the year in which it was
Given the decomposition rates listed in Table 2-4, this approach will

produced.
overestimate the rate at which radionuclides build up in the surface soil. This level of

conservatism will be most impertant for radionuclides that are strongly assimilated by
plants and that have relatively short radiclogical half-lives. The radionuclides that were
responsible for the peak composite analyais dose following biotic intrusion, however, have

low plant uptake factors and gencrally have half-lives on the order of hundreds or
thousands of years. Under these conditions, the effect of reduced rates of litter
decomposition on the projected impacts of biotic intrusion is expected to be small
Consequently, this aspect of the modeling approach was not changed for the updated

analysis,

Biomass estimates {or grasses, forbs, and shrubs in the mature pinyonsjuniper
woodland were developed in a manner similar to that deseribed above for the disturbed site.
The data used to generate thesc estimates are summarized in Table 2.5, which includes o
description of the sites that were investigated and a summary of the production and covér
information that was taken from the reports. Some of these studies provide direct
estimates of understory production in the mature woodland. Clary (1971) studied the
effects of tree removal on herbage yields in pinyon-juniper woodlands in northern Arizona.
Herbage yields of grasses, forbs, and shrubs averaged 71, 77, and 100 kg/ho/yr, respectively,
in arcas where no trees were removed. In other work, Clary (1989) reported yields ranging
from 20 to 140 kg/ha for grasses, 10 to 45 kg/ha for forbs, and 30 to 130 kg/ha. for shrubs in
mature pinyonsjuniper woodlands in central Utah, O'Rourke and Ogden (1969) cvaluated
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Table 2-5. Summary of coyer and production studies used to estimale understory biomass for

Community
Characteristics

MDA G in its climax condition.

Reference

Cover

Production

{irasses

Forhbs Shrubs Trees

Grasses

Pinyen-juniper
woodland in northern
Arnizona

Pinyon-juniper
woodland in central
Utah

Pinyen-juniper
woodland at four sitesin
north-central Arizona

Pinyon-juniper
woodland communities
in northern Arizona

Clary, 1971

Clary, 1959

ORourke
and Ogden,
1969

Arnold et
al, 19614

Cover at
four sites
ranged
from8to
22 percent;
average
cover of 16
percent

- . Crown
COVer on
study sites
ranged
from 10 to

45 percent

Crown
cover at
four sites
ranged
from 13 to
44 percent

Abave-
ground
production
averaged 71
kg/haovera
four-year
period
Above-
ground
production
at fwo sites
ranged from
20to 140
kg/ha;
average
production
of 70 kg/ha
Above-
ground
production
at four sites

ranged from

60to 230
kg/ha;
average
production
of 130 kg/ha

Forbs
Above-
ground

production
averaged 77
kg/ha overa
four-year
period
Above-
ground
production
at two sites
ranged from
10 to 45
kgha;
average
production
of 26 k‘glha

Shrubs
x\_bﬁ\‘&
ground
production
averaged
100 kg/hat
over a four-
year period
Above-
grouml
production
at two sites
ranged from
3010 130
kg/ha;
ayerage
production
of 72 kg/ha
L]

Developed estimates of total herbage
production as a function of tree cover,
shown in Figure 2-5
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Table 2-5. Continued.

Cover

Production
Community
Characteristics Reference Grasses Forbs Shrubs Trees Grasses Forbhs Shruhs
Pinyon juniper, Tress and Coverin Caover in Coverin Crewn -t - -
woodland in north- Klopatek, mature mature mature cover in
central Arizona 1987 woodland  woodland  woodland mature
was 8.1 was 0.4 was04  woodland
percent percent percent was 35
’ percent
Pinyon-juniper Arnold et Caoves Cover Cover Crown - -t -t
woodland communities al, 19614 ranged ranged ranged cover at
in nogthern Arizona from14to from02to from 1.9te threesites
1.7 percent 0.4 percent 28 percent ranged
among ameng among from 3510
three sites; threesites; three sites; 55 percent
average average average
coverof 1.6  coverof 03 covercf22
percent percent percent
Pinyon-juniper Everettand Coveratl0  Coverat  Coverat 10 Crown - - -t
woodland at 10 sitesin Koniak, sites 10sites sites cover at 10
central Nevada 1931 rangel ranged ranged sites
fromOto * from00to fromOto ranged
4.1 percent; 7.2percent; 43 percent; from26 (o
average average average 63 percent
coverof 13 coverof 1.4 coverof 0.7
percent percent percent
Pinyon-juniper Hauflerand  Coverin Coverin Caverin Crown -t - -
woodland in western Nagy, 1984 mature mature mafure caver in
Calorado woodland woodland woodland mature
was 1.2 was 0.94 was43 woodland
percent percent percent wasds
percent

a. Cover measuremen!s were not performed.
b. Growth-form was not considered in the study.
¢. Production measurements were nof pesformed.




the effects of pinyon-juniper control on herbage production at four woodland sites in north-
central Arizona. The two-year study included measurements of grass cover and production
in undisturbed woodlands. Cover ranged from 13 to 44 percent, while yields ranged from
53 to 210 kp/ha, As discussed earlier, Arnold et al. (1964) developed estimates of total
herbage vyields G.e.. grasses and forbs) for pinyon-juniper woodlands as a function of tree
canopy intercept. Percent tree cover had a significant effect on above-ground herbage

vields, as shown inl Figure 2-5, Clary (1971) found a similar relationship between tree cover

and understory production in his work in northern Arizona.

Mature pinyon-juniper woodlands have also been characterized in terms of cover by
vegetative growth-form, Tress and Klopatek (1987) found total understory coverage of
about 9.1 percent in a 300-year old woodland. Arneld et al, (1964) developed cover
estimates for grasses, forbs, and shrubs for mature stands of pinyonsjuniper with a range of
tree canopy intercepts. Work conducted by Padien and Lajtha (1992) suggest that total
canopy cover at MDA G may be on the order of 37 to 50 percent. The data from Arnold et
al. for canopy intercepts in this range show grass cover ranging from 1.4 to 1.7 percent, forb
cover ranging from 0.2 to 0.4 percent, and shrub cover ranging from 1.8 to 2.8 percent.
Everett and Koniak (1981) observed an average total plant cover of about 3.5 percent in
mature stands, Haufler and Nagy (1984) conducted small mammal studies in mature and

disturbed pinyon-juniper woodlands. Cover on the undisturbed woodland consisted of 1.2

percent grasses, 0,94 percent forbs, 4.3 percent shrubs, and 38 percent trees

The data summarized in Table 2-5 and Figure 2-5 were used to generate estimates
of above-ground production for grasses, forbs, and shrubs, Production data were adopted
directly from the studies conducted by Clary (1971, 1989), and O'Rourke and QOgden (1969).
Herbage yields were estimated for the studies conducted by Tress and Klopatek (1987),
Arnold et al. (1964), and Everett and Koniak (1981) using the relationship between total
herbage production and tree cover developed by Arnold ct al. (1964). Total understory

vields predicted by Figure 2.5 for the tree coverages indicated in these studies were
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Figuré 2.5. Total herbage yicld as a function of tree canopy intercept
(adapted from Arnold et al., 1964).




allocated among grasses and forbs based on the percent cover of each growth-form, The

production estimates generated using these approaches are summarized in Table 2.6.

Grass and forb biomass estimates were set equal to the above-ground yields listed in
Table 2-6. The median values of the production data were used for baseline modeling,
vielding biomass estimates of 87 and 40 kg/ha for grasses and forbs, respectively. The lister
gencraﬁon rates for these prowth-forms were set equal to the biomass estimates. All litter

was conservatively assumed to decay in the year in which it was generated.

The' litter production rate for shrubs wans estimated using the method deseribed
earlier. Simply, the annual litter generation rate was assumed to be equal to the product of
the inverse of the biomass accumulation ratio and above-ground shrub biomass. The
midpoint of the range of accumulation ratios provided by Whittaker (1975) for shrublands
and the median shrub production value listed in Table 2-6 were used for the baseline

analysis. Shrub litter was assumed to decay in the year in which it was generated,

Estirnation of the rate at which litter is generated by trees in the pinyon-juniper
woodland presents unique challenges, Tree biomass in the woodlands will increase over
very long periods of time as stands become established and grow at MDA G. This
complicates the task of establishing representative data for the baseline modeling, While
the rate of litter production will be affected by the magnitude of the above-ground biomass,
the nature of this relatioﬁship is not entirely clear, Rates of litter production will tend to

inerease in early years in concert with rises in biomass, but may assume a variety of

patterns during later stages of growth,

Litter production rates for trees in the mature woodland were estimated using
limited biomass and litterfall data for pinyon-juniper woodlands in conjunction with
general information about litster production in woodlands and forest communities. The data
for the pinyon-juniper woodland were collected by Grier et al, (1992), who determined
above-ground biomass and above-ground net productivity for 90- and 350-year old pinyon-
juniper woodlands in northern Arizona, Tree biomass was estimated using regression
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Table 2-6. Aboveground production of grasses, forbs. and shrubs in
mature pinyon-juniper woodlands.

Produgtion (kg/ha)
Study Grasses Forbs S
Clary, 1971 T.1E+01 7.7E+01 1.0E+02
Clary, 1989
Church Hills Site - 1980 4.7E+01 4.5E+01 5.7E+01
Church Hills Site - 1982 1.4E+02 1.6E+01 1.3E«02
Church Hills Site - 1985 7.6E+01 3.5E+01 TOE+0Y
Clay Springs Site « 1980 2.0E+01 1.0E+01 3.0E+01
O'Rourke and Ogden, 1969
Boundary Site = 1961 2,3E+02 - —
Boundary Site - 1962 1.5E+Q2 -’ -t
Ryan Site = 1961 8.6E+01 -t -
Ryan Site = 1962 1.9E+02 -t '
Second Site = 1961 9.3E+01 -t "
Sceond Site = 1962 5.9E+01 e’ —
Chevelon Site = 1961 1.3E+02 -’ -t
Chevelon Site = 1962 7.5E+01 - -
Tress and Klopatek, 1987 1.8E+02 8.7E+00 -
Arnold et al., 1964 1.3E+02 2.4E+01 a?
Everett and Koniak, 1981 ,
Mt. Wilson Site 94E+00 1.0E+02 '
Fredricks Site 0.0E+Q0 1.9E+02 -
House Canyon Site 3.2E+01 2.4E+02 .
Willow Creek Site 3.0E+01 1.5E«02 -
Camel Springs Site 5.3E+01 4.8E+~01 -
Paperback Site T.6E+01 3.6E+01 -
Monitor Site 6.6E+01 2.4E+01 "
Austin Site 1.3E+02 4.5E+01 -t
Ridge Site 1.2E+02 1.6E+01 -’
Lewry Springs Site 9.3E+01 6.4E+01 at

a. No production measurements were conducted for the indicated growth-form,
b. Indicates no estimate of production was available for growth-form.

equations developed from destructive analysis of pinyon pine aund juniper, taking into
account the full dinmeter range of the trees found at the study sites. Net productivity was
estimated as the sum of the annual biomass increment and litterfall. Litterfall was

measured using litter traps over a three-year period.

The above-ground biomass and productivity estimates developed for trees by Grier

et al, (1992) are summarized in Table 2-7. Total tree biomass of the mature woodland was
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2.3 times greater than that estimated for the 80-year old stand, Living branches and bark
accounted for approximately 50 percent of the total biomass in both communities, The
canopy (i.c., foliage and foliage bearing twigs) was the next greatest contributor to biomass
in the youny stand, stems and the associated bark were more significant than the canopy in
the mature woodland, Above-ground net primary productivity of trees in the young stand

was 64 percent of that for the mature stand, litterfall for the young stand was 60 percent of

that estimated for the mature woodland.

