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ABSTRACT

This document de2:ribes the NEFTRAN 11 (NEtvork riow and Transport in
Time Dependent Velocity Fields) computer code and is intended to provide
the reader with sufficient information to use the code. NEPTRAN 11 was
developed as part of a performance assessment methodology for storage of
high level nuclear waste in unsaturated, welded tuff. NEITRAN 11 is a
successor to the NEITRAN and INIT/DVM computer codes and contains several
new capabilities. These capabilities include: 1) the ability to input
pore velocities directly to the transport model and bypass the network
fluid flow model, 2) the ability to transport radionuclides in time-
dependent velocity ficids, 3) the ability to account for the ef fect of
time-dependent naturation changes on the retardati;n factor, and 4) the
ability to account for time dependent flow rates through the source
regime. In addition to these changes, the input to NEITRAN 11 has been
modified to be more convenient for the user. This document is divided
into four main vections consisting of 1) a description of all the models
contained in the code, 2) a description of the program and subprograms in
the code, 3) a data input guide and 4) verification and sample problems.
Although NEITRAN 11 is the fourth generation code, this document is a
complete description of the code and reference to past user's manuals
should not be:necessary.
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1.0 INTRODUCTION

!1his report describes the NEITRAN 11 (tiEtwork flow and IBMsport in Time.
Dependent Velocity Fields) computer code developed by Sandia National
1.aboratories (SNL) for the U.S. Nuclear Regulatory Commission-(NRC). The
following sections discuss pertinent background concerning the NEITRAN 11
computer code, the purpose of developing the code, and the structure of ;

this report.

iII htti&EP.und |

NETTRAN 11 is the fourth in a family of codes developed by SNL for the'

NRC, predecessors to NETTRAN 11 are NEPTRAN (longsine and others,1987), i

NWIT/DVM (Campbell and others, - 1981b), and NW}T (Campbell and others, ,

1979). These codes have evolved such that each new version contains all '

the capabilities of its .immediate predecessor in addition to new
features. INIT and INIT/DVM were developed as a tool to help the NRC
assess the perforreance of high level radioactive waste disposal sites in
geologic media. Specifically, NVFT and NVIT/DVM were used to simulate
radionuclide ground water transport. through saturated porous media frois a
repository to-a discharge point. With NEFTRAN, the capability to
simulate transport throur,h saturated dual porosity or fractured media was
added. In NETTRAN II, the capability to transport radionuclides through
time dependent velocity fields, which may be applied to simulate trans- |
port in unsaturated media, has been added. INFT changed as (1) the sites i

considered for HLV disposal changed, (2) the analyses required to apply ;
'

for Itcensing and assessing a license evolved, and (3) the standards for
HLW disposal and analyses required to prove compliance with those stan.
dards evolved. Although NEITRAN 11 is the fourth. generation code, thia ;

document is a complete description of the code ' and reference to past '

user's manuals should not be necessary.

1.2 Purnose
,

The purpose of the NEITRAN 11 computer code is to simulate radionuclide
transport in ground water as part of a perforuance assessment methodology ,

for a high level radioactive vaste repository. In the performance
'

assessment methodology, a large number of simulations are required to ;
address parameter uncertainty and sensitivity. Furthermore, aince the
performance measure for a HLV repository in the U.S. is integrated' dis. :

charge to the accessible environment at 10000 years - relatively long
simulation times are required. Consequently, the radionuclide-transport
code for use~in a performance assessment methodology must be computation. i

ally efficient, as well as being able to simuiste the transport of
multiple radioactive chains with multiple members.- NEITRAN 11 and its
predecessors were developed to meet these performance assessment require-
ments.

,

There are several ways in which NEITRAN 11 can be used in a performance-
assessment methodology. For a saturated, steady state flow field, the
network flow model contained in NETTRAN 11 can be used in conjunction
with a detailed flow model such as that contained in the swift 11 code *

(Reeves and others - 1986a, 1986b). The mathematical models = in - the
SWilT 11 code are based on the assumption that the medium in which flow

11
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and transport are occurring is continuous, which may lead to a fully
mu1* * dirsensional flow systers. The flow and transport models contained
ir, NET 'RAN 11 are based on the assumption that all significant flow and
radionuclide transport takes place along pathways that can be sirnulated

discrete one dimensional legs or paths. These legs are assembled toas
form a multi dimensional network representation of the flow ficid. To
define this network representation and the amigration path, the results of
a detailed flow model (such as the one contained in SVliT 11), and a
particle tracking method (such as the one used by Bonano and others,
1989) can be used. The particle tracking method is used to define the
trajectory that a tracer particle released froin a given point (e.g., the .

repository) will follow until it crosses sorte prescribed boundary (e.g. ,
the accessible environment) in the flow field predicted by SWili 11.
Based on the particle tracking model and the flow field predicted by
SWIFT 11 the length, location of end points, cross sectional area, migra-
tion path, and all hydraulic properties of each leg in the network flow
sys t e rn can be defined. Vith the appropriate boundary pressures from

.

SWIIT II, the network can reproduce the flow field. As long as this
reproduction remains valid under statistical variation, the une of a
network to define the flow field makes NEITRAN 11 a teoro computationally
efficient code than codes like SVitT 11 and therefore, for the inultiple
simulations required for performance assessment, using NEITRAN 11 is more
practical.

