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CHAPTER |
INTRODUCTION

I.1  BRIEF DESCRIPTION CF SWIFT

There are two computer codes SWIFT (Sandia Waste Isolation, Flow and
Transport). One of the codes, denoted simply as SWIFT, is a fully
transient, three-dimensional model which solves the coupled equations

for transport in geologic media. The processes considered are:

(N fluid flow
(2) heat transport
(3)  dominant-species miscible displacement (brine)

(4) trace-species miscible displacement (radionuclide)

The first three processes are coupled via fluid density and viscosity.

Together they provide the valocity fieid on which the fourth process

depends.

The second computer model, SWIFT/SSP, is, for the most part, a

specialization of the above. The processes considered in this case are:

(N steady-state fluid flow

(2) transient trace-species migration




Like its counterpart, this model is three-dimensional and permits a
transient solution of the radionuclide equation. HHowever, in order to
achieve computer efficiency for what has been found to be a relatively
large class of applications, the SWIFT/SSP version is limited to

steady-state fluid flow with no heat or brine transport.

1.2 PURPOSE OF THE SELF-TEACHING CURRICULUM

The purpose of this manual is to assist new users of the S5P version. The
teaching method is based on seven problems. All of these problems have
been used previousiy in the SWIFT Self-Teaching Curriculum (Finley and
Reeves, 1981), and the numbering used there has been retained herein to
facilitate cross comparison. Since the SWIFT/SSP version is limited to
steady-state fluid flow with no heat transport, Problems 6, 8, 9 and ||
from SWIFT Self-Teaching Curriculum are omitted in this document.
For this document, however, some of the input-data fields have been
left blank. The reader is expected to fill in these blanks using the data
provided and the User's Manual for SWIFT/SSP (Cranwell and Reeves,
1981). Correct data sets (with blanks filled) are given in the appendix

(upside down, of course).
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CHAPTER 2
PHYSICAL SETTING

2.1 THE REFERENCE SITE

The illustrative problems used in this document are based on a
bedded-sait reference site. in Problems |, 2, 3 end 7, this system is
simplified rather substantially in order to demonstrate the basic opero-
tion of the SWIFT code. In the others, i.e., Problems 4, 5 and 10, both
regional and depository near-field representations are used. Hence, it is

expedient to discuss the bedded-salt system.

The reference site is entirely hypothetical, yet its physiographic setting
and geologic and hydrologic properties are analogous to several regions of
the continental USA. The site is located in a symmetrical upland valley,
half of which is shown schematically in Figure 2-1. The crest of the
ridge surrounding the valley is at an elevation of 6000 feet; the crest is a
surface and groundwater divide so that only water moving in the valley
falls in the valiey itself. The valley is drained by a major river, RiverL,
which is at elevation 2500 feet opposite the surfoce structures of the
repository. Stream valleys tributary to RiverL exist, such as Riverl,
but these are normally dry. The valley receives a mean annual rainfall of
40 inches per year, of which |16 inches are lost by evapotranspiration and

the remaining 24 inches recharge the groundwater system.
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Yable 72-1

AQuifer Properties

UPPER SAND UPPER MIO0LE LOWER LOWER ENTERED ON
PRUPERTY AL GRAVEL SHALE SANDS TONE SHALE SALTY REPOSITORY SANDS TONE BEOROCK CARD®
Symbol used on Fig. 2-2  ftjda I 2 3 - ) 6 ?
L‘JE'_!E)" onductivily
Hor izontal ft/de 270 10-2 50 10-¢ 10-3 a0 N/A R1-20,R1-21
vertical tt/da 2 10-5 1.4 10-3 10-6 7 N/A R1-20,R1-21
Porostity fractional 83 0.3 0.3 0.3 0.03 0.3 N/A R1-20,R1-71
Uispersivity
Longitudinal ft $60 N/A R1-2
Transverse fi o 50 N/A Ki.2
Density - of solid rock Iu/fed LY 170 N/A k1.3
Inermal Conductivity Bty
of fTuid so11d medium Tt-ga-%F
Horizontal Btu RV 58.05 N/R R1-2
ft-da-*F
Vertical Btu W 45,34 40.6 R1-2,R)-12
Ti-da-*F
Heat Cepucity-of solid rock _ Btu 1/ 26.0 28.7 RI-1,RY.12
fei-of
Moleculer Diffusivity t1é/as o 1.0 x 103 N/A R1-2
Compressibility of matrix  (psi)-] 3.0 x 10°6 N/A R1-1