Table 2.7. Above-ground biomass and net primary productivity
estimates for trees in pinyon-juniper woodlands.*

Young Stand Mature Stand
Pinyon Pinyon
Comgponent__ —Plne . .Juniper _Total  __Pinc _  Junipee. __Total _

Blomanss Mgp/ha)

Canopy
Foliage 2.7E+00 L7E«00 4,4E+00 2.4E+00 3.3E+00 5. 7TE«(0
Foliage-bearing twigs LE6E-DD 1.6E.01 1.7E+00 1.0E+Q0 4.1E-01 14E+00
6,.0E+00 4,2E«00 1,1E+01 1.3E+01 1.5E-01 2.90E+01

Living Branchen (incl, bork)
6.9E.01 2L.7E-0) 9.6E.0), 2,2E+00 1.4E+00 3.5E+00

Dead Branchas
Stem (wood and bark} 34E«00 1.5E+00 4.9E+00 7.2E+00 6,5E+00 1.4E«01
Total 1.5E+01 7.8E~00 2.3E+D1 2.6E+01 2. 75401 5.3E-01
Productivity (Mg/hoive)
Biomaoss Increment
Living wood 2.0E-01 5.0E.02 2.5E.01 3.2E.01 1.1E-01 4,3E.01
Attached dead material 2,0E.02 Trace 2.0E.02 T.0E.02 1.0E.02 8,0E.02
Bark 4.0E.02 1L0E.02 5.0E-02 6.0E-02 2.0E.02 8.0E.02
Foliage production T.0E.01 4,5E.01 1.2E+00 9,0E.01 8.2E.01 1,7E«00
Total 1.5E+00 2.3E+00
Litterfall 3.0E.02 46,0E.02

a. Source: Grier et al, (1992),

The biomass estimates developed by Grier et al. (1992) fall at the low end of the
range reported for pinyon-juniper woodlands in other regions. Meeuwig (1979), cited in
Grier ot al., reported above-ground biomass for Great Basin woodlands congisting of
singleleaf pinyon (Pinus monophylla) and Utah juniper (Juniperus osteosperma) ranging
from 60 to 121 Mg/ha. The oldest trees in these stands were about 320 and 260 years old,
respectively. Grier et al. observed that the productivities they measured are also low
compared to mest other forests and woodlands in North America. Productivity data for

other pinyon-juniper woodlands could not be found to make comparisons between similar

ecosystems.
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~ The litter producticn rates estimated by Grier et al, (1992) are approximately 0.1
percent of .thcAquve-ground biomass estimates for the two woodluhd communities. This
relative rate of production cannot be compared to data for other pinyon-juniper woodlands
because such data are unavailable. Nevertheless, it appears t.hxs production rate is
significantly smaller than rates indicated for other forest communities. This conclusion is

bused on several lines of evidence.

Hinesley ot al. (1991) measured litter production in four stands of oak-hickory-pine
forests in northern Mississippi. Annual litter production ranged from 3 to 5.5 percent of the
tree biomass, and was hif;hest in the stands that were predominantly pine. Whittaker
(1975) reported that litter production in a young mixed deciduous forest in the northeastern
United States was approximately 3.7 percent of the above-ground biomass, Whittaker also
reported a range of biomass accumulation ratios of 10 to 30 for above-grouna parts of plants
in woodlands. These ratios are largely determined by the presence of trees in the
communities. Ifit is assumed that these ratios remain relatively constant over time, taking
the inverse of the ratios yields estimates of the portion of the biomass that goes into-litter
production each year, Performing this calculation yields litter generation rates that are 3
to 10 percent of the above-ground biomass, Finally, Ricklefs (1979) reported that leaves
comprise between 1 and 10 percent of the above-ground biomass of forests, evergreen
forests tended to occupy the high end of this range. Grier et al, found that leaves were 12
and 19 percent of the total above-ground biomass in the two pinyonsjuniper \Qoodlands they
studied. If it is assumed that leaves comprise 30 percent of the forest litter for
gy:ﬁnosperms (Williams and Gray, 1974) and that the lifespan of these leaves is 2 to 3
years, the data from Ricklefs and Grier et al, suggest annual litter production rates that are

about 4 to 14 percent of the above-ground biomass.

Based on the preceding discussion, annual litter production in the coniferous forests
appears to be on the order of 3 to 10 percent of the above-ground biomass. Lacking the data
required to confirm the much lower rates of production observed by Grier et al, (1992) and
wishing to provide reasonably conservative estimates of the impacts of plant intrusion upon
MDA G, the midpoint of this range was selected for the bascline modeling. This relative

rate of production was multiplied by the biomass cstimate measured by Grier et al. for the



mature stand on pinyon-juniper to arrive at an above-ground litter production rate of 3.4

Mg/hatyr.

A comprehensive list of LANL-specific, plant uptake factors does not exist, In their
absence, the plaht uptake factors developed by Baes et al. (1984) were adopted to model the
uptake and assimilation of radionuclides from the disposed waste. That study does not
contain data for either H-3 or C-14. It was assumed that H-3 is not extracted from soils by
plants because the radionuclide sorbs minimally to the soil particles. The uptake factor
used for C-14 was adopted from work performed by Shepherd et al. (1991). Plant uptake
factors for a given element were assumed to be the same for grasses, forbs, shrubs, and

trees,

The thickness of the cover placed over the disposed waste hag varied over the
operational lifetime of MDA G, The thickness of the cover placed aver the earliest disposal
pits is estimated to be about 1 m, while the earliest disposal shafts have approximately 1.4
m of cover. Additional cover material may have been placed over some of these units as
waste storage structures were built on the ground surface. Starting in 1995, changes in
operational procedures called for the placement of 2 m of cover over all diéposal units at the
time of closure. Depending upon the nature of the waste disposed in a given unit, this total

cover thickness may be increased to as much as 3 m. For modeling purposes, cover depths

ranging from 1 to 3 m were evaluated,

Animal Intrusion Data

The types of information required to evaluate the impacts of animal intrusion at

MDA G are also the same for the early stages of succession and the climax condition, They

include:

e Animal species present at the site.
e Animal burrow distributions with depth,

e Soil madss transfer rates for animals.
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+ Thickness of cover over disposed waste,

, The wide range df plant communities at the Laboratory provides a diversity of
habitats. for wildlife species, The species of burrowing animals included in the updated
‘biotic intrusion medeling were selected to address changes at the site as 1t underwent ,

colagzcal succession from a disturbed state at the time of closure to its climax condmon A

summary of the mfomanon upon which species selection was based is provided in-the

followmg paragraphs

‘ Harvester ants (Pogonomyrmex spp.) are found in a variety of grassland habitats

throughout the wes'térh United States. The insects are a common inhabitant at MDA G,
and have been observed in the disturbed portions of the site as well as in the mature
pinvqn-juniper waodland that surrolunds the disposal arca. Harvester ants have also been
" observed in pinyon-juniper and ponderosa pine communities near the LANL (Carlson and -
Whitford, 1991). Zarn (1977) noted that ants (Forﬁaicidne) were predominant amang' the

invertebrates identified in pinyon-juniper woodlands in Arizona.

Small mﬁmmals have been trapped at two waste burial locations at MDA G and at
“contral or backgfqund sites from 1994 through 1997 in order to evaluate radionuclide
con;:cntr:;tiohs in tissues 61‘ the organisms (Biggs et al, 1995, 1997; Bennett et al,, 1997,
1998), One of the burial locations (Site 5) was recently disturbed, with poorly established
vegetation cohsisjcing of spacies typical of disturbed sites; the other burial location (Site 7)
has been partially disturbed and has a mix of native plant species and species associated
with dismrbe& areas. The background or contrel sites sampled throughout the peried-

consist of undisturbed pinyon-juniper woodland.

The majority of the animals trapped at the two burial sites over the years have been
deer mice. From 1994 through 1996, the deer mouse (Peromyscus maniculatus) was the

only species caught at Site 5, two western harvest mice (Reithrodontomys megalotis) and a

pocket gopher (Zhomomys spp.) were caught there in 1997, In addition to deer mice, a

single western harvest mouse was trapped at Site 7 in 1995, 1996, and 1997; four harvest
Deer and pinyon mice

mice and one brush mouse (Peromyscus boylit) were caught in 1997,




(Peromyscus truei) were the predominant species collected at the pinyonsjuniper woodland
sites. Other species collected include western harvest mice, brush mice, and silky pocket
mice (Perognathus flavus). While the trapping efforts of Biggs et al, and Bennett et al, have
indicated relatively little in the way of pocket gopher activity, the presence of these animals
at MDA G has also been verified through visual observations, Gopher mounds have been

found near several disposal shafts, and have been intercepted in the course of conducting

vegetation transects at the site. .

Additional information about the species of small mammals that are likely to inhabit
pinyon-juniper woodlands can be found in the form of distribution maps developed for Los

Alamos County. These maps show common inhabitants of the six major plant communities

found a: the Laboratory (DOE, 1979). Species shown for the pinyon-juniper woodlands

include the deer mouse, pinyon mouse, Colorado chipmunk (Eutamias quadrivittatus),

woodrat (Neotoma spp.), and mountain cottontail (Sylvilagus nuttalli).

Zarn (1977) summarized the work of several investigators who characterized the
species of small mammals found in pinyon-juniper woodlands in Utal, western Colorado,
and Arizona. Species found in those woodlands include deer mice, western harvest mice,
brush mice, Great Basin pocket mice (Perognathus parvus), pinyen mice, northern
grasshopper mice (Onychomys leucogaster), longtail voles (Microtus longicaudus), Mexican
voles (Microtus mexicanus), sagebrush voles (Lagurus curtatus), Great Basin kangaroo rats
(Dipodomys microps), least chipmunks (Eutamias minimus), rock squirrels (Citellus
varicgatus), and several species of woodrats and lagomorphs (Lepus spp., Syluilagus s;:;p.).
In a food habits study conducted in western Colorade, Haufler and Nagy (1984) found deer
mice, plains pocket mice (Perognathus flavescens), golden-mantled ground squirrels
(Citellus lateralis), bushytail woodrats (Neotoma cinerea), least chipmunks, and mountain

cottontnils associated with disturbed and undisturbed pinyon-juniper woodlands.

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

deer mouse, pocket gopher, and least or Colorado chipmunk, Other species observed in the

mature pinyon-juniper woodland are expected to pose little or no threat in terms of
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biointrusion. Voles tend to restrict burrowing activities to depths less than 1 m: woedrats
generally live among rocks, cliffs and vegetation, and do not establish burrows for cover or

foraging. While cottontail rabbits may establish burrows for cover, these excavations are

not expected to extend to great depths.

The animal species included in the biotic intrusion modeling were evaluated in
toerms of their likelihood of occurrence at MDA G ig its early successional stages and once it
has reached a climax condition. The harvester ant was assumed to be present at MDA G
during both periods. This is consistent with observations of the species in both habitats at
the LANL and the occurrence of the insects in the pinyon-juniper woodland studied by

Carlson and Whitford (1991).

