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ABSTRACT

SPARTAN is a simple computer model designed for the Nevada Nuclear Waste
Storage Investigations Project to calculate radionuclide transport in-geologic
media. The physical processes considered are limited to Darcy's flew, radio-
nuclide decay, and convective transport with constant retardation of radio-
nuclides relative to water flow. Inputs for the model must be provided for
the geometry, repository area, flow path, water flux effective ini-
tial inventory, waste solubility, canister lifetime, and retardation factors.
Results from the model consist of radionuclide release rates from the prospec-
tive Yucca Mountain repository for radioactive waste and cumilative curies
released across the flow boundaries the the flow path The rates of
release from the repository relative to NRC performance objective releases
to the accessible environment relative to EPA requirements
Two test roblems compare the results of simulations from SPARTAN
ical solutions. The comparisons show that the SPARTAN solution closely matches
the analytical solutions across a range of conditions that approximate
that might occur at Yucca Mountain.
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1.0 INTRODUCTION

The Nevada Nuclear Waste Storage Investigations (WSI) Project is inves-

tigating the possibility of locating a repository for high-level radioactive

waste at Yucca Mountain in southern Nevada. Yucca Mountain is located along

the southwest corner of the Nevada Test Site (TS) and on adjacent federal

property in southern Nevada. The conceptual design and assessment of perform-

ance for the repository are being performed by Sandia National Laboratories

(SNL) under the direction of the Department of Energy's (DOE's) Nevada Opera-

tions Office, which manages the NNWSI Project. SNL is conducting this effort

in cooperation with Los Alamos National Laboratory (LANL), Lawrence Livermore

National Laboratory (LLNL), and the U.S. Geological Survey (USGS).

One of the principal programmatic emphases of the NNWSI Project is assess-

ment of repository performance, that is, the ability of the repository to

isolate high-level radioactive wastes for tens to hundreds of thousands of

years. One of the objectives of performance assessment is to predict as accu-

rately as possible the rate at which radionuclides would be released to the

accessible environment (in this report, the water table) in the event of a

breach in waste containment. A computer model that provides Simple Performance

Assessment of Radionuclide Transport at evada (SPARTAN) has been developed to

make these predictions.

This report describes the SPARTAN model and its use in solving problems

involving water flow through the waste disposal area and transport of soluble

radionuclides to the water table. The SPARTAN model was developed to support

the environmental assessment document for the potential Yucca Mountain reposi-

tory (DOE, 1984). The SPARTAN model simulates one-dimensional, dispersionless

transport of radionuclides in a multiple-flow-path, homogeneous, geologic

medium with sorption in a constant-velocity field. It was initially designed

for system studies and found to be an effective tool for simulation of the

performance of the repository systems at Yucca Mountain (Sinnock et al., 1984).
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The physical processes considered in SPARTAN are limited to Darcy's flow,

congruent leaching, radionuclide decay, and convective transport with retar-

dation of radionuclides relative to water flow. This simple approach has been

taken to estimate radionuclide migration in geologic media because many of the

data and parameters needed to simulate a more detailed physical process are

not available at this time. SPARTAN can be used to simulate the problems both

in a porous matrix and in fractured media. Water flow, the rate of decay of

each radionuclide, and radionuclide transport are simulated directly to calcu-

late the number of curies released to the accessible environment over a time

of interest, taking all three of these processes into account. The performance

of the repository is measured by the rates of release from the repository

relative to RC performance objectives (RC, 1983) and the cumulative curies

released to the accessible environment relative to EPA standards (EPA, 1984).

It is not the intent of this report to establish the conceptual model of

the Yucca Mountain repository site or to formally document and verify SPARTAN.

Rather, this report provides some insight into the mathematical basis of

SPARTAN and substantiates the accuracy of the code in a preliminary manner.