1/ Thickness weighted averages of properties of individusl layers as specified for thermal conduction mocel.
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There are really two groundwater flow systems in the cross section. The

upper systern is restricted to the upper sand and gravel unit and upper
clay uvnit. In the upper system, recharge between River!) and River L
flows and discharges to RiverL. The lower flow system is confined
beneath the upper cloy and is the system that influences the repository.
The lower flow system receives all the recharge above River U which also

discharges into River L.

In order to distinguish between these systems, the LUUSGS flow model was
gridded so that the discharge from each to RiverL was calculated
separately. The results of the steady-state simulation can be

summarized as follows:

Oischarge to River L from upper flow system: 8.2 x |02ft3/do.ft
Discharge to River L from lower flow system: 7.5 x 10243 /da.ft
Total discharge per | ft. length River L: 15.7 x leftB/dc.

To compare th» flow simulations by the LUSGS model and SWIFT, SWIFT
was run to steady-state flow conditions. The SWIFT comparison
calculation covered the "half-system"” shown in Figure 2-3. This system
covers only the lower flow region and only that portion of the lower flow
region extending from River L to a distance of 157,500 feet up-dip from
River L. Constant boundary pressures were used along the left edge,
taken from the USGS model results, and a well discharging at a head of
2500 feet in the upper right block was used to simuiate the discharge to

River L from the lower flow system. At steady state, the discharge from
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CHAPTER 3

SAMPLE PROBLEMS

3.1 PROBLEM 1.1-D FLOW WITH AQUIFER-INFLUENCE BOUNDARY CONDITIONS




3.1.1 Objectives

The objectives of this problem are:

I. Hlustration of the use of aquifer-influence functions

2. Familiarity with input and output of the SWIFT/SSP program

Boundary conditions for the flow equation may be one of two types; i.e.,
either a prescribed constant value of the dependent variable or a
prescribed derivative, typically a flux. The former is imposed by means
of both aauifer-influence functions and "wells" (through a bottom-hole
pressure limitation), and the latter is imposed only by means of "wells".

This example illustrates the use of aquifer-influence functions.

3.1.2 Description of the Problem

Assumptions. The reference system described in Chapter 2 is
grossly simplified here to satisfy problem objectives as simply as
possible. First, only the middle sandstone layer is considered. Thus, all
possible couplings to other parts of the system are ignored. Second, a
one-cimensional approximation is used. Finally, radionuclide migration is
not considered. Thus, the problem is to simulate one-dimensional fluid
flow in a sandstone aquifer. The simplified system is shown schemati-
cally in Figure 3-1 and the appropriate hydrologic properties are

presented in Table 3-1.




, 305,000’

. .. .
Figure 3-1 One-Dimensional Representation of Middle Sandstone
Agquifer.



Table 3-1. Hydrologic Properties for Problems |, 2 and 3

Parameter Symbol Value
Hydraulic Conductivity K
Problems | and 3 50 ft/day
Problem 2 25 ft/day
Porosity ® 0.3
Rock Density PR 170 1b/ft>
Compressibility of Water o 3.2 x 1076 psi'l
A 6 .-l
Compressibility of Rock R 3.0 x 10 psi
Viscosity of Water [ | ep

Density of Water P 62.4 lb/ft3
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3.1.4 Examination of Results

A listing of output data is given in the enclosed microfiche. The reader
will need to carefully examine the results given there. In particular, the

following items should be verified:
(1) initial arrays, especiaily transmissibilities (see note below)
(2) summary table

(3) pressure and Darcy velocity arrays

Transmissibilities. It is important to examine the fluid

transmissibilities since these quantities control the block-to-block flows.
Initially, they are calculated in the SWIFT code for the x-direction, from

iteration invariant parameters by the relation

o - AxiijAZk

T - .
kx) kx
1 i+1]