The deer mouse was selected to represent the various species of mice (e.g.,

Peromyscus spp., Perognathus spp.) that may inhabis MDA G over time.' The deer mouse is
currently the most common mouse species at MDA G, and is expected to be a commen
inhabitant during early successional stages at the site. As suggested by the trapping ciata
of Biggs ct al. (1995, 1997) and Bennett et al, (1997, 1998), other species of mice (e.g., the
pinyon mouse) may become more common as the site progresses towards pinyon-juniper
woodland. However, rather than try to model the temporal dynamics of several species of
mice, the deer mouse was used to represent the general mouse population. This approach
is valid as long as the modeled bui-rowing characteristics of the deer mouse (i.e., burrow
distribution with depth, burrow volume, and burrow density) prdvide reasonable estimates’

of the collective impacts of the mice species that are actually present at any given time.

Pocket gophers are expected to reside at MDA G as long as the site is in a relatively
disturbé& condition. Visual obscrvations at the site indicate ﬁhe'species prefers disturbed
areas, the animals are generally less common in the pinyon-juniper woodland. Where
pocket.gophers do occur in the woodland habitat, they tend to occur cither in very limited
areas or in. disturbed areas such as those that occur along the sides of roads. Based on
these observations and the faunal studies described above, the pocket gopher was not
assumed to be preseni at MDA G when the site was in its climax condition. Chipinunks

were assumed to be present only in the mature woodland.  These animals have not been-
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observed or trapped near the disposal units at MDA G, but are commeon inhabitants in

mature pinyon-juniper woodlands (see discussion above).

Animal burrow distmibutions with depth provide the basis for determining the
proportion of burrows that penectrate the waste and the maxdmum depth of intrusion.
Hawever, relatively little information of this type exists, McKenzie et al. (1982) conducted

_a literature review of existing information for species of burrowing animals that may occur
at low-level waste disposal sites. Some of that information addresses species included in

the updated biotic intrusion modeling, and is summarized in Table 2-8.

Table 2-8. Burrow depth distributions for MDA G animal species.”

Puergent of Burrow Systems Within Indicnted Depth Interval

Harvester Ants 7.0E-01 1LO0E«01 1.0E~Q1 5.0E«Q0 5,0E«00
Poeket Mice und 5.0E+01 4,0E-01 5.0E+00 S.0E+00 Q.0E+00
Kangoroo Rats

Pocket Gophers 8.5E+01 15E«01 0.0E«00 0.0E-00 0.0E«00

Ground Squirrels 5.0E~01 3.0E+01 1,5E+01 5.0E~00 0.0E+00

a. Source: McKenzie et al, (1982).

More recent evaluations of animal burrows add to the data assembled by MeKenzie
et al, (1982). In their work in southeastern Idaho, Reynolds and Laundre (1988)
characterized the distribution of burrows for four species of rodents, including three
relevant to the present study. Of the 43 deer mouse burrows examined, none extended
deeper than 50 em. Burrows of Ord’s kangaroo rat (Dipodomys ordi) and Townsend's
ground squirrels (Spermophulus townsendit) extended to depths of 90 and 140 em,
respectively, Williams and Cameron (1990) measured the depths and diameters of 399
burrow systems of Attwater's ﬁocket gopher (Geomys attwateri) near Corpus Christi, Texas,
Depths to the tops of feeding tunnels ranged from 18 to 21 cm. Kawamichi (1989) examined
the burrow structure of Siberian chipmunks (Eutamias sibiricus) as a function of season.
The deepest burrows were excavated when the animals were preparing to hibernate, These
burrows averaged 79 to 83 cm in depth, and extended as deep as 107 cm. Sources cited in

Gano and States (1982) indicate that the burrows of the eastern chipmunk (Tamias
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strigtus) and western species of chipmunks (Eutamias spp.) generally extend to depths of

30 to 40 cm.

Some observations exist on the depth of burrowing in pocket gophers that are
specific to thlc Laboratory. Tierney and Fosxx (1987) observed gopher burrows at depths of
95 to 110 em during the excavation of plant roots. Gonzales et al. (1995) evaluated the
impacts of pockct gopher burrowing on erosion usiné simulated waste cavers. Pocket
gopher activity extended to a depth of 1.5 m in that study. On the other hand, results from
a study conducted by Hakonson et al. (1981) suggest that:. gophers had not penetrated into

waste below a 1.25-m cover over a four-year period.

The burrow distribution data presented by McKenzie et al. (1982), shown in Table
2.8, were relied upon heavily to model the impacts of animal intrusion at MDA G. The
burrow distribution shown for harvester ants was applied directly to the MDA G modeling.
The burrowing data for pocket mice and kangaroo rats were assumed to represent the
burrow distributions of the deer mouse and all other mice species present at MDA G. As
indicated by the work of Reynolds and Laundre (1988), this distribution is expected to
overestimate the depths to which deer mice, and possibly other species of mice, burrow.
However, given the lack of site-specific burrowing data and the desire to represent several
different species of mice with a single burrow distribution, these data were adopted for use

in the biotic intrusion medeling.

The burrow distribution presented by McKenzie et al. (1982) for pocket gophers
indicates no penctration to depthy greater than 1 m. However, as discussed above, burrows
have been observed at depths in excess of 1 m under natural and eﬁcperimental conditions.
Based on these observations, the burrow distribution presented by McKenzie et al, (1982)

was modified for the MDA G biatic intrusion modeling, Specifically, the maximum depth of
penetration was increased to 1.5 m and the fractions of the burrow systems falling within

the 0 to 0.5:m, 0.5 t0 1 m, and 1 to 1.5 m intervals were set equal to §0, 15, und 5 percent,

respectively.
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Comprehensive data sufficient to describe the burrowing distribution of ¢hipmunks
were not available in the apen literature, Lacking this information, the burrow distribution
data presented by McKenzie et al. (1982) for ground squirrels were used to represent the
impacts of these animals, These data are expected to overestimate the depths to which
these animals burrow, as supgested by the data collected by Kawamichi (1989) and the

sources cited by Gano and States (1982).

Using the burrow data discussed above, least squares regression analyses were
conducted to generate continuous burrow distributions as a functien of depth., These
functions were developed in order to evaluate the impacts of biotic intrusion for cover
depths that were not e¢ven multiples of 0.5-m intervals. The burrow distribution curves

generated by these analyses 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 burrows occurring within a given interval. The proportion of burrows that extends inteo
the waste is calculated by subtracting the cumulative frequency shown for the cover
thickness of interest from 1.0, For instance, the proportion of the burrows of harvester ant
burrows that penetrate a l-m cover is 1,0 minus the cumulative frequency predicted by the
regression equation depicted in Figure 2.8, The predicted frequency is 0.83, indicating that
17 percent of the burrows of this species will penetrate into waste disposed beneath a 1-m
cover. This approach was used to estimate the proportions of burrows penetrating into the
waste for the four animal species over a range of cover depths. The results of these
calculations are shown in Table 2.9, Maximum burrowing depths for the different species

are also included in the table, and were taken from the burrow duta discussed above,

The soil mass transfer rate for a species of burrowing animal, m,; in Equation (4), is
a function of the burrow density. the mass of material removed {rom each burrow, and the
proportion of new burrows excavated ench year, If it is assumed that cach animal (or
colony in the case of harvester ants) constructs a single burrow, the density of burrows at
MDA G is equivalent to the animal (or colony) density. The product of the burrow density
and the mass of the excavated soil yields the soil mass transfer rate for the year in which

the burrow systems are established, Transfer rates for succeeding yenrs may differ
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Figure 2.6, Burrowing depth distribution for harvester ants,
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Table 2-9. Proportions of animal burrows that penetrate
into the disposed waste and maximum -

burrowing depths.
Maximum

. Burrowing
’ ‘ , : , Depth
Animal Spegies Cover Thickness (m) (m):

1 - 3
Harvester Ants 1.7E-01 3.5%-02 0.0E+00 2,5E+00
Deer Mice , 1.5E-01 0.0E+00 0.0E~00 2.0E«00
Pocket Gophers . 5.0E-02 0.0E+Q0 0.0E+00 L5E+00
Chipmunks 2.0E-01 0.0E+00 0.0E~00 2.0E+00

depending upon whether animals use burrows for more than one year and whether animal

(or colony) densities are changing at the site,

The baseline biotic intrusion modeling did not attempt to simulate snimal
population dynamics at MDA G as the site passed through the early stages of succession
and into the chmnx condition. Rather, two simulations were used to rcpmaent what may be
best described as steady-state reprcqentatxons of the site as it exists as grass- nnd shrub.
land, and mature woodland. Consistent with this npprong:h. no distinetion was made
between soil mass transfor rates for the first and subsequent years of the site simulations.

Instead the long-term burrow renewal fractaon for ench species was assumed to apply for

the first and all succeeding years of the sxmulahons

The soil mass transfer rate calculated for harvester ants is 3.9x10” kg/m'/yr. The
burrow density was set cqunl"' to 31 burrows/ha, bused on the median value of ant colony
densities reported in the open literature (Blom et al, 1991; Kecler, 1993; Porter and
Jorgensen, 1988; Soule and Knapp, 1996). Work conducted by Carlson and Wh::ford (1991)
' mchcm:ed that cach colony of harvestcr ants mhnbmng pinyon-juniper woodlands near Los.
Alnmos brought an o.vernge of 38 kg of seil to tho surface. This value wasy used as :he basis
for the baseline modelmg The proportion of burrows estabhshed each year will depend_
upon the: llf&spnn of the mdmduul colonies and whether the number of colomes at MDA G-
is mcreasxng. decreasmg. or remmmng consr.ant over time, Data from the open hternmre

indicate life-spans _foxj.harvester ant colonies ranging from 5 to 58-years under a variety of”




conditions (Keeler, 1993; Porter and Jorgensen, 1988). Colonies evaluated for a number of
studies survived for about 30 years, this life-span was adopted for the bascline modeling. If
it is assumed that the colony population is constant, a life-span of 30 years translates to an

average rate of colony replacement of 3.3 percent of the burrows per year,

The soil mass transfer rates for the species of small mammals inciuded in the biotic
intrusion modeliné were developed using the information shown in Table 2-10, Seil mass
transfer rates for mice were calculated using animal densities estimated by Biggs et al.
(1995, 1997) and Bennett et al. (1997, 1998) and the average burrow volume calculated by
MecKenzie ot al. (1982) for pocket mice and kangaroo rats, As discussed earlier, Biggs et al,
and Bennett ¢t al. trapped small mammals over closed MDA G disposal units and in
undisturbed pinyon-juniper woodlands from 1994 through 1997, Estimates of total animal
densities at these sites are summarized in Table 2-11, For the disposal site in the early
stages of snccession, the total density of mice was estimated as the average of the density
estimates for the two waste burial sites, This yielded a density of 19.2 animals/ha, The
density of mice in the mature pinyon-juniper woodland was set equal to the average density
at the control and background sampling locations, or 5.2 animals/ha. The volume of soil
excavated per burrow was defined using the average volume specified by McKenzie et al,
for pocket mice and kangaroo rats, this volume was converted to a mass using an average
soil density of 1,300 kg/m’. The proportion of new burrow systems per year was set equal to

0.90, which is the approximate midpoint of the range estimated by McKenzie et al, (1982)

for pocket mice and kangarco rats,

The soil mass transfer rate for pocket gophers was based directly on the data
provided by McKenzie et al. (1982), shown in Table 2.10. It is equal to the product of the
average scil removal rate (8.3 m*/ha) and the proportion of burrows replaced euch year, A
burrow renewal rate of 0.9 was used, the approximate midpoint of the range given in
MecKenzie et al. The amount of soil excavated per burrow by chipmunks was assumed to be
0.5 m*ha, the average value listed by McKenzie et al, (1982) for ground squirrels. The
proportion of new burrows excavated each year was set equal to 0.75, the midpoint of the
range provided by McKenzie et al, for ground squirrels. Transfer rates for pocket gophers
and chipmunks were converted to a mass basis using a soil bulk density of 1,300 kg/m”,
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Table 2-10. Animal density and Liurow data used to estimate
so0il mass transfer rater. ‘

Soil Masn Proportion
Transfer of New

Animal Demnty

(individunlshu) Burrow Volume (m" Rate for Burrow
Animal } FPirst Yenr Systems per
Spegies Range  Averpge Range. _Avernge - _(m/hn) b (Y:1J

Duar Mico at 10E~01to 1LOE+01 3,0E.03to 14802 - 2.7E-01 T5E-01 to LOE«00

. Disturbed Siter, . 3.2E+01 . 1.0E.01 .
S5.2E«00  3.0E.03to 14E.02 7.3E.02 7.5E-01 o L.OE«00

Mico in Moture 1.5E+00 to

Woodland 8.7E+00 . 1.0E-01

Pocket Gophers  2.0E+00 to - 5.1E.01te  8.3E+00° 8,.3E+00 5.5E-01 to LOE+00
. 12E«02 8.2E+01"

Chipmunks 5,7TE«00 to 2.5E+«01 8.0E-03 to 2.0E-02 5.0E-01 5.0E-01 to L.OE«00

THE«01 7.7E-02 '

a. Estimate of volume of soil excavated in m“ha.