Two problems are simulated to demonstrate SPARTAN's capabilities. The prob-

lems selected represent the range of groundwater recharge fluxes at Yucca

Mountain. The first problem consists of a 0.5-mm/yr flux in the matrix of the

unsaturated zone. This problem represents the flux expected at Yucca Mountain,

given the existing climatic and subsurface conditions. In the second problem,

a groundwater recharge flux of 5 mm/yr involves flow in both matrix and frac-

tures. This rate of recharge will probably not occur because the unsaturated

zone would have to become sufficiently saturated to cause water to flow through

the fractures, which is unlikely under the existing climatic and subsurface

conditions at Yucca Mountain (Sinnock et al., 1984). Radionuclide transport

to the water table is calculated for both circumstances. The accuracy of the

results is examined by means of comparisons with analytical solutions. Details

of test problems with relevant data and assumptions are taken directly from

Sinnock et al. (1984).
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Section 2 of this report contains a description of the SPARTAN model.

Section 3 contains descriptions of the two scenarios, discusses SPARTAN's

solutions and the analytical solutions, and compares the results of the

SPARTAN and analytical solutions. Section 4 provides conclusions. Two

appendices are provided Appendix A contains a computer listing for SPARTAN,

and Appendix B contains the computer program and input data used to calculate

the analytical solution.
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2.0 MATHEMATICAL BASIS OF THE SPARTAN MODEL

The following mathematical principles and assumptions served as the basis

for formulation of the series of computer algorithms that make up the SPARTAN

model. The computer program used to calculate the test problems in Section 3

is provided in Appendix A.

A repository, as depicted in Figure 1, is assumed to contain M(t) metric

tons of heavy metal radioactive waste in a planar horizon distributed over an

area expressed in square meters. The repository is assumed to be at a height,

H, in meters above the water table. The volume of groundwater that flows ver-

tically downward through the unsaturated zone from a unit area at the disposal

horizon per unit of time is called the flux and is assumed to be a parameter,

F, given in m 3/2/yr. Flow in the unsaturated zone is assumed to obey Darcy's

law. The boundary of the accessible environment is assumed to occur in the

saturated zone a distance 2 to 10 km downgradient of the repository. Though

not considered in the test problems presented later, water flow time through

the saturated zone is treated in SPARTAN as a constant parameter, TS.

2.1 Water Flow

The subscript, j, identifies the two components of the medium (porous

matrix and fractures); j=l denotes the matrix and j=2 denotes the fractures.

Darcy's law for the steady state of flow in both the matrix and fractures

is expressed by

where hJ is hydraulic head, is the hydraulic gradient, is the

hydraulic conductivity, and Fj is called Darcy velocity" or "Darcy flux."

For water percolating vertically downward through a uniform profile to a
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Figure 1. Schematic Representation of Conceptual Geometric Model
Used in Calculatins Releases of Radionuclides from a
Repository at Yucca Mountain



dh

stationary water table, is assumed to be -1. The flux through the

medium cannot exceed the maximum hydraulic conductivity of the jth medium.

Thus, if the flux is less than the saturated conductivity of the matrix,

it is assumed that the flux flows through the porous matrix, and the

effective hydraulic conductivity and the gradient will adjust to satisfy

Equation 1. If the flux is greater than the excess flux, will

flow through fractures of sufficient conductivity to satisfy Equation 1.

The average particle velocity of water, is

where n is the effective porosity of the j medium. The water travel

time, T, through H thickness of the unsaturated zone in meters is

H n

Saturated flow time is treated as a parameter, T . The total water

travel time, T from the repository to the accessible environment is

the sum of travel time in the saturated zone, T , and the travel time

in the unsaturated zone and is

Assigning a value of zero to T , as done for this report, allows a

consideration of flow only to the water table.
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2.2 Waste Dissolution

The flux that passes through the repository level may intercept the

radioactive waste. The maximum volume of water that could interact annually

with the waste, for either matrix or fracture flow, is the total

flow through the repository area and is given by

where Q is the annual flow rate through medium, F is the annual
th

flux through j medium, and A is the total area of the repository.

Assuming only one-dimensional vertical flow, the annual amount of water in

cubic meters actually intercepting the waste emplacement area, is less

than Q and is given by

where is the ratio of the area occupied by the waste (i.e., the effec-

tive cross-sectional area for water flow intercepted by emplaced waste

canisters or their emplacement holes) to the total repository area.