NEITRAN 11 can also be used in a performance assessment methodology with-
out utilizing the network flow model (i.e., without modeling flow), by
direct input of pore velocities into the transport model. In this case
NETTRAN II can be coupled with a flow anodel such as the one contained in
DCH3D (Updegraf f and 1.ee, 1991), which simulates flow in unsaturated,
fractured media. Again, a particle tracking method would be used to
determine a dominant one dimensional transport path for NEITRAN II frora
the results of DCM3D. Signif' cant changes in pore velocities and satura-
t. ions with time along this path can also be determined f rorn a detailed
flow rnodel such as the one contained in DCM3D and then utilized by
NETTRAN 11. for the radionuclide transport analysis. The underlying
assumption is that the flow path is essentially constant with time and
only the magnitude of t.he velocity is time dependent.

Although NEFTRAN 11 is designed for a perfortnance assessment methodology,
it can be used for general analysis of radionuclide transport in ground
water and can be run easily by a wide variety of users. NEFTRAN 11 may
appear extremely simple to use, but applying it to a problem, and the
meaning of the results obtained, requires as much thought and analysis as
usin6 what might appear to be a nore complex code. For this reason, the
user must have knowledge of flow and transport through porous media and
must be able to discern when the models contained in NETTRAN II are
adequate for the problem being simulated. The purpose of this report is
not to tell the user ghtD to use NETTRAN 11, but rather hay to use
NEFTRAN 11 once the user has decided the models that it contains are
appropriate for the specific problem being simulated.

1-2
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1.3 Etport structure ;

i

The structure of this report is as follows. Chapter 2 describes the
models contained in NEFTRAN 11, which includes the network flow model, j
the analytical transport model, the source model, the distributed t

*velocity method (DVM) transport model, and the matrix dif fusiori del.
Chapter 3 describes the code structure, the parameter statements . in >

the code, the common blocks used in the code, and the subroutines con. |
tained in the code. Chapter 4 is a data input guide, and verification ;

and sample problems are presented in Chapter $. I'or the first time user,
'

it is recomreended that Chapters 2, the first section of Chapter 3, ;

Chapter 4 and Chapter 5 be read initially, since the last three sections
of Chapter 3 and the appendices are a more detailed description of the
actual code and may be of more utility as the user gains experience with
the code. Special attention should be paid to sections 2.4.3 and 2.4.4
which describe the criteria for space. and time. increment determination. '

The numerical criteria for the DVM numerical technique used in NEFTRAN 11
are substantially dif ferent from other numerical transport schemes snd i

must be understood before the code can be used properly.

._ _
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2.0 DESCRIPTION OF MODEl.S

The following sections describe the flow, source, and transport models
contained in NETTRAN 11. The theoretical basis for each model, as well

as numerical implementation, is discussed.

The first step is to define the ground. vater flow path and, if necessary,
the Ground water flow rate through the source region. These can be
defined in one of three ways:

specify the geometric and hydraulic properties of a flow network-

in the standard NETTRAN 11 input file (described in Section 4)
and use the - network flow model (described in Section 2.1) to
solve for the pressures, flow rates and velocities.

input pore velocities and source flow re M s via the standard-

NEITRAN 11 input flic, or

input pore velocities and source flow rates from external files-

(described in Section 2.4.11 and Section 2.3.2). This option was
designed to allow f or time dependent flow behavior _ when
simulating radionuellde tratisport.

After defining the ground water flow path, the next step is to simultto"

radionuclide transport.

Section 2.2 contains the theory and implementation for an analytical
solution to the convective dtspersion transport equation. This solution
1s - restricted to (1) decay chains having no_ more th.in three members.
(2) each member of the decay chain must have identical retardation
factors, (3) a steady state flow field, and (4) the source must be
equivalent to a concentration boundary condition. This analytical
solution, coupled with a network flow model (fixed number of Icgs and
junctions), comprised the INIT inodel (Campbell, and others, 1979).

Introduction of;the distributed velocity method (DVM) (Campbell and
others,1980) for_ radionuclide transport into !NFT resulted in the second
code of the sequence, ! NIT /DVM (Campbell and others,1981a,1981b). With
DVM, many limitations imposed by use of the analytical solution were
eliminated by allowing : the consideration of radion.uclide chains of
arbitrary length, the members of which could have significantly different
retardation factors. Most of the capabilities of ! NET /DVM - NEPTRAN
(Longsino and othe rs , 1987) and NEFTRAN 11, center around the DVM

. technique. For example, the source model (described 'in Section 2,3) was
developed - specifically for; DVM and the matrix dif fusion model (Section
2.4.10) is directly coupled to DVM. The capability to transport radio-
nuclides in time dependent velocity fields (discussed in Section 2.4,11)-
is also directly coupled to the DVM transport model. None of - these
modils can be used with the analytical transport solution.