(3.1-3)

initial transmissibility (f?3 * cp/psi * da)

"

where T ©
w

k permeability in x direction (ft2 * cp/psi * da)

X

spatial increments (ft)

Axl.AyJ nAzk

22



Permeability k is calculated trom initial data by the relation
X

reference viscosity (cp)

3
reference density (Ib/ft™)

hydraulic conductivity (ft/da)

The significance of transmissibility is that after inclusion of its

ymponents throuagh the relation




inter-block flow (Ib/da)

-
"

transmissibility (Ib/psi.da)

4p inter-block pressure change (psi)

Equation (3.1-5) is implemented for individual grid-block interfaces by
using the average density of the neighboring grid blocks. Viscosity is
assumed to remain constant at the reference value over the entire
system. The numbers appearing in the array entitled "X-Direction

Transmissibility" should be verified for accuracy, using this equation.

24




3.2 PROBLEM 2. |-D FLOW WITH PRESSURE-LIMITED WELL BOUNDARY CONDITIONS
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depository. Furthermore, a one-dimensional approximation is used to

satisfy problem objectives as simply as possible. The simplified system is

shown in Figure3-1, and the hydrologic properties are presented in
Table 3-1, Here, in contrast to Problem |, the hydraulic conductivity is

lowered by a factor of two to 25 ft/day.

3.2.3 Preparation of Input Data

Figure 3-3 gives a partial data set, which is to be completed by the

reader. The missing data pertain to the hydraulic conductivity of the

sandstone and the well parameters.

Well Data. The Well Cards R2-4, R2-6 and R2-7 are described in
the User's Guide. The input provided gives the number of wells, rates of
injection (minus sign) and production (plus sign), location and additional
descriptive information, which includes well index, specification index
and bottom-hole pressure. The well index Wlo simply gives the trans-
missibility of the so-called skin region which immmecdiately surrounds the
well. (For recharge, this quantity typicaily is identical to the trans-
missibility of the surrounding formation.) The model for injection then
relates a volumetric flow to a head drop between hottom hole (th)

and grid-block center (H) through the relation

q = Wi (Hy-H) (3.2-1)

~J
~J
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With regard to specification option, there is one difference between
steady state (SSP) and fully transient (PTC) versions of SWIFT. For the
former [IINDWI. = 3 means pressure control only; whereas for the
latter [IINDWI| = 3 implies a time-dependent switching between rate
and pressure limitations depending upon the relation between calculated

and prescribed bottom-hole pressures.

3.2.4 Examination of Results

The following items should be verified:
(1) well data

(2) consistency between well rates and pressure drops

(3) pressure-at-depth array

29



3.3 PROBLEM 3. 1-D TRANSPORT OF A DECAYING RADIONUCLIDE

30
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Table 3-2. Radionuclide Parameters for Problem 3

Dispersivity (ft) 100
Half-Life (yr) 3.18
Distribution Coefficient (ft>/Ib) 0
Solubility Limit {(ppm) |
Molecular Diffusivity (ftzlda) IOJ‘

32
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Preparation of Input Data

Juded

Figure 3-4 gives a partial data set which is to be completed by the

|

reader. The missing data pertain to four items, namely

(1) characterization of radionuclides in terms of half life and

distribution coefficient
fispersivities and molecular diffusion coefficient
radioactive sources

(4) time differencing

for Items (1) = (3) may be determined from the above information.

\IY sy

For Item (4), it is desired that the CIT-CIS method be used since it is the
least restrictiv> for this problem. Thus, it is necessary for the reader to
consider the numerical criterion from Table 3-3. In general, one should
onsider the half-life limitation on the time-step, as discussed in
the User's Manual. For this problem, however, the latter

ire nonresirictive, and only the transport criteria of Table

|

\ ) >
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& o5 = (% = Rga) /Bxey (3.3-6)

The various distances xp are defined by the distribution of relative

concentrations:
C(xp)/Co = (p)f()&,)/IOO, o 16,50,84 (3.3-7)
here the decay factor f is given by
f(x) = exp ~(x/2D)(w-v) (3.3-8)
Here the effective retarded velocity is qiven by
we {2 w2 (3.3-9)

where D is the dispersion (D = av) and \is the dec~ zonstant. As shown,
Eq. (3.3-7) is nonlinear in Xoe However, it may be solved relatively

easily in this case by taking

XSO = wt (3-3"'0)
and

f= f(xso) = constant (3.3-11)
The latter will permit the evaluation of X5 and Xas, from the

numerical profiles. The effective dispersivity a ¢ may be then eval-

vated from Eq. (3.3-7) for comparison with the physical dispersivity « .