The water intercepting the actual waste emplacement area will not

contact radioactive waste unless a canister fails. Canister failure is

treated in two simple ways: (1) a constant lifetime of either 300 or

1,000 yr represents the time of immediate and simultaneous failure of all

canisters, i.e., having a step function at the constant lifetime,
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and (2) a variable lifetime represents the exponential lifetime distribution

of the canister failure, i.e., having a probability density function of

for which the cumulative distribution is

The parameter is the mean time-to-failure of the waste canisters.

Though SPARTAN has the capability to use variable lifetimes, only a

constant lifetime of 300 yr is used in the sample problems.

It is assumed that wastes contacted by water dissolve congruently

with uranium on a mass basis. Thus, given a solubility limit of uranium,

Si (kg/m ), the expected annual dissolution rate for uranium is given

by

For the i radionuclide, the annual dissolution rate is given by

where m(t) is the inventory of ith radionuclide in kilograms at time,

t, and iu represents uranium. Because it is assumed that radionuclides

dissolve instantaneously when they come in contact with water, the mass

release rate to water is the same as the dissolution rate. The total
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amount of waste released, is simply the sum of dissolved

amounts for all radionuclides.

where N is the number of radionuclide species, and M is the number of

pathway types.

The annual fractional release rate is defined as

Allowing water to dissolve the wastes and assuming releases based on

a high solubility for uranium results in an overestimation of waste is-

solution in the repository. A more realistic approach is to use mass-

transfer theories to estimate the time-dependent dissolution rate of

waste material in a geological repository (Chambre et al., 1982). How-

ever, the first approach, which is used in SPARTAN, can reveal the unique

natural qualities of the site, which will contribute to waste containment

independently of engineered features.

Given an initial inventory of radionuclides, the mass of any radio-

nuclide and Am(t) that is present at some time after the

initial time, to, can be computed analytically by solving a system of

ordinary differential equations that describe radiocative decay

(Bateman, 1910).
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The rate of curies released annually for the i species to the water
flowing through the medium, C is the product of specific activity,

a and annual dissolution rate, Di

Though not used in the test problems presented later, SPARTAN has the

capability to assess the annual release rate for each radionuclide in terms of

the NRC performance objectives (NRC, 1983). An "NRC Ratio," can be

calculated from

2

th
where NL is the NRC release limit for the radionuclide defined in

Table 1. Similarly, a total NRC ratio for all radionuclides can be computed

with

N

2.3 Radionuclide Transport

The transport time for the radionuclide, Tr is related to the

water travel time by

-10-
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thwhere Rd is a dimensionless retardation factor for the radio-

nuclide through the j medium. For porous flow, i.e., the retar-

dation factor is defined as

where the y is the bulk rock density (kg/m3), Kd is the distribution co-
3 th

efficient (m /kg) or sorption ratio for the i radionuclide in porous

matrix blocks, and n1 is the effective porosity of the blocks.

In the case of water flow through fractures, i.e., j=2, it is more

appropriate, as suggested by Burkholder (1976), to relate the retardation

factor to a distribution coefficient, Ka., by the equation

where Rf is the ratio of surface area to void space (volume) for the

fracture opening through which the radionuclide is being transported.

Kai is a measure of moles of the ith radionuclide in the sorbed state

per unit of surface area divided by the moles f the nuclide in the

dissolved state per unit volume of groundwater when the groundwater and

sorbing medium are in equilibrium. Because the fracture surfaces are

generally irregular, the actual surface area with which the radionuclide

reacts is unknown. A simple approach is to express Ka in terms of the

area of an assumed planar fracture surface (Freeze and Cherry, 1979;

p. 410). In this case, retardation factors for fracture flow may be

computed as

where b is the width of the fracture aperture.
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The differential equation describing the one-dimensional transport

of radionuclides and their decay products through geologic media with

sorption is listed below.

where

Hydrodynamic dispersion and diffusion are not considered in these equa-

tions.