R Table ﬁ-ll. Small mammal densities at MDA‘Gand background/control areas."

—_Animpl Density. (individualsba) Mean Density
‘ Site® . 1994 1995 19986 1997 !msi::nd;; 1sha)
Waste Burial Site ¢5) ©  2.4E+01  3.2E+01 2.3E+01 1.0E+01 2.2E+01

Waste Burial Site (7) 21E+01 14E+«01 1,1E«01 1.9E«0Q1' 1.6E+01
3.3E+0Q0 w~— 1.5E+00 7.7E+00 4.2B-00

Control Sito(8)
Background Site (9) - 8,7E+00 aan 3.9E+00 6.8E+00

a, " Source: ‘Biggs et al. (1995, 1997) and Bennett et al. (1997, 1998)
b, Values in parentheses indicate the site number, as assigned for the 1997 trapping.

Characteristics of these sites are provided in the text.

¢. Number of animals does not include one pocket gopher trapped at the site.

As discussed carlier, the thickness of the cover placed over the disposed waste at

MDA G has varied over the lifetime of the facility. The amount of cover that has been .

placed over disposal units in the past has ranged from 1to 2 m, Current operational plans
call for all units to be covered with a minimum of 2 m of clean material. However, this total
cover thickness may be increased to as much as 3 m if the need arises. Given this, the

baseline modeling evaluated the impacts of animal intrusion for cover depths ranging from

lto3 m.




2,3.2' Uncertainty Analysis Data Sclection
L 4

The uncertainty analysis conducted in support of the biotic intrusion modeling for
the MDA G performance nssessment and composite analysis examined the impacts of a
greater proportion of plant roots penetrating the disposcd waste and intrusion into the
waste by pocket gophers. As discussed earlier, these uncertainties and those associated
with otl':er aspects of the atmospheric pathway led to the conclusion that the performance
objectives for the composite analysis may be exceeded under worst-case conditions. Given
the unacceptable nature of this conclusion, a more extensive analysis of the uncertainties
associated with the biotic intrusion source release model was undertaken as part of the
updated modeling, The results of this analysis, in conjunction with updated analyses on
other aspects of the atmospheric pathway, will permit a more rigorous evaluation of the

disposal facility’s ability to satisfy the performance objective for this expesure scenario.

A probabilistic approach was taken to evaluate the impacts of parameter
uncertainties on the projected rates of radionuclide release following biotic intrusion,
Adoption of this approach required the estimation of parameter distributions for the
variables that enter into the plant and animal intrusion models shown in Section 2.2,
These include the fractions of plant roots and animal burrows that penetrate into the

disposed waste, plant radionuclide uptake factors, litter production rates, and mass

transfer coefficients for burrowing animals. The waste cover thickness uand soil bulk

density are also input parameters for the biotic intrusion models, but were assumed to

remain constant for the probabilistic uncertainty analysis,

The proportion of plant roots that penetrate the waste, | in Equations (1) and (2), is
a function of the rooting characteristics of the vegetation and the thickness of the cover. As
discussed ecarlier, regression analyses were conducted to estimate composite rooting depth

distributions for grasses, forbs, shrubs, and trees. The variability in the genera and

species-specific data used to generate these distributions was used to estimate distributions

of the proportion of roots penetrating the waste for each vegetation type.
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The process used to estimate distributions for f, may be illustrated with the data

used*to develop the composite rooting distribution for grasses. These data, and the
regression curve developed to represent them, are shown in Figure 2-1. The distribution for
£, for a given cover thickness was estimated by the distribution of gex;er.'.i or*speciesgspedﬁc‘
root frequencies at the two depths bracketing that cover thickness, For examp'le.«‘the

distribution of rooting frequencies at 91 and 122 em were used to estimate the variability in

-i;‘, for n cover thickness of 1 m. The rmmmu.m and moaximum cumulative rooting.
freque acies at these depths were identified and used to estimate the minimum and
mmczmum proport:zcns of roots that penetrate iato ‘the waste. The parameter 1, was
assumed to have a triangular distribution with endpoints defined by these’ minimum and
maximum proportions, The fraction of roots. projected to penetrate the waste by the
rcg'rcssxon equcmon was assumed to be the most likely value.” This process was rcpeated to

estimate distributions of f, for each plant growth.form for cover depth:: of 1,2, and 3 m.
Variability ‘in litter production and decay rates will lead to uncertainties in
projcct:ichs of the rate at which contamination assirailated by plants eaters into the surface
soil. The baseline modeling assumed that the amount of grass and forb litter decaviﬁg to
form sail each year was equivalent to the measured or estimated yzelds for these growth-
forms. Consxstcnt with this approach, dlstnbutxons for litter production rates at che
recennly closed and climax sxtoq were defined usmg the production data presented in Tables
2.3 and 2-6. For the unccrtamtv anaiysm, distributions of these production data were
developgd and used to represent distributions for litter production, Yields of grasses and
forbs were assumed to have t:n:angtilar distributions with most likely values set equal to the
median yields used in the baseline modeling. The minimum and maximum values were
defined based'on the range of the data for cach growth-form. All litter was assumed to:

‘decompose to form soil in the year in which it was gencrated.

'As’dis:ussed' earh‘ef, shrub litter production rates for the early successional and
climax stages of MDA G were estimated as’the product of the inverse of the biomass
agcﬁmﬁlan‘oa ratio for shrublands and the production values for ti:e two communities, This
same approach was used for the uncertainty analysis. The biomass accumulation ratios
were assumed to have a triangular disﬁibution. The endpoints of the distribution were




defined using the range of biomass accumulation ratios provided by Whittaker (1975) for
shrublands, while the most likely value was set equal to the mid-point of this range. Shrub
biomass was also assumed to have a triangular distribution. The minimum, most likely,

and maximum values were defined using the minimum, median, and maximum production

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

Few data exist to characterize the quantity of litter generated annually by trees.in
mature pinyonejuniper woodlands, making the development of a distribution for this
parameter particularly difficult., As discussed carlier, annual litter production rates for
coniferous trees appear to be on the order of a few percent of the above.ground biomass,
For the uncertainty analysis, the relative rate of production was assumed to have a
triangular distribution with minimum, most likely, and maximum values of 3, 6.5, and 10
percent. These proportions were multiplied by the above-ground biomass of the woodland
to determine annual litter production rates, The distribution for above-ground biomass was
estimated using the data of Grier et al. (1992) and Meeuwig (1979), discussed in Section
0.3.1. Biomass was also nssumed to have a triangular distribution with a most likely value

of 53 Mp/ha, the value used as the basis of the baseline analysis. The minimum and

maximum values of the distribution were 22 and 121 Mg/ha.

The radionuclide plant uptake factors characterize the extent to which contaminants
in the wasto are taken up by the roots and assimilated by the vegetation. Baes et al. (1984)
conducted an extensive literature review of terrestrial transport and agricultural
parameters to estimate the uptake factors used in the March 1997 performance assessment
and composite analysis, In general, plant uptake factors were found by these investigators
to be lognormally distributed. For those elements for which sufficient data existed,
geometric means and standard deviations of the plant uptake factors were provided. In

most cases, the geometric means of the distributions were adopted as the best estimate of

plant uptake factors for leafy vegetation,

The data developed by Baes et al, (1984) were used as the bagis for defining
distributions for root uptake factors for the biotic intrusion medeling, While geometric

means and standard deviations could be adopted directly from the report for many
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elements, this information did not cxist for others, Included among the elements for which
this information was absent were those that made significant contributions to the
atmospheric pat:hway exposures projected for human receptors following biotic intrusion.

acking the desired data, the root uptake factors for all elements were assumed to be
lognormally distributed with a geometric mean equal to the factors used in the baseline
modeling and a geometric standard deviation of 3, The standard deviation of 3 is the
approxamate average of the standard deviations reperted by Baes et al. for the elements for

which distributions could be estimated.

As discussed in Section 2.2.1, there is little in the way of detailed data describing the

distribution of burrows with depth for burrowing species. Consequently, it was not possible

to develop distributions for the proportions of animal burrows that penetrate into the

'disposed waste, parameter f, in Equations (3) and (4). FHowever, the impacts of

uncertainties associated with the degree of intrusion into the disposed waste were

evaluated in terms of the soil mass transfer rate.

The soil mass transfer rate for a given species of animal is a function of the burrow
density, the mass of soil excavated per burrow, and the proportion of new burrows

excavated cach year. Distributions of these parameters were estimated for the harvester
ant, and used to develop a distribution for the soil transfer rate. A distribution of harvester

ant burrow. or colony, densities was developed using measured colony densities from the -
open literature (Blom ct al., 1991; Keeler, 1993; Porter and Jorgensen, 1988; Soule and
Knapp, 1996). A triangular distribution was used to represent these data, setting the most

likely value to the deﬁsicy used in the baseline modeling and the minimum and maximum

to the lowest and highest densities reported by these studies.

Limited information exists on the mass of soil excavated by each ant colony. Rogers

and Lavigne (1974) estimated that an average of 2.8 kg of soil was excavated by harvester

ant colonies in northeastern Colorado. Based on this seil volume, the maximum soil

removal rate observed-in four colonies was 87 kg/ha, These values are low relative to data
collected by other investigators. Carlson and Whitford (1991) estimated that the average'

mass of ant mounds in pinyonsjuniper woodlands near Los Alamos was 38 kg, while the
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mass of mounds in a ponderosa pine community averaged 48 kg, The total soil removal
rates in both communities were about 650 kg/ha, While per burrow mass data were not
provided. Briese (1982; cited in Carlson and Whitford, 1991) reperted that ants in a
semiarid shrub steppe in Australia turned over 350 to 420 kg of soil annually, Whitford et

al, (1986) found ants in castern New Mexico moved an average of 840 kg/ha to the surface

on a seasonal basis. While neither average mound masses nor colony densities were
provided in the stludies by Briese and Whitford et al,, the total soil removal rates suggest
that the average mass of soil excavated by each colony will be greater than that estimated
by Rogers and Lavigne (1974). Based on this rationale, the mound mass per harvester ant

colony was assumed to have a triangular distribution with minimum, most likely, and

maximum values of 2.8, 38, and 48 kg,

The proportion of new burrows constructed by harvester ants each year was
estimated bnsed on the assumption that the density of colonies at MDA G is constant over
time. Under these conditions, the proportion of new burrows per year is the inverse of the
colony life-span. Life-spans were assigned a triangular distribution using data from the
open literature (Keeler, 1993; Porter and Jorgensen, 1988). The 30-year life-span used in
the baseline was the most likely value, while the minimum and moximum life-spans were 5

and 58 years.