21
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2.1 Network Flow Model

2.1.1 Theory

In the flow network inodel, the driving force for flow throur,5 a ler, is a
pressure gradient. Consequently, the network flow inodel contained in
NEPTRAN II can be used to simulate saturated ground water flow. The flow I
network is used to represent a saturated flow system by solving the
conservation of-mass equation at each junction. This principle can be
expressed mathematically as

.t Mjj-0 (2.1),

where the sum is over all lege connected at the given junction, and M, in
the mass flow rate for the ju' le6 in units of mass per unit time. Flow
rates into the junction are considered positive and flow rates out of the
junction are considereu negrtive. Figure 2.1 illustrates this principle
for three legs surrounding a junction.

For this simple example, Equation 2.1 becomes

Hg+MyM3-0
or (2.2)

My+H2~N3*

(1) M (3) M (4)
3 3

: 0-

+ --->,

!M e

(2)

Figure 2.1. Illustration of Conservation of Mass at a Junction

22



If the fth leg is bounded by Junctions 11 and 12, the mass flow rate in
the leg is defined by

'( Pjg Pf2) (E Ef2)
-jg

"1 ~# Kh * (I'b}1 f1 E, fjg E
*

j

where A is cross sectional area (length 2), lj is hydtaulic conductivityf
(length / time), E is elevation of the ith junction, g is the

off,havity (length / time ), P is pressure (force /arca) attacceleration
jI

the ith junction, E, is length of the leg, and fj is fluid density

(mass / volume). Equation 2.3 incorporates the sign convention that M,heis
| positive if the flow direction is from Junction 11 to Junction 12. T
'

hydraulic conductivity is weighted as ,

:

k' 'n g' 't j
'

,

' x-x (2.6) ;1 1 , , , , , ,y

for the effects of brine concentration on the flow; K', is theto account
fresh water hydraulic con <tuctivity for the fth leg, u, and p the viscos-i

ity (mass / length / time) and density ci fresh water at approximately 70'C,
and p and e are the actual viscosity and density of thn brine solutionj j

in the f th leg. The manner in which p and t are determined in NEFTRAN
j j

11 is discussed in Section 2.1.3.

'Equation 2.3 is a mathenatical statement of Darcy's law in which the
total head difference is given by the sum of dynamic pressure and cleva.
tion differences. This equation typically has three unknowns M , p p,and P a, unless either Junction 11 or Junction 12 has been specifidd as a

fboundary junction with known pressure. For each junction in the network,
Equation 2.1 is written and Eguation 2.3 is substituted for M. This

functioneliminates the mass flow rates as unknowns leaving only the
pressures to be determined since the elevations are supplied as part of
input.

2.1.2 Implementation

Based on the above discussion, NEFTRAN II itnplements the network flow
model by applying Equation 2.1 to a generalized flow network syste;;; For
example, if Figure 2.1 is part of a larger network, applying Equation 2.1
to Junction 3 in Figure 2.1, and substituting Equation 2.3 for H gives

j
e

0P11+OP22'(01*e2 0]P3+6P34
4

3

--epg(Eg - E ] - O p g (E E]+0p3g(E E (2.5)-yy 3 p2 2 3 3 3
,

where O - A,K /Z g. Repeating this process for every junction in thej j j

network results in a matrix equation of the form,

2-3
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p.

g ,

*
p : '.

2 - (Og+O2 8)'4***O 0 I ' (2 3). . . g 3 3 3
g

4 .

'. :,

. .

.
. -

which can he written using matrix notation as

ep-e
(2.7)-

.

where e is the matrix of coef ficients, E the vector of unknown
pressures, and a the vector of junction elevations and boundary pressures ;

representing the right-hand side of Equation 2.5. The dimension of the '

matrix equation'is the number of junctions having unknown pressure,
t

Af ter solving for the junction pressuresi, NEITRAN 11 calculates the mass
flow rate in each leg using Equation 2.3 and divides by the corresponding

_

i
'

density to determine the volumetric flow rate. The volumetric flow rate-
is- used to obtain the average - fluid velocity for each leg along the

. radionuclide migration path used by the transport models in NEITPAN 11. *

Specifical.'y, from Equation 2,3,

,
.

[ Egg Ef ?'Pf1 * Pfy '

4"EA 4 (2.8)ff g,,,g g, .

.

where Q is the volumetric flow rate (volume / time) in the fth leg. Thef
average fluid pare velocity (length / time)-in the leg is

'
Q3v (2.9)_g3 _ ,

1

where d is the effective porosity (dimensionless).j
,

- In _ NEFTRAN 11 Equation 2.7 is solved using a special case of the I

caussian elimination technique designed 'for banded matrices. For.effi-
ciency, the user should keep the band width as small as possible. Except ;

for boundary junctions with known pressures, this means the.t the junction
numbers surrounding ' a given junction should be close to the given
--junction number, in-fact, if Junctions 11 and 12 are connected by a leg,
dimensioning statements in the code require |11 12| 5 5.

, ,
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The network flow nodel in NEFTRAN II allows the user to represent any
flow network by specifying, the hydraulic properties of each network Icg,
the j unc tions bounding the leg, junction elevations, and the known
pressuros at the boundary junctions. Figure 2.2 shows an example flow
network for use in NEURAN II to simulate saturated ground water flow.

| Horizontal legs might represent different geological strata while
vertical-legs could represent potential pathways for hydraulic communica-'

| tion between layers. In this example, the user would have to speci fy
pressures at A.netions 1, 2, and 3, as these are boundaries in the flow!

network.