2.4 Release to the Accessible Environment

The amount of curies released to the accessible environment may be

expressed in curies as C This quantity is obtained by decaying the

curies of each radionuclide dissolved (Equation 11) for the time period

represented by the retarded radionuclide transport time (Equation 17)

from the repository to the accessible environment.

is computed by a direct-simulation approach that defines numeri-

cal matrices that represent the material balances of the members of

decay chains and all preceding chain members (Equation 21) over a differential

length of flow path and a differential time. The annual amount of curies at

any time after dissolution from the repository, C is modeled during

transport as a set of discrete lumped slugs. Each slug, by definition,

consists of a discrete quantity of curies, (C ) approximated by
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where

The slugs in the flow path and the source term at the repository are

adjusted for radioactive decay in each time step by solving the Bateman

equations. A five-member chain of equations is used in computation of

radionuclide quantities as a function of time. For the decay chains with

very rapidly decaying nuclides, each of the short-lived radionuclides,

i.e., Pu-241, Ra-225, Cm-242, Pb-210, and Np-239, is assumed to remain in

secular equilibrium with its immediate precursor. No branching ratios

are considered in the decay chains.

The curies released to the accessible environment at Za m from the

repository, C , is the sum of slugs transported to the spatial coor-

dinates corresponding to the boundary of the accessible environment,

i.e., (Zp)i j > Z, Cumulative curies released to the accessable envi-
ronment for the th radionuclide along the jth path are the

curies in all slugs reaching the boundary integrated from time 0 to t.

for (Zp) j > za where is the index for time steps, and K is the

number of time steps.

Though the capability is not illustrated in the test problems,

SPARTAN can compare the performance of a site, i.e., the cumulative

curies released to the accessible environment with the EPA release

requirements (EPA, 1984). The measure of performance is simply the

"EPA release ratio" (ER),
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where EL is the EPA requirement for the i radionuclide defined in

Table 1. Both the "NRC Ratio" and "EPA Release Ratio" are implemented

in SPARTAN. However, neither is presented in the sample problems dis-

cussed in the following section because the sample problems are intended

to assess the accuracy of SPARTAN in terms of analytical solutions. The

cumulative curies released, calculated by SPARTAN, are sufficient to

provide the necessary comparisons.
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3.0 DESCRIPTION OF SAMPLE PROBLEMS

3.1 General Assumptions

This section describes the test problems used for calculation of cumula-

tive releases of radionuclides to the accessible environment under an assumed

conceptual repository model and site conditions at Yucca Mountain. The as-

sumptions underlying the models and conditions used for this report are

discussed in detail by Sinnock et al. (1984) and are not elaborated in this

report. However, it is necessary to itemize the relevant assumptions here to

provide a basis for comparing radionuclide releases computed by SPARTAN and

those computed by analytical solutions. The relevant assumptions are

presented in the following paragraphs.

The stratum assessed for the prospective repository is located in the

lower part of the Topopah Spring Member of the Paintbrush Tuff at Yucca

Mountain. The total repository area is 6.07 x 10 m . The repository will

contain 70,000 metric tons of heavy metal (MTHM) in the form of canisters of

spent fuel. At the time of emplacement, the spent fuel has been out of reac-

tors for 10 yr, when it is all simultaneously emplaced in the repository. The

inventory of waste assumed to be present at the time of emplacement is shown

in Table 1. o waste will dissolve or leach from the emplacement location

until the spent fuel is 360 yr old (300 yr after closure of the repository).

No thermal effects are considered.

All releases of waste from the repository are caused by groundwater that

flows through the repository. The amount of water flowing vertically to an

area defined by the cross-sectional area of emplacement holes, 2.5 of the

flow rate (q ), will interact with the waste. Two sample problems are pre-

sented here to demonstrate the results of the SPARTAN simulations and to

compare those results with analytical solutions. Problem 1 uses a flux of

0.5 mm/yr; Problem 2 uses a flux of 5 mm/yr, which represents a situation

involving fracture flow (Sinnock et al., 1984). The spent fuel dissolves at

a rate that allows the interacting water to become saturated with uranium.