The wvariability in soil mass transfer rates for species of mice was represented using
arumal densities estimated by Biggs et al. (1995, 1997) and Bennett et al, (1997, 1998), and
burrow information from McKenzie et al. (1982). Mouse densities at MDA G when the site
is in its early successional stages were assumed to have a triangular distribution with
minimum and maximum values of 10 and 32 animals/ha. These endpoints represent the
range in densities found at the two waste burial sites over the 1994 to 1997 trapping period
(Table 2-11). The upper end of this range is in general agreement with information
provided in Burt and Grossenheider (1980), which indicates that densities of 25 to 37
animals/ha in the summer months is high, The most likely animal density was assumed to
be 19 individuals/ha, the average value used in the baseline modeling, A similar approach
was used to gcnérate a distribution of mousc densities for the mature pinyon-juniper

woodland. Animal density was assumed to have a triangular distribution with endpoints
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equal to 15 and 8.7 animals/ha, the range of densities estimated by Biggs et al. and

. Bennest et al. The most likely value was set equal to 5.2 animals/ha, the average density
'used in the baseline modehng The volumes of the bun-ow% construcced by all species of
mice were assumed to have a triangular distribution, with cndpomts defined by the range
of burrow volumes reportcd by McKenzie et al. for pocket: mice and knngnroo rats (Table 2-
10). The average bun‘ow volume for these species was used as the most likely value.
Burrow volumcs were converted to o mass basis using a soil bulk density of 1,300 ke/m’.
Finally, the prnpamon of new burrows construeted annually was assumed to range from -

0.75 to 1.0, with a most likely value of 0.9.

The uncertainty associated with the soil mass transfer rate for pocket gophers was
represented using the data presented in McKenzie et al. (1982), shown in Table 2-10. The
amount of soil brought to the surface was described using a triangular distribution with -
minimum, most likely, and maximum values of 0.51, 8.3, and 82 m’/ha. respectively. The
propomon of new burrow systems constructed each year was also assumed to have a
mangular distribution, with minimum, most likely, and maximum values of 0.75, 0.9, and
1.0, The data reportéd by McKenzie et al. for ground squirrels were used to develop-
distributions of.animal densities and burrow velumes for chipmunks. Tn‘ahgular
distributions were assumed for both parameters, the endpoints of which were defined by

the ronges. provided in Table 2-19. The most likely values were set equal to the average

values reported by McKenzic et al. (1982). The proportion of new burrow systems

constructed each year was assumed to have a triangular distribution, with a minimum
value of 0.5, a most likely value of 0,75, and a maximum value of 1.0. Mass transfer rates

for the pocket gopher and chipmunk were converted to a mass basis using a soil bulk

density of 1,300 kg/m’.




3. BIOTIC INTRUSION MODELING RESULTS

The results of the updated biotic intrusion medeling for MDA G are presented below.
Section' 3.1 presents the baseline modeling results, and compares them to modeling results
obtained using the data developed for the March 1997 draft of the MDA G performance
assessment and composite analysis (LANL 1997). Results from the probabilistic
uncertainty analysis and sensitivity analysis are discussed in Section 3.2, Some general

conclusions about the impacts of biotic intrusion on the ability of MDA G to safely contain

the waste are provided in Section 3.3.

3.1 BASELINE MODELING RESULTS

The baseline modeling considered the impacts of biotic intrusion upon MDA G under
two sets of conditions. These conditions address the disposal units during early succession.
and following the establishment of pinyon-juniper woodland acress Mesita del Buey.
Projected impacts were evaluated for radionuclides with plant uptake factors ranging from

10" to 100, fer a period of 10,000 vears,

The normalized soil radionuclide concentrations projected for MDA G during carly
succession are shown in Figure 3.1 for disposal units with 1 m of cover, Depletion of soil
contaminant concentrations due to radioactive decay is not accounted for in these results,
Plant intrusion is the dominant mode of radionuclide transport for isotopes that have high
plant uptake factors, these factors are denoted by the variable B, in the legend of the figure.
Soil concentrations projected at early times in the simulation decline about an order of
magnitude as the plant uptake factor decreases from 100 to 10, Rates of decline slow with
further decreases in plant uptake factor, as contamination excavated by burrowing animals

plays a greater role in determining surface soil concentrations, Animal burrowing is the
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Figure 3-1. Projected soil concentrations for disposal units with 1 m of
' cover - carly succession.
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dominant mode of radionuclide transport for isotopes with plant uptake factors of 0.1 and
less. The concentration curves for these isotopes overlap with one another because the

rates of soil excavation are independent of the properties of the radionuclides.

Projected so0il concentrations for radionuclides with very high plant uptake factors
decrease over time as the waste inventory is depleted and as relatively clean soil brought to
.the surface by animals dilutes the contamination deposited by plants. In contrast, soil
concentraticns of radionuclides that are primarily transported to the ground surface by
burrowing animals increase over the 10,000-year period, due to the slow rate of waste

excavation. Concentrations of these radionuclides are diluted somewhat by relatively

uncontaminated plant litter that falls and decays to form soil,

Radionuclide concentrations in surface soils decrease as the cover thickness over the
disposed waste i8 increased. This is shown in Figures 3-2 and 3-3, which present
normalized concentrations over disposal units with 2 and 3 m of cover, respectively. For the
disposal units with 2 m of cover, soil concentrations of radionuclides with plant uptake
factors greater than 107 are dominated by plant processes. Animal intrusion has an
increasing role for radionuclides with plant uptake factors of 107 and less. Projected soil
concentrations for disposal units with 3 m of cover are directly proportional to the plant
uptake factors over the entire range of factors evaluated. This is due to the fact that
animals are not projected to penetrate into the waste placed in these disposal units, For
both sets of disposal units, concentrations of radionuclides with plant uptake factors of 100
decline slowly due to inventory depletion and dilution of contaminated litter with soil
excavated by animals, Soil concentrations of radionuclides with plant uptake factors of 10

or less remain essentially constant over the simulation period,

The results shown in Figures 3-1 through 3-3 will tend to overestimate the actual
impacts of biotic intrusion at the site for the first few years of the simulations, This is

because the modeling assumes that the plant and animal communities are present at the
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indicated. icvels as soon a8 the facilify closes, In fact, while annuals will invade the sitein a
. rapid fashxon, perenmal grasses and forbs will become esmbhshed over a period of a few
| years; bhrubs w:ll require even longer penods of time to become eqtabhshed at. tbe levels.
=smmated for the biotic: mtrusmn modehng Sumlarlv burrowmg' ammnls wxll graduanv

" colonize the site and csmbhsh burrow systems overa penod of time.

The projected soil concentrations for MDA G in its climax condition are shown in

Figures. 3-4"thi'oﬁgh 3-6. These concentrations do not account for the depletion of

radxonuclxdes by radxonct:we decay.. The times shown in the figures refer to the amount of

mme since the start of the climax condition. As discussed earlier,. r.he amount. of time

required for the site to appronch or attain a climax condition is evpected to be at least 100
years, and morc likely on the order of "00 years or more. Consequently, the tlmes shown in

Figures 34 t:hrough 3-6 oceur well aftcr the end of f‘mhty operations.

For the disposal units with 1 m of cover, concentrations of radionuclides with high
plant uptaké‘f:@czqrs are 12 t§ 14 times greater at ;he climax site than they are during early
succession (Figures 3-1and 3-4), This difference 18 the result Qf the presence of trees in the
plant community, and the ai:sence of pocket gophers in the woodland. While the degree to
which the i'oots of trees penetrdte the waste is comparable to that:‘of the other growth-
forms, the amount of htter generated bv the trees is pro_)ected to be much larger- than the |
.amount produccd by g'rnsses. forbs. und shrubs combined. As a result, larger amounts of
contamination will be mcorpora:cd into the soil as plang mnterml decomposes, The effect of
the pocket gopher is related to the degree to which contamination doposmed on the ground
in the form of litter is chluted in relatwelv uncontaminated soil, When present the gopher
excavates large qunnnnes of soil that has radionuclide concentrations that are much lower
than :hoée.foun'd in the litter, Consequently, the soil effectively dilutes the contamination '

deposited s litter. When the species is absent, us it is assumed to be in ‘the mature

woodland, less soil is Brought: to the surface resulting in less dilution and higher soil

concentrations.
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Figure 3-6. Projected soil concentrations-for disposal units with 3 m of
cover - climax condition.
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Projected soil concentrations of radionuclides with low plant uptake factors are 10 to
44 percent less in t'.he climax condition than for disposal units with lm of cover during
early succession. Less total contammutxon 18 brought to-the surface by the animals in the
woodland cemmunity. Furthermore, the large quantities of litter genecrated by trees in the

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

decomposition of litter dilutes the contamination brought to the surface by animals.

Large differences nlso exist between the soil concentrations proJect:ed for climax

condmcns and early successxon for the disposal units with 2 and 3 m of cover. For the units
with 2 m of cover, concentramons of radionuclides with high plant uptake factors under
climax’ condmons are almost "’0 times greater than the levels eqtzmated for the early stages
of succession (Figures 3-2 and 3-5). Unlike the sztuat;:on noted above for disposal units with
1 m of cover, concéntmﬁoris of radionuclides with low jalant uptake factors are also greater
than the conccntrat:ons projected for the carly successional stages, In this case, the ,
concmmnnmon r.hat: 18 depoqxted as tree litter plays an unportnnt role in the overall unpacts
of biotic mt:ruszon oven when the plants have only a lumted ability tn assimilate the
r'xdmnuchdes. Chmax concentmnonb of all radionuclides over the disposal units thh 3m
of cover are almost 30 tzmcs greater than the concentmmons projected for the site dunng
. Plant uptake is the on]y way in’ which

enrly succcssmn (Fzg'ures 3-3 and 3-6).
The contamination

cont:nrmnamon may be brought to the surface over these units,
'dcpoqzted a8 litter” undergoes less dilution in the climax woedland due largcl} to the

absence of t:he pockct: gopher

As dxscussed earher 1t was assumed m the March 1997 draft of the MIDA G

performance assessment and composxte :malysxs that maintenance of the closed disposal
site prevented ‘the establishment of deep-roomng plants and extensive burrowing by
animals,  The effect this ussumpmon has upon the projected impacts of biotic i mtrus:on may
be determined by comparmg the results {rom the updated biotic intrusion modelmg with
correspondmg resulr.s from the earlxer modehng These compansons are shown for disposal
units with 1 m of cover in Figures 3.7 and 3.8, Fxgure 3-7 compares t;he results of the
updated modehng for’ the site in its early successional stages with the results from ,the'
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Figure 3-7. Comparison of carly succession site concentrations to 1997 model
concentrations.
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modeling used for the MDA G performance assessment and composite analysis. The results
for the climax condition of the site are compared to the prior modeling results in Figure 3-8,
All comparisons are shown as the ratio of the updated soil projections (i.e., for the site
during early succession and in its climax condition) to the soil concentrations projected

using the 1997 baseline model, These ratios are shown as a function of time and for a range

of plant uptake factors.