37



3.4 PROBLEM 4, 2-D FLOW FOR A REFERENCE BEDDED-SALT DEPOSITORY SITE

38






3.4.2 Description of the Problem

The Physical Setting. The physical setting here is the same as that

for Problems | through 3. in those problems the middle sandstone unly
was considered since the objective was primarily to demonstrate various
features of the SWIFT code and various numerical artifacts. Here the
physical system described in Chapter 2 is characterized in much more
detuil. Figure 2-4 shows the geologic cross section with the various
sedimentary layers and gives the vertical and horizontal gridding, as well
as the recharge and discharge areas. Aquifer aid fluid properties are
given in Tables 2-1 and 2-2.

Assumptions. Four assumptions are made for purposes of the flow
modeling. They are given in Section 2-2. These assumptions mean that a
two-dimensional model may be used and that the upper sand and gravel
zones have no influence on the flow domain in which the depository is

located. Thus, those two zones are omitted in Figure 2-4.

Boundary Conditions. In addition, the assumptions give the

recharge boundary condition. Since the flow is two-dimensional, we
arbitrarily take the width (into the plane of Figure 2-4) to be | ft. Thus,
for the recharge area shown in Figure 2-4, of length 135,000 ft, the total

inflow is

q = 740 f?3/dov (recharge) (3.4-1)

40



The two rivers are simulated in the same manner as in Problem 2. Thus,
the depth of each river is taken to be identical to the local elevations,

yielding the pressure condition

p=0 (rivers) (3.4-2)

All remaining boundaries have no flow conditions due to an impermeable
bedrock below, the lack of flow through the upper shale above, a
ground- water divide at the extreme up-dip boundary and symmetry for
the boundary below River L. Such conditions all follow from the

assumptions given.

3.4.3 Preparation of Input Data

Figure 3-5 gives a partial data set which is to be completed by the
reader. The missing data pertain to Items (2) - (5) of the objectives
listed above. The reader is expected to supply this data using the data
given herein and the User's Manual with an occasional reference to the

SWIFT Curriculum.

3.4.4 Examination of Resuits

in examining the computed printout (see microfiche listing), one should

take note of several questions:

4l






Figure 3-5. Partial Listing of SWIFT/SSP Input Data for Problem 4.
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3.5 PROBLEM 5. 2-D NEAR-FIELD TRANSPORT FROM A BEDDED-SALT

REFERENCE DEPOSITORY

&
~Jd



3.5.1 Objectives

The objectives of this problem are:

I. To calculate the steady-state fluid flow and the transient-state
radionuclide trarmsport which would result from a U-tube

breachment scenario for a depository

2. To understand the use of aquifer-influence functions for near-

field simulations

3. To illustrate the use of rock-dependent distribution coefficients

4. To illustrate the use of the waste-leach model

5. To demonstrate the intentional violation of numerical criteria

With knowledge of the steady-state hydraulic potentials at the depository
site from the previous example, one is able to extract fluid-flow
boundary conditions for more detailed near-field radionuclide transport
calculations. It is, of course, desirable to restrict the spatial domain for
the transport simulation to the near field whenever possible because of
the storage and time requirements necessary to satisfy the numerical
criteria of Table 3-3. The object of this problem is to perferm such a

near-field simulation as a demonstration.