The uranium solubility used is 4 x 10 kg/m . Other radionuclides dissolve

congruently with uranium on a mass basis.
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The flow path from the repository to the accessible environment is verti-

cally downward through the unsaturated zone to the water table, which Is taken

to be the accessible environment. A schematic representation of the three

pathway types considered is depicted in Figure 1. The first matrix-flow

pathway (Path A) transmits all the flux for both problems (0.5 and 5.0 mm/yr)

through the portion of the repository underlain by the vitric Calico Hills

unit, which comprises 40% of the total repository area. The vitric Calico

Hills unit is able to transmit all flux through the pores in the rock matrix.

Path A is 250 m long. The second matrix pathway (Path B) transmits all flux

for the 0.5-mm/yr case and 1 mm/yr for the 5-mm/yr case through the porous

matrix of the Topopah Spring Member and zeolitic Calico Hills unit that under-

lie 601 of the total repository area. The flow distance along Path B to the

water table is 150 m. The third flow pathway (Path C) transmits the 4-mm/yr

flux through fractures in the Topopah Spring and zeolitic Calico Hills units

for the 5-mm/yr case. The fracture flow pathway is geometrically coincident

with Path B.

The values of retardation factors used for individual radionuclides are

shown in Table 2. Matrix retardation values are used for flow Paths A and B.

For a flux of 4 mm/yr in Problem 2, saturated-fracture-retardation values

(Table 2) are used for Path C.

3.2 Problem 1 - Flux of 0.5 mm/yr

The input values of variables needed to calculate a solution to Problem 1

by both SPARTAN and the analytical solution are given in Table 3. Output for

this problem consists of the time-dependent cumulative curies for radionuclides

that reach the accessible environment (in this case, assumed to be the water

table) in 100,000 yr. For the 0.5-mm/yr flux, groundwater travel time from the

repository to the water table is 100,000 yr through Path A, 30,000 yr through

Path B, and not applicable to Path C because no fracture flow is computed for

this flux. Therefore, the only two radionuclides, C-14 and I-129, that reach

the water table in the first 100,000 yr travel along Path B and initially

arrive 30,000 yr after closure of the repository.
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TABLE 2

SORPTION VALUES AND RETARDATION FACTORS

{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

a. Unless otherwise indicated, distribution coefficients were inferred from sorption
ratios given by Daniels et al. (1982, 1983).

b. Inferred from mid-range retardation factor for tuffs in compilation by Krauskopf,
Table 7-1, National Research Council (1983).

c. Barium used as chemical analog for radium (Daniels et al., 1983).
d. Calculated from d using surface area given by Daniels et al. (1982).
e. Calculated from Equation 18, using - 2, n 0.1.
f. Calculated from Equation 18, using y - 2, n 0.2.
g. Calculated from Equation 20, using b 10 m.
h. Calculated from Equation 20, using b = 100 m.



TABLE 3

INPUT VALUES OF PARAMETERS FOR PROBLEM 1

Flux through the unsaturated zone
Total repository area
Portion of flux interacting with waste
Solubility of U
Waste package lifetime
Initial inventories
Retardation factors

Path A Path B Path C

Distance to water table (m) 250 150 150
Effective porosity 0.2 0.1 0.001
Water velocity (m/yr) 2.5 x 10-3 5 x 10-3 0
Flow rate m3/yr) 3.04 x 101 4.55 x 101 0
Release rate (/yr) 1.79 x 10-10 2.68 x 10-10 0

3.2.1 SPARTAN Solution

Figure 2 and Table 4 show the cumulative curies released to the water

table through Path B. Only two radionuclides, C-14 and 1-129, reach the

water table through Path B in the first 100,000 yr after repository closure

because they are the only nonretarded radionuclides to migrate at the same

rate as the flowing water. No other radionuclides reach the water table

along Path B within the first 100,000 yr after repository closure.

3.2.2 Analytical Solution

The rate of change of the radionuclide inventory, over time

that results from a constant release rate from the repository, r(t)

and decay constant, can be expressed by the following equation:

d
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TABLE 4

CUMULATIVE CURIES RELEASED TO THE ACCESSIBLE ENVIRONMENT THROUGH PATH
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The curie release rate to the accessible environment, C is

the curie release rate at the repository retarded in time by the transport

time and reduced by the radioactive decay for a time corresponding to the

transport time from the repository to the accessible environment.



where

U(t - Tr) = the unit step function,

= the transport time of the radionuclide to the

accessible environment defined In quation 17.