2.1.3 Fluid Density and Viscosity Submodels

are needed for the network flowFluid density and viscosity (p and pf)d 2.4.f 2.3 an In reality, water densitymodel, as defined in Equations
and viscosity are functions of temperature, pre::sure , and brine concen-
tration. However, the dependence of water density and viscosity on
pressure has been found to be negligible (Cranwell and others, 1982).
Furthermore, NEFTRAN 11 was designed to simulate transport p er,c e s se s
under isothermal conditions. Thus, water density is ass .ad te be a
function of brine concentration only. Specifically, water density !s
assumed to be a linear Snction of brine concentration; i.e.,

(2.10)g + C [p, g]p(C) - p p-
,

where C is the dimensionless brine concentration (C - 0 for fresh wer
and C 1 for saturated brine) . Pr the density of fresh water at ri

re f e renic e temperature (62,3 lb/fea at 68'F), and p, the density a
saturated brine at the reference temperature (74.02 lb/ft3 at 68'F).
Equation 2,10 is urad to determine the fluid density for each network leg
based on the relative brine concentration (C) of each leg.

The dependence of viscosity on concentration of dissolved solids can be
approximated as

N N

Ae (2.11)p(C) - (0) 1.0 + 0.005 , c
g + 1-1-

,gg
1-1

where c is the concentrati dissolved ion (1) in moles / liter, A the
i 3

temperature dependent coefticient, p(0) the viscosity of fresh watcr at
68'F, Ind N the number of dissolved species.

For ground-water systems, solutions containing more than 10 or 15
moles / liter of dissolved ions are unlikely; therefore, the square root
term - in Equation 2.11 can be nnlected. Assuming Nacl is the p r l: nary
dissolved mineral, then N - 2 and the dissolved species are Na* and C1'.

2-5
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Figure 2.2. Example Flow Network for Use in NEFTPAN IIi
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For thass ions, ths coafficients (A) ccn b2 casua3d to be independent of
temperature, and are defined as

A(C1') - O
and

A(Ne+) - 0.08 ,

Given these arguments, Equation 2.11 can be simplified to j

(C) - p(0) 1.0 + 0.08 c(Na#) (2.12).

The concentration of dissolv.d Na' is given as ]
1

** '"
c(Na*) - U ,1b sol ,e Cop gg3 ,,g

3' 3'
''

, , , ,

1000 E*- (2.13)e454{'e 4,2.83 x 10 , ,cm , ,1,'

1 ' ' moles NaC11
'

)'
*

,58.443,. gm,

where V is the weight fraction of salt in saturated brine, C the
dimensionless brine concentration, and p (- p(C)) the density of brine at
concentration C (from Equation 2.10).

Thus, Equation 2.12 becomes

p(C) - p(0) [1.0 + 0.0219 WCp] (2.14)

. NEFTRAN II to estimate fluid viscosity for each1.suation 2.14 is use **

leg in the flow network based on the relative brine concentration (C)

within *he le5
22 Analytical Transport Model

.

The analytical transport model that formed the basis for NWFT has been
retained in each of its successors. The theory and implementation for
this model is discussed in the following subsections,

l

2-7
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'2.2.1 Theory

NEFTRAN 11 contains two models that can simulate radipi.utide transport.
The analytical-transport option simulates the migration of a three member
radioactive decay chain in a one dimensional constant velocity system, as
described by the following differential equations:

6N 8N BNg g g

R 7-D- 2 * * BX 1" 1 ( '"}*

aX

ON 0N SN
2 2 2R

at 2~V aX 2 "2 + 1 "1 ( , 6)~ '

aX

SN 8N SN
3 3 3

R -Dg 2 ' " 8X 3 "3 * A (2.17)'

2 2,
BX

where R is the constant ' retardation factor (dimensionless)- that is
assumed to be - equal for all three radionuclides, N the concentration
'(mass / volume) in solution of species 1 D (- |v|3 a) the- dispersion
coefficient- (length */ time), a the dispersivity (length), Ac (- In 2/Tus)
the decay constant for species 1 ( time") , and Tug the half life for
species'i (time).

-Equations 2.15 -2,17 represent conservation of mass for a species in a-

differential volume. The left-hand side '(IJtS) in each of these equations
denotes the rate of change of dissolved species within this volume. The
terms in the right hand _ side (RHS) represent the flux of species in and

.out of the. volume, and the source / sink terms within the volume. Speci-
fic,11y. the first and seccad terms in the RHS stand for the net flux ofc
the species by mechanical dispersion and convection, respectively while
the last two terms represent production and depletion of the species due.
to radioactive decay.

The boundary conditions and initial condition used in conjunction with
Equations. 2.15, 2.16, and 2.17 are listed in Table 2.1. Based on these
conditions, the source for the analytical transport model is a concentra-

,tion boundary condition and the source model discussed in Section 2.3 is I

not implemented-when the user selects the analytical transport model.