3.5.2 Description of the Problem

The Physical Setting. Figure 3-6 shows a cross-sactional view of

the system. As shown, this is simply a subsystem of the regional system
used in Problem4 (Figure 2-4). The near field includes the entire
thickness of the full system. However, its length has been truncated to
20,000 ft. Relative to the regional simulation, the left-hand boundary is
located at the centerline of Column32. Hydraulic parameters are the

same as for the previous probiem and are given in Tables 2-1 and 2-2.

Depository Breachment Scencrio. The depository is located at a

depth of 1500 feet from the interface between upper shale and middle
sandstone, and its centerline is located 6500 feet to the right of the
left-hand boundary for the near-field systenmi. It is assumed to measure
8,000 feet in length by 50 feet in height. As is indicated, two vertical
connections to the middle sandstone are present. These connecting legs,
together with the depository, would constitute a !U-tube breachment
scenario. Due to the slope of the system (not shown in Figure 3-6), there
is a pressure drop between the two legs, resulting in a flow through the
U-tube. The vertical connections are taken to be 250 feet in width wit"
a lateral extent (into the page of Figure 3-6) comparable to that of the
depository itself. The hydraulic conductivity and porosity of the entire

U-tube are arbitrarily taken to be

KU = |.0 ft/daand ¢ = 0.5 (3.5-1)
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Thus, the two vertical legs represent a rather massive communication
between depository and aquifer and could pessibly result from a thermal
fracturing process. Our intent here, however, is not to formulote a
realistic U-tube hreachment scenario but to demonstrate the SWIFT/SSP
code and to develop physical concepts for such a scenario. Properties of

the radioactive-waste component are given in Table 3-4,

Boundary Conditions. The basic idea here is to reproduce on a

local scale the flow obtained in the previous problem. This may be done
quite easily. First of all, no-flow boundaries are prescribed along the
upper and lower horizontal bounding surfaces just as they were along the
same surfaces for Problem4. Calculated pressures are taken from the
previous problem and used as boundary conditions for the two vertical
surfaces (with some linear interpolation for the fine-mesh recion of the
rear-field grid). As for the radioactive component, a source is provided
by the waste-leach model in its simulation of the depository. A constant

leach rate is assumed such that the leach time is 10,000 y.

3.5.3 Preparation of Input Data

Figure 3-7 gives a partial data set which is to be completed by the
reader. The missing items are intended to direct the reader's attention
to certain items which are illustrated by this problem. Aquifer-influence
boundary conditions may be obtained from the pressures given in
Columns 32 and 37 for Problem4, using interpolation where required.
Distribution coefficient and waste-leach parameters maoy be obtained

from Tabie 3-4,
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Table 3-4. Properties of a Hypothetical Radioactive-Waste Component

Property Volue
Initial waste density within depository 5 Ib/ft>
l.each time 10,000 y
Solubility °
Distribution coefficient in salt 0
Distribution coefficient in shaie and sandstone I.6 ft3/lb
l_ongitudinal dispersivity 150 ft
Transverse dispersivity 50 ft

52



Figure 3-7. Partial Listing of SWIFT/SSP Input Data for Problem 5.
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3.5.4 Examination of Results

There are several questions which may be asked concernina the computer

output,

What is the interpretation of the pressure map?

Based on a comparison of the Darcy-velocity field here with
that of Problem 4, do you think that the presence of the !I-tube

has perturbed the near-fieid boundary appreciably”?

Can the reader verify the concentrations within the deposi-

tory at 10,000 y with a rough hand calculation?

What is the significance of the print-out time of 400y, 10,000 v

and 10,250 y?

Have the CIS-CIT criterio of Table 3-3 been violated by the
chosen space steps? If so, what is the significance of such a

viclation?

Have the CIS-CIT criteria of Table 3.2 been violoted by the
chosen time-steps? [f so, what is the significance of such u

violation?

The reader may wish to consult the Jiscussion for Problem 5 in the SWIFT

Curriculurn before answering Questions 5 and o,

n
~3



3.6 PROBLEM 7. 1-D TRANSPORT OF A 5-MEMBER RADIONUCLIDE CHAIN




3.6.1 Objectives

The objectives of this problem are:

I. Simulation of the transport of a 5-member chain

2. Application of numerical criteria to the transport of a chain

3. Restarting the SWIFT code

MNumerical criteria were introduced in Problem 3. They apply rigorously
to the case of one-species transport. For the case of daughter products,

however, these criteria may, at times, be relaxed fo great advantage.