Integrating Ca (t) from 0 to t yields the cumulative curies released to

the accessible environment by time, t:

This analytical solution can be used to calculate the cumulative

release of curies to the accessible environment for the single-member

chains of C-14 and 1-129. The results of the analytical solution of

Problem are shown in Table 4.

3.2.3 Comparison of the Results

A comparison of the numerical results from the SPARTAN simulations

and from the analytical numerical solutions in Table 4 indicates very

close agreement between the numerical and analytical solutions. The

results were plotted in Figure 2, but a graphic presentation does not

allow much discrimination between two solutions on a reasonable scale.

The discrepancies are caused by approximations made in representing the

curie releases and by the averaging process of the time-step integra-

tion method used to calculate the cumulative curies released. For each

kth time step, the curie releases are approximated by an average curie

release rate at the th and k + 1th time step multiplied by the time-

step size. The cumulative releases are integrated only approximately



by this procedure. The error from these approximations could be reduced

by using a time step that is relatively small compared to the half-life

of a radionuclide. However, the cost for computing time would increase

when computing the 100,000-yr effects using smaller time steps. The

results presented in Table 4 are based on a 1,000-yr time step;

thus, the discrepancy for C-14, which has a half-life of 5.73 x 10 yr.

is greater than that for 1-129, which has a half-life of 1.59 x 10 yr.

3.3 Problem 2 - Flux of 5 mm/r

The input values of parameters for this problem are listed in Table 5.

The output for this problem consists of cumulative curies released to the

accessible environment versus time for each radionuclide and each path.

TABLE 5

INPUT VALUES OF PARAMETERS FOR PROBLEM 2

Flux through the unsaturated zone
Total repository area
Portion of flux interacting with waste
Solubility of U
Waste package lifetime 300 yr after closure
Initial inventories those specified in Table 1
Retardation factors those specified in Table 2

Path A Path B Path C

Distance to water table (m) 250 150 150
Effective porosity 0.2 0.1 0.001
Water velocity (m/yr) 2.5 x 10-2 10-2 4.0
Flow rate m3/yr) 3.04 x 102 9.1 x lo 3.64 x 102
Release rate (1/yr) 1.8 x 10-9 5.3 x 10-10 2.1 x 0-9

For a flux of 5 mm/yr, water flows through both the fractured pathways and

the matrix pathways. The matrix of the vitric unit passes all the flux and

all the water that flows through this pathway. Path A begins contributing to

releases at the water table about 10,000 yr after closure. Flow through the

matrix of the Topopah Spring and zeolitic Calico Hills unit (Path B) is

limited to a flux of 1 mm/yr, which is approximately the saturated, hydraulic
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conductivity of the matrix, and the flow reaches the water table about 30,000

yr after the closure. Portions of flux in excess of 1 myr that flow through

the fractures in the Topopah Spring and Calico Hills units (Path C) require

only about 37.5 yr to reach the water table. As a result, all the radio-

nuclides from a repository overlying the zeolitic unit begin arriving at the

water table shortly after the leaching starts from the waste packages 300 yr

after repository closure. Path C is thus the dominant contributor to the

total releases.

3.3.1 SPARTAN Solution

Figure 3 shows the cumulative curies released to the accessible environment

through Path A. Only three radionuclides, C-14, 1-129, and Tc-99, are pro-

jected to reach the accessible environment in the first 100,000 yr after

repository closure. For Path B, only two nonretarded radionuclides (Figure 4)

are projected to reach the accessible environment in the first 100,000 yr

after closure. The contributions of individual radionuclides to the cumulative

curies released to the accessible environment through fractured pathways are

shown in Figure 5.