2.2.2 Implementation

To implement the analytical solution transport model in NEFTRAN II, the '

analytical solution for Equations 2.15, 2.16 and 2.17 with the indicated
initial and boundary conditions is utilized. The time-dependent dis-
charge rates predicted by _ Equations 2.15, 2.16, and 2.17, as given by
Lester, Jansen, and Burkholder (1975), are

2-8
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Table 2.1.

Boundary and Initial Conditions for the
Analytical Solution Transport Model

I
1

|
t - 0, all x '

; y'
Cy-C2-C3 ... - O

O<t<r, x-0g,

N (0) Aty y
*~

1 Qt

'

N (0) -A t A N (0) *A t -1''
2 2 y y y 2C

2 Qt +A'A O'
*~

' '

2 l

"N (0) -1 t A 2(0) -A '
3 3 2 2 E '

C
3 gr +A A Qr

e * '*-
'

' '

3 7

'A D 'A 'N (0) I 2
+

12 Qr (A 'A IIA *A1) (A A )(#3'^2)2 3 l 2

-A t
3

e

(A A3)(A 'A )y 2 3

-t > r, x'- 0gy *
C -C -C3 ,.. - 0

y 2

.

t > 0 , x -. =yy*
C,C,C, ... - finitey 2 3

N (0) is the initial inventory of species 1. Q the fluid flow rate, and ri

the leach time for a constant leach rate source.

,
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N (0) -A ty y
D y(t) - 2r * IIU(t) ~ U(* ' ')H(* * '))} (2'18)

D* '

N (0) * 2 N (0) 'A - ,

3

+ 1 2''

D 2(t) - 2r 2r A'A
'

e
''

2 l
'' '

_[U(t) - U(t r)H(t - r)) (2.19)-

N (0) -A t N (0) 'A
'

,

3 3 2 9 ,3 t ,3 t
D p t) - 2r 2r A A

* *

3 2, '' '*
'

N (0) '1 2
~

+ A A

2 (1 ~ A )(A3'A) (A A )(A3'A)2r l
1 1 l2 2 2

-A t
'

3 ,

*
~(U(t) U(t - f)H(t - r ))'+

-A
+

~ A )(A
3 .~A

3 2 3J. (2.20)l

where r is the leach time for a constant leach rate source, and

"

0 x<0
H(x) - (2.21)<

.

1 x20,

The function U(t) in Equations 2.18 - 2.20 is given by

-{t 'L ' Lp+{tLp p
U(t) - erfc + exp - erfe (2.22),

J4atv/R, -" J4avt/R

where 1, is the total migration path length.
.

The above equations are implemented in NEF" IRAN II by defining 1 as the9
total distance from source to discharge (i.e, cumming the length of all
the legs in the migration path), and v/R as the average isotope velocity
(v ,,) accounting for retardation. This average isotopic velocity
(length / time) is found by preserving the total migration time; i.e.,

2-10
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|

l
SLR igg

T, - (2,23),y
i

where L. R, and vi are the length, retardation factor and average.t i

velocity in the ith leg; thus v ism

1.
E (2.24)v .

avs T,
P

The analytical transport model can only be used to simulate radionuelide
,

transport problems under the following conditions: (1) leach limited
source with a constant leach rate (which is equivalent to the concentra-
tior, boundary condition given in Table 2.1), (2) chain of three or fewer
radionuclides, (3) identical retardation factors for-all radionuclides in

each leg, and (4) constant fluid velocity. To reiterate, the source used
in the analytical transport model is based on the concentration boundary
condition given in Table 2.1, and does not utilize the source model
contained in NEITRAN 11 that- is discussed in Section 2.3.

The only remaining point of implementation.in the frequency of reporting
discharge rates. NEFTRAN II determines a time range for "significant
discharge", T3 5 T $ T , based on the values of Ti and T given by

4o ( .25)T -t -
y g T

~ and

T2 - T, + r + 4 oT (2.26)

respectively, where at is the standard deviation in time defined by

P (2.27)o - ,

T
#

avg

T is small enough to capture the initial breakthrough portion of the3

discharge curve by subtracting four standard deviations in time from the
mean nigration time,-while T2 captures the trailing portion of the curve
by accounting for the source. duration plus the same spread, If the dis-
persivity is large, it is possible that T is less _ than the initial3

source release time. In that case T is-replaced by the release time.3

Similarly, if T exceeds the problem simulation time, it is replaced by2
the problem simulation time. The resulting time range from Tg to T 182
divided by -100 to define a time increment for the analytical transport
model, At, and discharge is reported 101 times (i.e., Tg + iAt, i - 0,
1,..., 100).

|
,
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2.3 Source Model

The source model in NEITRAN 11 generates source rates for radionuclides
exiting the repository and entering a af 3 ration path in the geosphere.
As discussed above, the analytical transport model incorporates a concen-
tration boundary condition. Therefore, the source model contained in
NEITRAN II is only implemented with the DVM transport model. The source
model is executed independently of the DVM radionuclide transport calcu.,

lations in NEFTRAN II . _ Consequently, source rates generated by NEITRAN ,

'

II, in principle, could be used in other transport models, Conversely,
it would be straightforward (though not currently implemented) to use
source rates from other models as input for DVM transport calculations in
NEETRAN 1I,

The NEFTRAN 11 source model considers the fraction of the waste inventory
in contact with circulating ground water, vaste form Icachin6, radio-
nuclide solubilities, flow rates, the source area pore volume, and radio-
active decay. A fixed delay time for the onset of leach!ng and/or migra-
tion can also be accounted for in the source model. Source model results
are cast as time dependent rates at which each radionuclide enters a
migration path. The user provides the initial inventory of radionuclides
in the repository as input. The type of radionuclide release scenario-
being simulated and the extent of the disruption will determine what
fraction of the total emplaced waste is accessed by circulating ground
water.