In performing lengthy and complex computations such as those sometimes
encountered for radionuclide chains, it usually is advisable to restart the
SWIFT/SSP code several times. If a problem develops, it is necessary
ihen only to return to the last restart record, rather than to redo the
entire calculation. Mumerical criteria and creation of a restart record
are considered here in conjunction with the simulation of transport for a

S5-nuclide chair..
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3.6.2 Description of the Problem

The Physical Setting. The underlying physical picture here is the

bedded-salt reference site discussed in Chapter 2. The basic idea is that
depository containment is somehow breached, resulting in release to an
overlying aquifer, and that transport occurs to a biosphere-discharge
point. Details of the simplified hydrological system are given in
Table 3-5.

The radioactive chain which is considered here is the following:
Pu242 —= 1238 — U234 — Th 230 — Ra226

Table 3-6 gives the (assumed) initiai inventory of these components, and

their (assumed) constant leach rate is characterized by the leach time
S
T= lo y (3-6")

Table 3-6 also gives the retardations chosen for these radionuclides in

this demonstration problem.

Assumptions and F xtensions. As was mentioned in connection with

Problem4, flow can be modeled on a much larger scale than con
transport since tne restrictive numerical criteria, due to convection, do
not apply to flow calculations. One alternative for treating the transport

is to focus multidimensionally upon the near field nf the depository, as

60



Table 3-5. Geometric and Hydrological Parameters for Problem 7

Parameter
Length
Interstitial velocity

Flow rate

Value

10,000 f1.
10 ft/y
0.0274 £13/day



29

Table 3-6. Properties of the Radionuclide Chain Used in Problem 7

Nuclide Half Life Solubility Retardation** Inventory Conversion
(y) (Ci) (Ibs) (Ci/ib)

Pu 242 3.79x10° 1.0x10™° 500 1.36x10°  7.85x102 1.73

U 238 4.51x10° 2.0x107% 2500 1.07x102  7.01x10° 1.53x107%

U 234 2.48x10° 5.3x10° 2500 483x10°  1.70x103 2.84

Th 230 7.7x10" 2.5x10° 1000 6.02x10'  4.39 9.16

Ra 226 1.6x10° 1.0x107° 100 7.03 1.57x1072 4.49x102

+ The solubility for uranium has been partitioned via the initial inventories (in Ibs) in order to satisfy the

input demands of SWIFT,

++ Retardation is defined as the ratio of groundwater velocity to radionuclide velocity.



was done in Problem 5. A second alternative is to define a dominant flow
path through, say, point tracking, and then perform a one-dimensional
transport simulation on that path. Thus, one-dimensional simulation of

transport can be a very useful tool in sofety assessment of a nuclear-

waste depository.

3.6.3 Preparation of Input Data

If one were to blindly proceed to apply numerical criteria in this case, he
would find the half life of Ra (1600y) to be restrictive. The resulting
data deck would lead to an inefficient execution, however, since
computer times may be reduced by about a factor of about 20 by applying

some physical insight to the problem.

The rationale used here may be seen from Table 3-7. This table ignores
both dispersion and production after discharge from the depository. It is,
nevertheless, quite useful for purposes of organizing the calculations. As
is indicated, Ra is expected to break throuah first, followed by Pu, Th
and the two isotopes of L. The half life of Pa (1.6 x IO3 y) is much less
than its breakthrough tirne (IO5 y). Thus, a negligible quantity of that
Ra released from the depository will actually be discharged from the

system. Therefore, Ra is ignored in constructing our data sets.

s
Lad



Table 3-7. Migration Times ond Time-Step Criteriol’2

Nuclide Migration Time3 Order of Time-Step Control”
(yx106) (caxi08) Breakthrough yxI0%  yx|04

Pu 252 0.5-0.6 1.8-2.2 2 1.0 1.0
U 238 2.5-2.6 2.1-9.5 4,5 5.0 5.0
U 234 2.5-2.6 9.1-2.5 4,5 5.0 5.0
Th 230 1.0-1.1 3.7-4.0 3 2.0 2.0
Ra 226 0.1-0.2 0.4-0.6 | 0.16 0.12

Assuming (1) no dispersion and (2) no production after discharge from
depository.

