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ABSTRACT 

This paper addresses part of Sandia National 
Laboratories' (SNL) efforts to assess the Iong-term 
performance of the Greater Confinement Disposal 
(GCD) facility located on the Nevada Test Site (NTS). 
Of issue is whether the GCD site complies with 40 
CFR 191 standards set for transuranic (TRU) waste 
burial. SNL has developed a radionuclide transport 
model which can be used to assess TRU radionuclide 
movement away from the GCD facility. An earlier 
iteration of the model found that radionuclide uptake 
and release by plants is an important aspect of the 
system to consider. Currently, the shallow-rooted 
plants at the NTS do not pose a threat to the integrity 
of the GCD facility. However, the threat increases 
substantially if deeper-rooted woodland species migrate 
to the GCD facility, given a shift to a wetter climate. 
The model parameters discussed here will be included 
in the next model iteration which assumes a climate 
shift will provide for the growth of juniper trees at the 
GCD facility. Model parameters were developed using 
published data and wherever possible, data were taken 
from juniper and piiion-juniper studies that mirrored as 
many aspects of the GCD facility as possible. 

I. INTRODUCTION 

The GCD facility on the NTS consists of a series of 
drilled boreholes which are about 3 m in diameter and 
36 m deep. During the mid-1980's the bottom 15 m of 
some of these boreholes were filled with wastes, 
including TRU wastes. The GCD facility was so 
named because the 21 m of fill placed on the wastes 
provides greater confinement than shallow land burial. ' 
SNL currently is conducting a Performance Assessment 
(PA) to determine if the GCD facility meets three main 

objectives defined in 40 CFR 191: (1) the protection of 
human health; (2) the protection of ground water, and 
(3) the containment of TRU wastes. The containment 
requirement sets limits on the probability of exceeding 
a given total integrated discharge of specific isotopes 
into the "accessible environment" (land surface, surface 
waters, atmosphere, oceans, and any point in the 
subsurface lithosphere 5 km beyond the disposal site) 
over a 10,000 year period. 

The containment standard of 40 CFR 191 requires 
that the disposal system does not exceed the upper 
bounds placed on the probabilities of a given release. 
Given this requirement, our goal is not to render a 
realistic model of the system's behavior, but to provide 
confidence that the actual release of the "true" system 
(given the uncertainty) will be less than the modeled 
release, and that the modeled release will be less than 
the containment standard. Therefore, conservative 
assumptions are used where there is model uncertainty; 
thus, the model is assumed to be conservative with 
respect to the real system. 

Since some of the wastes are only 21 m beneath the 
land's surface, the PA considers a number of surface 
processes in modeling the fate of radionuclides. 
Upward diffusion, infiltration, erosion, subsidence and 
biologic uptake are among the more critical surface 
processes which may impact the GCD's long-term 
performance. Based on an earlier iteration of the PA, 
the relatively shallow burrowers and shallow-rooted 
plants of the current climate are not believed to 
facilitate radionuclide transport,' even though 
bioturbation by root invasion and a n i d  burrowing is 
abundant in, and around the GCD fa~i l i ty .~.~ 

Paleobotanical evidence suggests that as recently as 
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11,800-12,000 years ago juniper woodlands may have 
existed at the elevation of the GCD facility under a 
wetter and cooler climate.5+6 Because we cannot know 
future climate, we make the conservative assumption 
that climate change will return these same deep-rooted 
juniper woodland communities to the GCD region in 
the future. By focusing on Pleistocene climate, future 
climate projections can be tied to a recent and 
relatively reIiable empirical record. To model the 
effects of juniper trees growing at the GCD facility, 
modeling parameters are for: (1) radionuclide 
concentration ratios (CR), a measure of the amount of 
radionuclides taken up by a plant for a given level of 
radionuclides in the soil, (2) rooting depths, and (3) 
yearly biomass turnover. This paper documents the 
development of these three modeling parameters. 