Soil concentrations projected for radionuclides with high plant uptake factors during
the early stages of succession are less than the concentrations projected using the MDA G
performance assessment mode} for early simulation times (Figure 3-7). While the extent of
plant intrusion is greater in the updated modeling, so too is the degree to which animals
burrow into the site, The greater amounts of soil brought to the surface by animals in the
updated modeling dilutes the additional contamination taken up by plants, yielding soil
concentrations lower than those estimated for the performance assessment and corx.zposite
analysis, Differences in litter production rates and plant rooting depth distributions cause
the concentrations projected using the 1997 model to decreasc more rapidly than seen for

the updated modeling. As a result, the concentrations projected for the site during carly

succession eventually exceed those estimated in the 1997 modeling,

Concentrations of radionuclides with low plant uptake factors are similar between
the site in early succession and the sgite as it was modeled in 1997 for carly simulation
times. As time passes, however, surface concentrations projected by the updated modeling
mount beeause more extensive penetration of the waste by burrowing animals occurs.
While the updated concentrations are 34 percent greater than those projected by the 1997
models at yvear 1,000, théy are about 3.2 times higher at the end of 10,000 years.

Ratios of site soil concentrations under elimax conditions and those projected for the

MDA G performance assessment and composite analysis increase over time for
radionuclides with very high plant uptake factors (Figure 3-8). Greater rates of litter
production in the updated modeling and lower rates of dilution of surface contamination by
soil brought to the surface by animals are primarily responsible for this pattern. Climax
community concentrations of radionuclides with small plant uptake factors are projected to
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be about 45 percent less than the levels estimated using the 1997 model. This is due to less

- intrusion into the waste by animals and greater dilution of surface contamination by

relatively uncontaminated plant litter.

The comparison of projected soil concentrations shown in Figure 3-8 assumes that
‘the start of the climax community simulation coincides with the beginning of the 1997
model output. As discussed carlier, this is not expected to be the case as the site is expected

to require a few hundred years to reach or necar climax. However, similar relationships are

observed even if this temporal shift is taken into account.

As discussed earlier, surface erosion at the levels projected for the MDA G
performance assessment and composite analysis has a negligible effect on the projected
iinpacts of .biotic. intrusion, and was not included in the updated medeling. If an
assumption of no erosion is applied to the 1997 modeling, no transport of contamination to

| th;a surface of MDA. G is projected to occur for disposal units covered with 2 m or more of
clean seil, Consequently, modeling results from the updated and 1997 approaches were not

compared for cover depths of 2 and 3 m.

.As discussed earlier, the impacts of bioti¢ intrusion projected for MDA G in the 1997
dratt of the composite analysis were greatest for the atmospheric exposure scenario, In this
scenario, contamination depesited on the surface by plants and animals was transported to
off-site receptor locations with the prevailing winds, Exposures were received through a
variety of exposure pathways, including the inhalation of airborne particulates, ingestion of
contaminated soil, ingestion of food crops grown in contaminated soils and contaminated by

atmospheric deposition, and direct radiation frem contaminated soils and airborne’

radionuclides,

Ultimately, the impacts of biotic intrusion on the ability of MDA G to safely contain
the dispoéed waste will be judged in terms of human exposurcs. Consequently, the
atmdspheric scenario used to project doses’ for the MDA G composite analysis was
implemented using the results from the updated biotic intrusion modeling, This modeling

used the existing composite analysis inventory, which includes all radioactive waste
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disposed of, and projected to require disposal, at MDA G. The updated exposure modeling
considered only the receptor location in Canada del Buey, the point of maximum exposure

for the scenario. Depletion of the radionuclide inventories due to radioactive decay was

taken into account in these simulations.

The atmospheric scenario dose projections for MDA G in its early successional stages
“are compared to the 1997 composite analysis projections in Figure 3-9. Doses for the
updated modeling are shown starting at the end of facility operations, while the prior
modeling results begin 100 years after facility closure, This is consistent with the
assumptions upon which the two analyses were based. The updated biotic intrusion
modeling assumed that no actions were taken to limit biotic intrusion after site closure,
while the composite analysis assumed that intrusion into the waste by plants and animals

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

The peak dose projected using the updated biotic intrusion modeling is 8.4 mrem/yr
and occurs at the end of facility closure, This dose is 44 percent greater than the peak dose
projected for the composite analysis at the end of active institutional control. The
inhalation of airborne contamination is responsible for more than 99 percent of the peak
dose projected using the updated biotic intrusion modeling. Isotopes of plutonium and
americium are the dominant radionuclides, accounting for 98 percent of the peak dose, The
waste disposed of in pits prior to 1971 is the main contributor to the projected doses,
accounting for 87 percent of the peak exposure,, Pathway, radionuclide, and inventory

contributions similar to these were also observed for the 1997 composite analysis exposure

projections,

Ay discussed carlier, modeling of MDA G in its early successional stages assumes
that the plant and animal communities are instantly established at the site when the
facility closes. In reality, these communities will become established gradually over a
period of a few years, Consequently, the doses shown in Figure 3-9 for the early years of
the succession are expected to overestimate actual exposures, While further analysis is

required to accurately determine how much the exposures are overestimated, the disparity
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is expected to be Jess than 1.5 mrem/yr, or the difference between the doses projected for

year 1 and 100 of the simulation.

The projected atmospheric scenario doses for MDA G in its climax condition are
compared te the 1997 composite analysis doses in Figure 3-10. Information from Arnold et
al, (1964) and Tress und Klopatek (1987) suggest that the time required for MDA G to
achieve climax conditions similar to those modeled will be at leass 100 vears, and probably

much longer. The modeling results for the climax community are shown beginning at 100

years post-closure to cover the range of these estimates,

The peak annual exposure projected for the atmospheric scenario under climax
conditions is 3.5 mrem if the site is assumed to reach a climax condition by 100 years post-
closure, It ceclines to 2.7 mrem/yr if it 18 assumed that climax conditions are not achieved
until 300 years after facility closure. These doses are 46 to 60 percent of the peak dose
projected for the 1997 composite analysis 100 years after facility closure, The inhalation of
airborne contamination accounts for almost all of the doses projected for the site in its
climax condition. Isotopes of plutonium and americium are responsible for more than 97
percent of the projected peak dose; waste disposed of between 1957 and 1970 accounts for
87 percent or more of the total exposure. Plutonium and americium in the pre-1971 waste

made similar contributions to the doses projected for the 1937 draft of the MDA G

composite analysis.

3.2 UNCERTAINTY ANALYSIS RESULTS

Sources of uncertainty associated with the updated biotic intrusion medeling may
introduce errors into the soil concentratiens projected for MDA G in its early successional
stages and its climax condition. A probabilistic uncertainty analysis wus conducted to
better understand the impact of uncertainties associated with the model input parameters.
The results of th;'s analysis provide insight into the potential variability asseciated with the

bascline estimates o surface seil concentrations presented in Section 3.1, A gensitivity
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analysis was condueted to help identify the parameters that play major roles in the

projected impacts of biotic intrusion,

A 1,000-year compliance period was used to evaluate the ability of MDA G to satisfy
the performance objectives for the performance assessment and composite analysis, While
the discussion of the baseline modeling in Section 3.1 considers the potential impacts of
biotic intrusion over a 10,000-year period, the uncertainty analysis was conducted on the
basis of this compliance period. The analysis uses the maxdmum mesa-top soil
concentrations projected during this period as a measure of disposal facility performance,
and addresses the impacts of paramecter variability on these concentrations for early
succession and climax conditions. The analysis considers the range of cover depths and

plant uptake facters included in the baseline modeling.

The results of the uncertainty analysis for the disposal site during the early stages
of succession are summarized in Table 3-1. This table presents the summary statistics for
the maximum projected soil concentrations within 300 years of facility closure, as the site is
expected to reach, 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 uptake factor, the minimum, median, 90"
percentile, 95 percentile, and maximum normalized concentrations projected by the model
are given. The percentile values indicate the percentage of the gencrated soil
concentrations that are less than or equal to the associated value, For example, the 95"
percentile concentration for radionuclides disposed under 1 m of cover and a plant uptake
factor of 10 indicates that 95 percent of the calculated normalized concentrations will be

less than or equal to 3.9. Conversely, 5 percent of the projected concentrations will be

greater than 3.9,
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Table 3-1. Summary st{alistics of the normalized soil concenlratlons projected by the unccrlmnly ana!) sis for MI)A Gi in its
early successional stages.

Normalized Soil Concenirations

Cover Thickness/Plant o ) _
Uptske Factor Baseline Minimum Median 90" Percentile 95" Percentile Maximum
1 m Cover Thickness - : I
Plant uplake factor = 10’ 32E1060 95E-02 1.3E+00 7.1E400 1.1E301 1.1E502
Plant uptake facter = 10° 3.7E-01 7.1E-02 22E-01 8.9E-01 1.3E300 1.1E+01
Plant uptake factor = 10 8.8E-02 6.0E-02 95E-02 1.5E-01 2.0E-01 15E400
Plant uptake factor = 10" 59E-02 58F-02 8.0E-02 9.8E-02 1.0E-01 17E-01
Plant uptake factor = 10° 5.6F-02 56K-02 7.7E-02 9.68-02 1.0E-01 1.2E-01
Plant uplake factor = 10’ 5.6E-02 5.6E-02 7.7E-02 9.5F-02 1.0E-01 1.2E-01
Plant uplake factor = 10* 5.6E-02 56E-02 7.7E-02 9.52-02 1.0E-01 12E-01
Plant uplake factor = 10* 56E-02 56F-02 11802 9.5E-02 1LOE-01 12E-01
2 m Cover Thickness
Plant uptake factor = 10 1.5E400 3.0E-03 7.5E-01 1.1E100 6.4E+00 85K101
Plant uptake factor = 10 1.5E-01 15803 8.4E-02 1.7E-01 7.3E-01 56E100
Plant uptake factor = 10° 1.5E-02 15E-01 1.0E-02 419E-02 7.8F-02 8.5E-01
Plant uptake factor = 10* 1.6E-03 7.5E-05 2.1E-03 19E-03 1.1E-02 7.1E-02
Plant uptake factor = 10° 1.8E-04 54E-05 1.1E-03 3.5E-03 41.8E-03 16E-02
Plant uplake factor = 16° 14E-04 47805 99E-04 3.1E-03 4.3E-03 1.6E-02
Plant uptake factor = 10* 13E-0¢ 22E-05 9.7E-04 3.1E-03 43E-03 1.6E-02
Plant uptake factor = 10° 1.3E-0% 22E-05 9.7E-04 3.1E-03 43E-03 16E-02
3 m Cover Thickness
Plant uptake factor = 10’ 8.1E-01 2.1E-03 49E-01 29E4+00 12E400 3.6E3:01
Plant uptake factor = 10 8.1E-02 7.5E-04 55E-02 3.1E-01 5.0E-01 39E100
Plant uptake factor = 10° 8.1E-03 7.8E-05 56E-03 31EB-02 " 5.0E-02 59E-01
Plant uptake factor = 10° 8.1F-04 80F-06 58E-04 33E-03. 53E-03 50E-02
Plant uptake factor = 10° 8.1E-05 7.2B-07 5.4E-05 32E-04 52E-01§ 12E-03
Plant uptake factor = 10’ 8.1E-06 7.2E-08 53E-06 3.1E05 5.0E-05 1.2E-03
Plant uptake factor = 10° 8.1E-07 38E-09 55E-07 3.0E-06 16E-06 56E-05
Plant uplake factor = 10* 8.1E-08 18F-10 5.6E-08 3.2E-07 5.1E-07 8.1E-06 -




The maxmum normalized seoil concentrations projected by the baseline modeling for

the 300-year period immediately foilowing facility closure are included in Table 3-1 to

permit their comparison to the projected distributions, Baseline concentrations of

radionuclides with plant uptake factors equal to 1.0 or greater generally lie between the
median and 90" percentile values estimated in the uncertainty analysis for disposal units
with 1 or 2 1 of cover. The baseline concentrations of rodionuclides with low uptake factors
“tend to lic between the minimum and median values for these units. For disposal units
with 3 m of cover, the bascline concentrations of all radionuclides fall between the median

and 90" percentile concentrations,

The sengitivity of the projected soil concentrations to the model input parameters
was evaluated on the basis of Spearman rank correlation coefficients. The results of this
analysis for MDA G in its early successional stages are summarized in Table 3-2, which
shows the model parameters for which the absolute values of the correlation coefficients
were 0.1 or greater. While many of the correlation coefficients that had absolute values
smaller than 0.1 were statistically significant, this cut-off was used to focus attention on

those parameters that had greatest effects on the projected outcomes.