3.3.2 Analytical Solution

The analytical solution of the one-dimensional transport equation for band

release is quite involved Harada et al. (1980)]. The calculation of ana-

lytical solutions for Problem 2 is accomplished by using the UCB NE-10.3

(Kajiwara, 1985) for analytical solution of one-dimensional transport with

dispersion for three-member chains. A very small dispersion coefficient of

0.01 m/yr was specified in the calculation. The computer code UCB NE-10.3

is the latest version of UCB N-10 (Pigford, 1980) provided to SNL by T. H.

Pigford. The current version inproves some numerical integration techniques

of the original UCB NE-10.2 in computing analytical solutions (Kajiwara,

1985). UCB NE-10.3 gives the relative radionuclide concentration and dis-

charge rate as a function of time and path length. The time-dependent release

of cumulative curies across the boundary is obtained by integrating the

discharge rate in curies. The computer program and input data for Problem 2
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Cumulative Curies of Individual Radionuclides Reaching the
Accessible Environment Through Path A in Problem 2
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Figure 4. Cumulative Curies of Individual Radionuclides Reaching the
Accessible Environment Through Path B in Problem 2
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Figure 5. Cumulative Curies of Individual Radionuclides Reaching the
Accessible Environment Through Path C in Problem 2
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are listed in Appendix B. The computed values for cumulative curies released

for individual radionuclides through each path are listed in Tables 6 through

8. Because the UCB NE-10.3 program only computes decay for radionuclide

chains up to three members, longer chains are broken down into component

three-member chains in calculating the cumulative curies released. Radio-

nuclides assumed to be in secular equilibrium in SPARTAN are not presented in

Table 8.

General solutions of the one-dimensional transport equation without dis-

persion have been shown by Pigford et al. (1980). However, a computer program,

UCB NE-25, developed at Lawrence Berkeley Laboratory (LBL) to calculate the

analytical solution for dispersionless transport was not available at the time

that work was performed.

3.3.3 Comparison of the Results

The results from SPARTAN simulation and from analytical solutions (Tables

6 through 8) agree closely; in all cases, agreement is within 10%, and for

long-lived radionuclides agreement is even closer in most cases. A signifi-

cant finding is that, for radionuclides with relatively short half-lives, the

discrepancies are slightly larger, i.e., within 10 to 100.. This greater

discrepancy is caused by numerical approximation made in the integration of

the curie release rate in SPARTAN. Even with a small value for dispersion,

the effects of the dispersion seem to be important for long water flow time

and for radionuclides with long half-lives. Although hydrodynamic dispersion

is not included in SPARTAN, the execution time of SPARTAN is at least an order

of magnitude faster than the calculation time of the analytical solution.

Given the computing efficiency of SPARTAN, it may be prudent to enhance this

model for use in probabilistic modeling if the a priori probability of

scenarios and the statistical distribution of the parameters are available.
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TABLE 6

CUMULATIVE CURIES RLEASED TO THE ACCESSIBLE ENEVIRONMENT THROUGH PATH A FOR PROBLEM 2
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CUMULATIVE CURIES RELEASED TO THE ACCESSIBLE ENVIRONMENT THROUGH PATH C FOR PROBLEM 2
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4.0 CONCLUSIONS

A computer model that provides a simple performance assessment of radio-

nuclide transport (SPARTAN) has been developed to simulate the postclosure

performance of the Yucca Mountain repository site. The computer model pre-

sented in the report is a useful tool for the systems studies required for the

NNWSI environmental assessment document (DOE, 1984). The test problems pre-

sented in this report show good agreement between the SPARTAN simulations and

the analytical solutions. Thus, for a simple systems performance assessment,

SPARTAN can be used with a high degree of confidence for the types of problems

addressed in this report. The computation time required by SPARTAN is low

enough that its enhancement for probabilistic assessments of repository

performance may be warranted.
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APPENDIX A

COMPUTER SOURCE LISTINGS OF SPARTAN

This section contains a detailed computer listing for SPARTAN. The data

were built into the program as data statements. SPARTAN is written in FORTRAN

and is compiled and executed in a CRAY computer.
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COMPUTER SOURCE LISTINGS OF UCB-NE-10.3

This section contains a detailed computer program and the input data used

to calculate the analytical solutions.
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