Leaching is-assumed to be the primary mechanism fee the release of radio-
nuclides from the waste form (e.g., glass matrix' . The leach rate will
depend in part on the matrix material, fluid flos rates and ground water
chemistry. Because NRC contractors other thar SNL were charged with
developing adequate source term models. NEFTRA'. II only implements two
simpic Icach inodels. These are a constant lea.h rate and an exponential

leach rate. In the constant-leach rate model, the amount of waste that
leaches per unit time is a constant fraction cf the initial mass present.
In the exponential model, the amount of waste- that leaches per unit time
is a constant fraction cf the remaining waste mass. The source model was
designed so that other leach models can be easily incorporated when
available data suggest a need.

Some radionuclides have been shown to be qu to insoluble in ground water
due- to a low solubility of the radionuclide: , a high leach rate from the
waste form, and/or a low inflow rate of unct itaminated water. If any of-

_

these were the case, there could be more ma s of radionuclides - free of
the waste matrix than can be dissolved in grc md water. The NEf7RAN II
source model accounts for this phenomenon by maintaining an inventory
labeled " leached but undissolved." If such an inventory is necessary, it
can act as a source of radionuclides even af ter all material has been
leached from the waste matrix. Solubility limits can, therefore, have
the conjunctive effects of lowr :ng nuclide concentrations and extending
the source pulse in time.

2-12
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Dilution caused by the influx of uncontarninated ground water can reduce
contaminant concentrations exiting the repository. Dilution is accounted
for by offering an option in NEFTRAN 11 to treat the repository as a
mixing cell; that is, water entering the rnixing cell is assumed to
instantly, and uniforraly, mix with any dissolved material in the cell.
The source is then distributed into the transport path based on the
diluted concentrations. The oth : option for distributing the source
into the transport path in NEFTRAN 11 is the flow-through source model
which distributes the source evenly into the source leg (the first leg in
the migration path). The flow through source model assumes that source
raaterial 1 caves the source volume as it dissolves and dilution by uncon-
taminated water does not take place.

A new feature in NEFTRAN II allows the flow rate through the repository
to change wi th time. The source model integrates the time varying flow
rate to estimate the total inflow over a time step. Thus, the amount of
radionuclide that can dissolve may also change with time. However, this
is the only ef fect of time-varying flow rates since current implementa-
tion does not allow the mixing-cell model to be used in conjunction with
time-varying flow rates.

As indicated above, there are several different options available in the
NEFTRAN II source model. These options can be classified into two
different sets. First, there are options related to how the radioactive
isotopes become available for transport from the waste form (e.g. leach-
limited, solubility-limited, or both) . Second, there are options that
determine how the repository is to be treated (e.g. , inixing. cell source,
flow-through source).

Radioactive decay causes the inventory to change with time. The
inventory remaining in the waste form (i.e., unleached), the leached-but-
undissolved inventory, and radionuclide concentrations in water (i.e.,

dissolved) all decrease due to radioactive decay and potentially increase
due t. production. These efiects are taken into account in the source
'nodel contained in NEFTRAN II.

2.3.1 Theory

Before describing the governing equations of the NEFTRAN 11 source model,
the notation used to denote decay chains is discussed. For simplifica.
tion, it is as swned ** n t species 1 is the parent of species 2 is the.i

parent of species .$ , etc. For simplicity this is written as
1 -+ 2 -+ 3 ..I. The underlying assumption is that smaller indexed.

species decay to larger indexed species and that there are no branches in
the decay C.,ain. In practice, NEFTpWi II can treat branching using
branching fractions supplied by the user. To illustrate the notation,
assume that there are I isotopes in a decay chain indexed as described
above. The inventory (atoms per inass of waste matrix) for species i is
given by

2-13 )
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'

-A N Mi-1,gg
dN

(2.28)- <

N ,g if 1 < i 5 Ii g + A ,gN'
, ,

gg
,

where N is the inventory of species 1 (atoms / mass of waste matrix),
i

A (-In 2/T2/2) the decay constant for species 1 (time 1), and T the
i 2/2

half-life for species 1 (time).

Equation 2.28 represent a system of equations that can be solved
analytically, and the 2;oluti ons are known as the Bateman equations. The
form of the solution implemented in NEFTRAN II yields decay and
production fractions over a time interval from zero to time t. For
parent p 5 i the fraction is given by

,

,At if i-1,

I (2.29)
F (p.t) - <

y
1-1

i-1 -A t "A t
k i

** '

H A if 1 < 1 s I, ,

j-p k-p f 'y
'

y,

I k
1-p '-

lek
.

%

where F (p.t) is the fraction of parent p decaying to species i over
i

time t.