Patterns of parameter sensitivity differ significantly with the thickness of the cover
placed over the waste and the radionuclide under consideration. The projected soil
concentrations for radionuclides with mean plant uptake factors of 1.0 or above are most
sensitive to plant uptake factors, the soil removal rate of pocket gophers, and litter
production rates for grasses and forbs. The correlation between soil concentrations and
gopher soil removal rates is negative, indicating that this parameter is important because
of its affect on the dilution of contaminants entering the soil through litter decay. As the
projected rate of soil removal increages, the contaminants deposited on the ground surface
by plants are diluted to a greater extent, The correlation coefficients hetween the soil
concentrations, and the plant uptake factors and litter production rates are positive,

indicating that thege quantities move in proportion to one another.

The projected soil concentrations for radionuclides over disposal units with 1 to 2 m

of cover are increasingly sensitive to animal burrowing parameters as the mean plant
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Table 3-2. Sensitivity analysis results for MDA G inits easly successional stages.’

- Cavey Thickness
- : 1 m Cover Thickness 2 m Cover Thickness "3 m Cover Thickness
Radionuclide/ ‘ . : . _
Plant Uptake Input Correlation Input Corrclation input Correlation
Factor - Paramefler Coeflicient Parametler Coefficient . Parameler “Coefficient
Isotope 1, B, = 10 Plant uptake factor 8.1E01 Plant uptake factor 8.1E01 Plant uptake factor 8.1r01
Soil removal rate of -50E-01 Soil removal rate of -4 9E-01 Scil removal rate of -4 9E01
pocket gophers pocket gophers : pxket gophers )
Grass litter 1.8E-0} Grass litter 1.7E-01 Foib litter 1.9E-01
production rate produclion rate production rate '
Forb litter 13E-01 Forb litter 1.6E-01 Grass jitter 1.6E-01
groduction rate ' production rate production rate
Isotope 2, B, = 10 Plant uptake factor 83E-01 Plant uptake factor 8.1E01 Plant uptake factor B2E-01
Seoil remaval rate of -4 5501 Scil remaval rate of -5.0E-0} Soil remaval rate of -4 9E-D)
pocket gophers pocket gophers pocket gophers
Grass litter 1.7E-01 Grass litter 1.5E-01 Fob litter - 1.5F-01
production rate production rate production rate
- Forb litter 1.3E0] Grass litter 14E-01
preduction rate production rate
Isotope 3, B,= 10" . Plant uptake factor 7.8£-01 Plant uglake factor 1.9E-01 Plant uptake faclor 8.1E-01
Grass litter 1.3E-01 Soil removal rate of -53E-01 Soil removal rate of -$.7E01
production rate pocket gophers pocket gophiers
Grass litter 1.4E-01 Forb bigter . L 6E-01
groduction rate produclion rate
Forb litter 13E-01 Grass litter 1.4E-01
_ production rate greduction rate
Isotope 4,B,= 10" Scil removal rateof 67E-01 Soil removal rate of -1.1E-01 Plant uptake factor 8 2F.-01
pocket gophers pocket gophers
Plant uplake factor 2.5F-01 Plant uptake facter 54E0 Soil removal rate of -18E-01
' . pocket gophers
Harvester ant 1.5E-01 Harvester ant 23E-01 Forb litter 1.7E-01
colony density colony density produclicn rale
Deer mouse burrow 1.5E-0% Harvester ant - 1IKE-01 Grass litter 1.6E-01
volume burrow mass production rate
Harvester ant 13E-01 Grazs litter 1.2E-01
Lurrow mass production rate
fsctope 5,13, = 10" Soil removal rate of B.IE-0} Soil removal rate of -1.5E-01 Plant uptake factor 82E01
pocket gophers pocket gophers .
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Table 3-2. Continued.

Caver Thickness
1 m Cover Thickness 2 m Cover Thickness d m Cover Thickness
Radionuclidef
Plant Uplake Input Correlatinn Input Correlation Input Corpplatinn
Faclor Parameter Coefficient Parametler Coeflicient Yarameter Coefficient

Deer mouse burrow 1.8E-01 Harvester ant 415E-01 Soil removal rate of -4 9E-01
volume colony density pocket gophers
Harvester ant 1 SE-0} Harvester ant 3 5E-01 Forb litter 1.7E-01
colony density burrow mass preduction rate
Harvester ant 1.6E-01 Plant uptake factor 1.6E-01 Grass litter 1.1E-01
burrow mass production rate

Isotope 6, B, = 10*  Soil removal rate of 8 2E-01 Soil removal rate of -1.2E-01 Piant uptake factor §2E 01
pocket gophers pocket gophers
Deer mouse burrow 1.6E-01 Harvester ant 49E-01 Soil removal rate of -1.8E-01
volume colony density pocket gophers
Harvester ant 1.8E-01 Harvester ant 39E-01 Forb litter 1.6E-01
colony density burrow mass preduction rate
Harvester ant 1.6E-01 Grass litter 1.3EG1
burrow mass production rate

Isotope 7, B,=10°  Soil removal rate of 8.2E-01 Soil removal rate of -1.1E-01 Flant uptake factor 8.1E-01
pocket gophers pocket gophers
Deer mouse burrow 1.8E-01 Harvester ant . 50E-01 Soil removal rate of -$ 9E-01
volume colony density pocket gophers
Harvester ant 1.8E-01 Harvester ant 39E.01 Grass litter 1.5E-G61
colony density burrow mass production rate
Harvester ant 1.6E-01 Forb litter 1.5E01
burrow mass production rate

Isotope 8, B = 10*  Scil removal rate of 8.2E-01 Soil removal rate of -71.2E-01 Plant uptake factor B.IE-01
pocket gophers pockel gophers
Deer mouse burrow 1.8E-01 Harvester ant 50E-01 Soil removal rate of -4.7E-01
volume celony density pockel gophers
Harvester ant 1.8E-01 Harvester ant 10E-01 Forb litter 1.6E-01
colony density burrow mass production rate
Harvester ant 1.6E-01 Grass litter 13ED
burrow mass production rate
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uptake factor decreases from 0.1 to 10°. Concentrations are positively correlated with

pocket gopher soil removal rates, harvester ant colony density and burrow mass, and deer
mouse burrow volume for units with 1 m of cover. While harvester ant colony density and
burrow mass are positively correlated with concentrations over units with 2 m of cover, the

soil removal rate of pocket gophers is negatively correlated because these animals do not

penetrate into the waste. For the disposal units with 3 m of cover, projected soil

concentrations are sensitive to plant uptake factors and litter production rates, pocket
gopher activity has the effect of diluting the contamination deposited on the ground by

litter dcca};. _

Table 3-3 presents the summary statistics for the uncertainty analysis as applied to
MDA G in its climax condition. The baseline data and the uncertaix#ty analvsis statisties .
are based on the maximum soil concentrations projected to occur within the 1,000-year
compliance penod The baseline concentrations of radienuclides with plant uptake fact:ora
of 1.0 or more fall between the median and 90° perccntxle values caleulated for the disposal
units with 1 or 2 m of cover. Projected baseline concentrations of radionuclides with lower
plant uptake factors tend to be less than the median values for these units.  The baseline
concentrations of all contaminants disposed in units with 3 m of cover are essentially equal

to the median values estimated by the uncertainty analysis.

| The results of the sensitivity analysis for the climax condition of MDA G are
presented in Table 3-4. Projected concentrations of radionuclides with nﬁean plant uptake
~ facﬁors greater than 0.1 are positively and strongly correlated wir;h-the plant uptake factor,
tree biomass, and tree litter production rate for disposal units with 1 to 2 m of cover, Tree
biomass and litter production rate are important because they play a role in 'determining
how much contammated litter is produced annually. Pammeters speczf)nng' the amount of
animal intrusion become more important for disposal 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 and’ chipmunks and the masses and volumes of these species" burrows are positively
correlated to the projected soil concentrations. Chipmunk acmvxty Is. negatwely correlated
with soﬂ concentrations over units with 2 m of cover because they do not penctrate into the
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Table 3-3. Summary sl;atislics of the normalized soil concentrations projecled by the uncertninty analysis for MDA G
in its climax condition.

Cover Thickness/Plant

Uptake Factor

Normalized Soil Concentrations

Baseline

Minimum

1 m Cover Thickness
Plant uptake factor = 10
I'lant uptake factor = 10'
Plant uptake factor = 10*
Plant uptake factor = 10"
Plant uptake factor = 10°
Plant uptake factor = 10°
Plant uptake factor = 10*
Plant uptake factor = 10°

2 m Cover Thickness
Plant uptake factor = 10°
Plant uptake factor = 10"
Plant uplake factor = 10°
Plant uptake factor = 10"
Plant uptake factor = 10’
Plant uptake factor = 10’
Plant uptake factor = 10*
Plant uptake factor = 10°

3 i Cover Thickness
Plant uptake factor = 10’
Plant uptake factor = 10'
Plant uptake factor = 10*
Plant uptake factor = 10*
Plant uptake factor = 10°
Plant uptake factor = 10*
Plant uptake factor = 10*
Plant uptake factor = 10*

415E+01
4.6E+00
4 9E-01
T4E-02
32E-02
28E-02
2 8E-02
2 8E-02

2.7E01
28E+00
2 8E-01
28E-02
3.1E-03
6.0E-04
3.6E-04
3.3E-04

2 3E401
2 3E+00
2.3E-01
23E-02
23E-03
23E-04
23E-05
23E-06

9.2E-01
1.6E-01
53E-02
25E-02
1IE-02
14E-02
1.4E-02
1.4E-02

54E-01
59E-02
1.2E-02
22E-03
6.0E-04
J8E-04
26E-04
24E-04

5.7E-01
3.8E-02
5.0E-03
6.1E-04
59E-05
32E-06
4.9E-07
J.0E-08

Median 90" Percentile 95" Percentile _ Maximum
3.1E101 13E+02 19E102 1.4E103
36E1+00 14E401 2.1E+01 1.1E+02
44E-01 1.6E+00 24E100 2.4E401}
1.2E-01 22E-01 3.1E-01 2 3E100
8.0F-02 1.1E-01 12E-01 26E.-01
74E-02 1.1E-01 1.1E-01 1.5E-01
TAE-02 1.1E-01 1.2E-01 1.5E-01
74E-02 L1E-01 1.2E-01 1.5E-01
23E+01 8.7E101 1.3E+02 8.0E4+02
24E100 1.0E1+01 14E+01 9.1E401
2.5E-01 1.0E100 1.5E+00 1.6E101
29E-02 L1E-01 1.7E-01 1.5E4+00
8.5E-03 1.6E-02 20E-02 1.1E-01
5.5E-03 1.0E-02 1.2E-02 24E-02
5.1E-03 98E-03 1.1E-02 1.9E.-02
5.1E-03 98E-03 1.1E-02 1.9E-02
22E1+01 B.CE+0!} 1.2E:02 14E103
23E4+00 9.3E+00 1.4E+01 6.3E:01
2 3E-01 1.0E:100 1.5E4100 1.2E401
2 2E.02 98E-02 1.5E-01 1.3E400
23E-03 9.7E-03 1.5E-02 1.1E-p1
2 3E-04 1.0E-03 1.5E-03 1.8E-02
23E-05 9.7E.-05 14E.04 S0E-04
2 4E-06 9.7E-06 1.5E-05 1.6E-04




Table 3-4. Sensilivily analysis resuls for MDA G in its climax condition.