2 This 1able is used only for planning the simulation. It does not repre-
sent calculated results.

3 Leach time is taken to be IOS Yo

4

As required by the numerical criteria.
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As a precautionary measure, sluas of the various nuclide components,
which are released from the deposiiory, are tiracked by separate
restarts. There are therefore four input dato sets, the primary data set
shown in Figure 3-8 and two restari data sets. The primary data set is
set up to resolve the slug of Pu as it brecks through. The first restart
data set captures the behavior of the thorium relsased from the
depository, and the second captures that of the two ) isotopes.
Time-steps are prescribed via Table 3-7 within each restart relative to

only those components which remain in the system.

For each component, a disiinction is made between the portion which is
released from the depository and the portion which is produced Yy
radioactive decay. For all radionuclides other than Ra, numericr_f',
criteria must be applied to that portion which is released directiv from
the depository. For Ra, that portion has decayed to negligible amounts
by the time release to the biosphere occurs. Thus, the only Ra which is
released from the system is that portion which is produced by the decay
of Th. The importance of the distinction between that released and that
produced is that numerical criteria need not be applied to & dauvahter

product which is in secular equilibrium with its parent.

Figure 3-8 presents a partial listing of the primary data set which .t~ he
completed by the reader. Furthermore, the reader is asked to cons!~uct
the first restart data set for the SW!FT/SSP code. It may be helpful here

to refer to the SWIFT Curriculum (Prosiem 7).
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Figure 3-8, Partial Listing of SWIFT/SSP Input Data for Problem 7.







ONY=1=( N
L=t
9=t
1-fn
i=tn
Y-l ™
t=(»
1=-tn
R

"3

68



3.6.4 Examination of Results

The missing data refer both to time-step and restart specifications.
(Note that recurrent data sets are prescribed so as to resolve the

dispersed slug of Pu as it breaks through.)

It is instructive to track the peak value of Pu242 from IOSy to
7x|05y. It is also instructive to note the peak value of each
radionuclide at the latter time. Can the reader explain such behavior in

each case?






3.7.1 Objectives

To calculate steady-state, fluid pressures based on brine

concentrations within the reference system

3.7.2 Description of the Problem

The entire bedded-salt reference site is used here, just as in Problem 4.
This system is described in Chapter 2. In particular, however, the reader
is referred to a cross-sectional view of the sedimentary sequence in
Figure 2-4 and aquifer and fluid parameters in Tables 2-1 and 2-2.
Additional brine-transport data are given in Table 3-8. In Problem4,
pressures are calculated based on fresh-water fluid densities throughout
the system. Here, it is desired to include a variable density based on
brine concentrations so that the effect upon flow through the depository
may be assessed. To solve such a problem, one would normally do a
steady-state calculation for flow and brine. re, however, because of
the nature of the system, an acceptable approximation consists of setting
brine concentrations to saturation within the bedded salt and zero
elsewhere and performing a steady-state calculation only for pressure

using the resulting variable-density field.



Table 3-8.

Parameter

Product of dissolution rate

and solubility fraction

Longitudinal dispersivity

Transverse dispersivity

Brine Transport Data

Sy

~J
N

Value

1.0 x 10~3/d

500 ft

50 ft




3.7.3 Preparction of Input Data

A partial listing of the date is shown in Figure 3-9. The reader is
requested to fill in the blanks, which refer to density variation and

(assumed) brine concentrations.

3.7.4 Examination of Results

In examining the computed printout (see microfiche), it is useful to

consider the following questions:

I. How is the pressure changed relative to the simulation of

Problem &4 in the vicinity of the depository (Row 7, Column 34)?
2. What is the dominant direction and magnitude of the Darcy

velocity within the depository? How does this differ from

Problem 4, where the density of fresh water was used?
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Figure 3-9. Partial Listing of SWIFT/SSP Input Data for Problem 10.
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