11. RESULTS 

A. Concentration Ratios 

We found no studies that had CRs for junipers, and 
very few studies that report CRs for trees. 
Additionally, only CRs for 3 of the 21 isotopes were 

following criteria were used in the determination of 
CRs for junipers (Table 1): (1) a CR measured for an 
isotope of a given element was applied to all isotopes 
of that same element and (2) where no data for any 
isotope of an element exists, the maximum CR 
measured for all other elements was used 
(Le., 0.02 for U238); the only exception to this 
criterium was Acm, which was assumed to be more 

Given this lack of available data, the 

Table I. Concentration ratios for trees. 

11 ISOTOPE I CR' 

II 

Cs'37 0.022 

Np237 0.022 

Pau' 0.022 

Pb2'* 0.022 
II 

pU238 5.0 E-4' 
Concentration Ratio = 

like Amz4' than UZ3', per Grogan (19S5)9 

B. Juniper Rooting Depths 

Data from a number of studies were used to develop 
a rooting-depth probability distribution function 
(pdf).'O.L'.iz Two aspects of juniper rooting were 
critical to the development of this pdf: (1) the 
maximum recorded rooting depth (61 m), which 
indicates that junipers can develop very deep roots and 
(2) the majority of junipers studied had roots that 
remained in the top few meters of soil. We believe, 
but have not proven, that this extreme difference in 
rooting depths is a result of rooting habits which 
maximize access to available water; deep roots develop 
in fractured rock to follow deep water movement, and 
shallow root systems develop in soils to maximize 
access to shallow water. The GCD facility is 
constructed in alluvial sediments, not fractured rock. 
Lacking information on juniper rooting depths in 
alluvial sediments, we developed a single pdf using all 
available data which includes both deep-rooted and 
shallow-rooted junipers. The resulting pdf is 
lognormal with 0.001 and 0.999 quantiles of 1 cm and 
61 m, respectively. 

C. Juniper Biomass Turnover Rates 

To determine the amount of radionuclides released at 
the surface, the model also requires an estimate of 
biomass turnover (kg dry aboveground biomasdunit 
ardyear). The development of this parameter was 
two-fold. First, we determined juniper biomass 
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for a given area. Since junipers are perennial trees, this 
estimate was limited to foliage production and turnover 
because very little woody biomass is turned over relative 
to needles. Secondiy, we estimated the percentage of 
that biomass that turns over annually. Using a 
compilation of data we derived foliage biomass from 
crown area.13 Two crown dimensions (maximum and 
minimum crown diameter) provide a mean crown 
diameter which is used to cdculate mean crown area 
based on the assumption that the crown is circular. The 
linear regression of foliage biomass [FB (kg)] on mean 
crown area [CA (m’)] yielded this equation for 
estimating foliage biomass (9 = 0.92): 

FB = (CA * 12.413) - 33.204. 

Foliage biomass can be determined for any given area 
with this equation and a ratio of maximum crown cover 
to surface area for piiion-juniper woodlands in mesic 
sites that is approximately 0.50.’4 Annual biomass 
turnover is not known, so we assume it is equal to 
yearIy foliage production which has been estimated to be 
30% of foliage mass in the only study found that 
reported juniper foliage producti~n.’~ For example, to 
estimate foliage biomass turnover for 10 d, first 
multiply 10 by 0.5 to obtain crown area (5 d), use this 
crown area to derive foliage biomass from the equation 
above (28.86 kg), then multiply this value of foliage 
biomass by 0.30, to arrive at an estimate of 8.65 kg 
foliage biomass turnover per 10 square meters per year. 

111. SUMMARY 

In conducting the PA for the GCD facility, we 
assume that junipers will return to the site, given a 
wetter climate and the fact that junipers have occurred at 
GCD elevations in the recent past. Here we have 
presented our efforts to provide modeling parameters for 
junipers for the next iteration of the PA. 
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