Cover Thickness

‘; : 1 m Cover Thickness 2 m Cover Thickness 3 m Cover Thickness
\  Radionuclide/ o " e T b .
© Plant Uptake Input Correlation Input - Correlation - . Input Correlation
__Factor - Parameter Coefficient Parameter Coefficient - Parameter Coefficient
Isotope 1, B, = 10" - Plant uptake 9.7FP-01 " Plant uptake 97E-01 ©  Plant uptake 97E-0F
- factor ‘ ‘ factor - factor - - '
' " Treelbjomass - LIE-O] Tree biomass LIE-01 Tree biomass 1.1E-01
" Isotope 2,B,=10" Plantuptake - 9.8E-01 Plant uplake - 9.7E-01 Plant uptake 9.7E-01
_ factor’ factor ' factor '
Tree biomass 1.1E-01 Tree Liomass 1.1E-01 . Treebiomass . 1.2E-01
Tree litter 1.0E-01 Tree litter . 1.0E-01
production rate production rate :
Isctope 3,R,= 10" Plant upfake 9.9E-01 “ Plant uptake 9 8E-01 Plant uplake 9.7E- 01
: factor {actor ' * factor : -
Isotope 4,B,= 10" Plant uptake 88E-01 Plant uptake 9.7E-01 Plant uptake 9.7E-01
: - factor factor ' ' factor '
Chipmunk 50F-CG1 Chipmunk -12E-01 Tree Liomass 1.1E-01
burrow volume burrow volume ' ,
Tree biomass -1.9E-01 ' Chipmunk -1.0E-01
' T burrow volume
Chipmunk 1.8E-01
density .
. Tree litter -1.6E-01
production rate
Isotope 5,B,= 10" Tree bicmass -5.0E-01 Plant uptake 6.9E-01 Plant uptake 9.7E-01
' factor ‘ factor S
Chipmunk 4.1F-01 Harvester ant 3.9E-01 Tree biomass 1.0E-01
busrow volume - colony densily '
Chipmunk 1.0F-01 T

densily
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Table 3-4. Continued.
Cover Thickness
1 m Cover Thickness 2 m Cover Thickness 3 m Cover Thickness
Radionuclide/
Plant Uptake Input Correlation Input Correlation Input Correlation
Facior Parameter Coefficient Parameter Coefficient Paramefer Coefficient
Tree litter -3.6E-01 Harvester ant 3.1E-01
production rate burrow mass
Harvester ant 26E-01 Chipmunk -1.8E-0}
colony density burrow volume
Plant uptake 2.1E-01 Chipmunk -1.5E-01
factor density _
Harvester ant 1.8E-01 Tree biomass -14E-01
burrow mass
Tree litter -1.3E-01
production rate
Isotope 6, B, = 10" Tree biomass -5.3E-01 Harvester ant 6.6E-01 Plant uptake 9.7E-01
colony density factor
Chipmunk 1.4E-01 Harvester ant 5.0E-01 Chipmunk -1.1E-01
burrow volume burrow mass density
Chipmunk - 42E-01 Tree biomass -29E-01
density
Tree litter -3.8E-01 Tree litter -2.0E-01
production rate production rate
Harvester ant 2 8E-01 Chipmunk -1.6E-01
colony density . density
Harvester ant 20E-01 Plant uptake 1.6E-01
burrow mass factor
Chipmunk -1.5E-01
burrow volume
Isotope 7,B,= 10" Tree biomass -5.3E-01 Harvester ant 6.7E-01 Plant uptake 9.7E-01
eclony density _ factor
Chipmunk 4.4FE-01 Harvester ant 52E-01 Tree biomass 13E-01
burrow volume burrow mass ‘
Chipmunk 4.1E-01 Tree biomass -3.0E-01 Tree litter 1.0E-01
density production rate )
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_ Radionuclide/
. Plant Uptake

Fac tor

Isotope 8, B, = 10°

Table 3-4, Continued.

Cover Thickness

1 m Cover Thiclme_ss -

Input . Correlation

Parameter __Coefficient
Tree litter - -38BR01.
production rate o
Harvester ant 28E-01 . .
colony density L
Haryester ant 2.0E-01
burrow mass _ "
Tree biomass -53E-01
Chipmunk 4.4E-01
burrow volume
Chipmunk 4.1E-01
density o
Tree litter -3.8K-01
production rate ’
Harvester ant 28E-01
colony density E
Harvester ant 20B-01 -

turrow mass

2m Coyéi- Thicluie_ss

. Input "

3’m Cover T _h_icknéss _

) Correlation - - Input . Correlation
- __Parameter Coefficient . Paramefer Coefficient
 Treelitter 22E01 . - B A
+production rate : -

Chipmink - -15E-01

density - - '

Chipmunk -14E-01
- burrow volume . .

Harvester ant 6.7E-01 * Plant uptake 97601

colony density - " factor :
. Harvester ant _ 5.2E-01 -

_ burrow mass

Tree biomass -3.0E-01

Tree litler - -2.2E-01

production rate

Chipmunk -1.6E-01

density

Chipmunk -1.4E-01

‘burrow volume
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waste. Tree biomass and litter production rates are negatively correlated with seil
concentraticns of radionuclides with small plant uptake factors for units with 1 or 2 m of
cover. This is because the relatively uncontaminated litter dilutes the contamination
brought to the surface by chipmunks and/or ants, Soil concentrations over the dispesal

units with 3 m of cover are most sensitive to plant uptake factor, tree biomass, and tree

litter production rate.

3.3 DISCUSSION

The primary reason for updating the MDA G biotic intrusion modeling was to
evaluate the potential impacts of plants and animals on the ability of the facility to safely
contain the waste if there was no long-term maintenance of the site. The results of the
analysis indicate that the projected impacts under these conditions are similar to those
projected for the 1997 MDA G performance assessment and composite analysis, This is
illustrated by the composite analysis doses projected for the atmospheric exposure scenario
using the updated biotic intrusion modeling. Assuming the site reaches or nears its climax
condition within 300 years of facility closure, these doses are expected to be less than 1.4
times those projected for the 1997 analysis, Doses projected for the site after it has reached
the pinyon-juniper climax are actually lower than those projected for the earlier analysis.

The projected impact of parameter uncertainties on the atmospheric exposure
scenario doses also appears to be similar between the updated results and the 1997

composite analysis, The uncertainty analysis performed for the 1997 analysis estimated
that the projected peak dose of 5.8 mremv/yr could, under worst-case conditions, increase to

as much as 17 mrem/yr based only on the uncertainties associated with the extent of biotic

intrusion into the site. As discussed earlier, plutonium and americium were the main
contributors to the doses projected using the updated biotie intrusion modeling, These
elements have mean plant uptake factors of 4.5x10" and 5.5x10%, respectively, The
majority of the plutonium and americium-contaminated waste was disposed in pits with as
little as 1 m of cover. Under these conditions, and given that atmospheric scenario doses
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are du'ect‘.ly propomonul to the normalized soil concentrations, the uncertainty analysis

results in Table 3-1 indicate that the maximum doses will be about 2.1 times greater than
the e*{posurns shown in Fxgure 3-9. The product of this factor and the peak dose projected
for the su:e dunng carlv succession, 8.4, mrem/yr, is 18 mrem/yr, prncmcally identical to the

worst-case dose of 1 mrem/vr estimated for the MDA.G: composxte analysis.,

- The companson provxded abave is bused only on thc pro;ected Ievels of biotic
intrusion into the dxspoqed waste, 'As discussed in the Introduction, the activities planned
to reﬁne t:he models and data used for prr.uecmng doses for the am'nosphenc exposure
scenario ewtcnd beyond t:he bxomc mtrusxon modehng They mclude the e‘cammamon of the
models used to estimate resuspension rateq for surface conta.xmnanon and to sxmulate
atmospheric transporc from MDA G to off-site receptor locations.. While differences.
- between the 1997 and updatcd biotic intrusion modeling do not appear to be great, the
results from r.l_:ése other analyses will be nceded in order to understand t:he overnll impacts
. of biotic intrﬁsion on MDA G. Once these impncfs are understood, the need for corrective

actions to lower pox:_ém:iall_v ﬁnacceptabl_e exposures may be addressed.

The rcsnilts | of the updated biotic intrusion modeling and ‘the probabilistic
"uncertmnty analysxs prowdc addztxonal mszght into how plant and animal mt:msmn into
_waste dxsposed at MDA G may 1mpact the'site. The conclusmns drawn from these ana]yses.

howcver. cu'e spec:ﬁc to t'.hc data uqed to represent the vanous model mput parameters. ‘
W’hxle mfon'namon speczﬁc to MDA G or the Labomtory was used to develop- the baseline
,values nnd pnrameter dmnbutxons when it was avmlable. non-sme-spemﬁc data were used
' ‘to estxma.te the values forseveral model parameters, In some cases (e. g., tree bxomass and
'htt:er generatmna mtes in shrubs and trees), the data available in these alternate sources _
‘wcre etcrcmely Iumted Where pnssuble then, Laboratory-specific data gcnerated in the ‘

‘ f‘uturc should’ be used to evalunce the pnrameter values and chstnbutzons used m this

o.nulysm, updanng- them as appropnute

While an-im;sfovéments in the quality of any of the data used to model biotic
mtrusmn at: MDA G are welcome, particular attention should be paid to paramet:ers to
whnch the pro;ected doses are most sensitive. On the basis of the updated doses presented”
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in Section 3,1, parameters related to the level of animal intrusion into the site are expected
to be most significant. Plutonium and americium placed in pits with as little as 1 m of
cover contribute the majority of the projected peak dose for the site during carly succession
and after it has reached a climax condition. The mean plant uptake factors for these
elements are 4.5x10™ and 5.5x10”, respectively, Under these conditions, soil concentrations
projected for the site during early succession are most sensitive to the seil removal rate of
pocket'gophcrs, deer mouse and harvester ant activity are also important (Table 3-2). Soil
concentrations in the climax woodland are also sensitive to animal activity, although plant

parameters play an important role in that community as well (Table 3-4),
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