The fractions generated by Equation 2.29 can be used to find the emplaced
inventory of species i at t by substicuting these fractions into

i

N (t) - E F(p,t) N (0) (2.30),g Pp-1

where N (0) is the initial inventory of species p (atoms / mass of wastep

matrix).

Equation 2.30 is applied if the user specifies a release time that is
greater than zero. This option is useful if one assumes that the waste
containers or an engineered barrier in the near-field would prohibit far-
field transport for a specified period of time.

The governing equation for the rate at which atoms of species i leach
from the waste matrix is given by

2-14
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*}'R (t) - N (t) (2.31)g g ,

where M is-the (intact) mass of vaste matrix material at time t. If the
user selects the constant leach rate option, then

*}
,- (2,32)--

L
,

where 1/Tt is the leach rate (time 1) and M. is the initial waste
mass (m), '

,

The solution to Equation 2,32 is

M(t) - M,(1 t/T ) (2.33)g .

For the exponential-leach-rate option,
,

dM(t) ,, g .(2.34)d t;- T

Solving Equation 2.34 results in

M(t) - M, e'tOL (2.35),

The " leached but undissolved" inventory is described by the following
equations

P

-A Ugf+R-Sg , if i - 1g

dU
g

de (2,36).
- <

-A Ugg+Ag4 U ,7 + Rg g-S , if 1-< 1 s I
-

g
s

where U is the leached but-undissolved inventory of_ species 1 (atoms),3

S4.the ra;s at which atoms in the leached-but undissolved inventory enter-
solution,;and Rg is the leach rate given by Equation 2.31.

The formulation for S depends on_ the source flow model chos en_, flow3

through or mixing cell, and whether solubilities are treated. Thus,
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in this discussion (which NEf71'AN II does notrather than. formulating Si
explicitly use) determination'.of radionuclide concentrations for the two
source flow models is discussed in the implementation section (Section
2.3.2). This section is concluded with the theory for the mixing-cell

model.

Figure 2.3 illustrates the basic idea of the mixing cell scarce model.
Water 'at a certain volumetric flow rate, Q, (volume time), moves through
a constant volume, -Vr, and'dllutes any dissolved material in the volume.
The rate at which Jissolved materiel leaves the mixing cell is

S (t) - C(t)Q,(t) (2.37),

where Sc(t) is the source rate (in mass per unit time) and C(t) the
solute-concentration (in mass / volume).

The operation of the mixing cell can be illustrated with a simple
example. Civen a cell of constant pore vohime, Vr, with a given flow
rate, Q,, and initial concentration of a dissolved species, C., a mass
balance shows that the concentration of the species leaving the cc11 is-
described by

h --C
* (2 38) *

f.,

givesIctegration using the initial condition C(t-0) - Cg

' Q[ '
t

(2.39)
f

C(t) - C e'
o

Substitutin5 Equation 2.39 into Equation 2.37 gives

' Q, t. . '

fS (t) - C Q e (2.40)* *

c os

-If the user opts, NEFTRAN II will- determine' whether a ' mixing cell source
model is appropriate. The basis for choosing a mixing-cell model is the
average particle residence time, T., given by-

V
1 (2.41)T -

.

Q,r

,
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If T, is small compared to the average migration time of an isotope, then
it is assumed that all of the material leaves the source volume rapidly,
and it is not necessary to use a mixing-cell-cource model.
Alternatively, if T, is large compared to the average migration time,
there is the possibility of dilution of the source concentration and a
mixing cell source is appropriate.

2.3.2 Implementation

The various source model options are all impicmented over discrete time
steps, At,. The user can specify At, or allow NEFTRAN II to determine an
appropriate value. If the user chooses to specify At,, it is strongly
recommended that the guidelines implemented in NEFTRAN II to determine

ggg At, be followed.

Source Model Time Sten Determination. There are four basic criteria used
to determine a time step for the source model, these are:

.

1. ensure that the leach pulse is adequately represented,

2. ensure that radioactive decay is accounted for accurately,

3. ensure that the time step is less than the average residence
tice in the mixing cell, and

4. for the case of time-dependent flow rates through the reposi-
tory, ensure that the time step is small enough to capture the
peak tine-dependent flow rate.

The impact of each criterion on At, depends on the source options chosen
and the properties of the source region and decay chains, The criteria
are defined further by a set of increment determination parameters.
These parameters have default vclues in the code or can be input directly
by the usar (see Section 4.3.5). The description that follows is based >

on the default values.

LEACH PULSE - If leaching is being treated as part of the source model, '

then at least five time steps across the leach pulse are required, q

DECAY - The time step cannot exceed 0.5 times the smallest "important"
half-life for all important isotopes. An important isotope is defined as
an isotope that has a mean travel time less than the problem simuletion
time, and a half life and mean velocity such that a significant itaction
of its initial inventory will survive decay to discharge. Therefera, an

isotope is important if its initial inventory will discharge during the
problem time and if the isotope travel time is less than twenty half
lives.

RESIDENCE TIME - Tha user has the option to use a mixing-cell source, a
flow through source or to let the code decide which type of source model
is appropriate (see Section 4.3.1). If the mixing cell source is being
implemented, then At, cannot exceed 0.2 times the mixing cell residence
time, T,.

2-18
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FLOU PEAK For tico d: pond:nt flewrotos through the ropository, at,-

should capture the peak time dependent flow rato. This is done by multi-
plying a fraction, 0.8, by the peak flow rate. The times greater than
and less than the peak flow rate at which this fractional flow rate
occurs are determined. These times dictate the time range that bounds
at, to ensure that the peak flow rate is captured. This algorithm may
not be sufficient for all time dependent flow rate profilee.

Leach-Limited Source. If the leach-limited only source option is
selected (i.e., solubility limits are not applied), the rate at which a
particular radionuclide enters solution, R, is given by Equation 2.31.

i

N is given by Equatior.s 2.30 and 2.29 and dM/dt is found from either3

Equation 2.32 or Ecuation 2.34. If the flow through source option is
selec'md tM a R is the only information that is needed to determine the3

source rates for each isotope. In practice, the total amount leached
from t to t + at, is found and decay is accounted for by finding the
average amount available during this time interval.

If the mixing cell option is selected, the source concentration for
species i must be determined to find the source rate for species i and is
given by

'

'.i Q,Cig
-A C if i - 1g g+y y--- -

,

f f

dC

(dt *

R Q,Cgg
-A C1+Agy g 7 yC if 1 < 1 s I-

g , ,

f f,

where C is the concentration of species 1 (atoms / volume ).3
i

Equation 2.37 is used to determine the source rates for each isotope,
again as averages, from t to t + at,.

Solubility-Limited Source. If the solubility limited option is selected
(i.e., leach-limits are not applied), NEFTRAN II places the entire radio-
nuclide inventory in the leached but undissolved inventory at the time of
release. Then, for the flow-through-source option, the source concentra-
tion (C ) is given by the minimum of U (t)/(Q,at,) or L (t), where L (t)3 i i i

is the solubility of isotope 1 (atoms / volume of water).

C is the minimum of the amount that can dissolve without exceeding thei

solubility limit or the inventory that is left. In other words, as long
as there is more mass than can be dissolved, the source rate will be
based on the solubility limit of the species. Once the mass is depleted
enough to be less than the mass that can dissolve, the source rate will
be based on the amount of mass that is left.

2-19
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If the mixing cell source option is selected, en intermediate source
concentration (D) is found by accounting for decay, production, and
dilution; that is.

DA D
g g -7g , if i -1

dD g

g-< (2.43) ;

E + A ,3 g 7 U , if 1 < 1 s IE ,3A
g g g ,g

,

where 7 (- Q,/Vg - 1/T,) is the dilution factor.

Solubilities are accounted for by using the equation

~

U (t)
C (t) - MIN D (t) + I,g(t) (2.44),g g y .

-

.

Combined Leach and Solubility Limits. The user can elect to apply a
Icach rate to the waste matrix and solubility limits to radionuclides in
solution. In this case, the rate at which radionuclides escape the vaste
matrix 'and enter the leached but undissolved inventory is given by
Equations 2.31 and 2.32 or 2.34, depending on whether a constant leach or
an exponential leach rate is being used. -The leached but undissolved
inventory is then found from Equation 2.36.

If the flow through source option has been selected, the source concen-
tration is given as discussed above for a solubility _ limited source.
Otherwise. for the mixing eell source option, the source is determined in
two steps, from Equation 2.~3 and Equation 2.44.

Accortionine Solubility Limits. In the equations presented above, the
solubility limit for species 1, L (t), was assumed to be time dependent.i

However, in practice, solubilities are only available for elements and
are constant with time, provided solvent properties are constant. In a
typlaal NEFTRAN II. application there may be several isotopes of the same
element compt!.ng for _ dissolution. The approach takru in NEFTRAN II is
to partition too amount of a particular element that can be dissolved
into amounts proportional to the individual isotopes. These isotopes are-

undergoing radioactive decay / production as time evolves and therefore,
their proportions - and hence their solubility limits, become time.
dependent.
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To illustrate the proportioning, supposo element E has isotopes E , E.23

E. The solubility limit for species Eg is given byg....

U (t)g
L (t) - * 'E (2.45)g k

E U (t)
j-1

where 1 is the solubility limit for element E (atoms / volume).5

Thus, the effective solubility limit for species 1 L , is time-dependent
i

if there are two or more isotopes of element E with different decay or
production rates.

Time-Dependent Flow Rates Throuch the Source. As discussed above, to
determine source rates based on solubility limits, the flow rate through
the source (repository) is used. The user may provide time-dependent
flow rates through the source region from an external file (Section
4.3.1). Although flow rates are also used for the mixing-cell source
model, the option to use time dependent flow rates is currently only
available in ec,njunction with the flow through source model.

Time dependent flow rates throuSh the source can also occur if the user
provides time dependent fluid velocities from an external file (Section
4,3.1). In this case, - the velocity for the first leg in the migration
path is used to determino a time dependent flow rate through the source.
If both options 'are implemented (i.e., external file of time-dependent
flow- rates through the source, and an external file of time dependent
fluid flow velocities), the time dependent flow rates through the source
are utilized by the source model.

2.4. Distributed Velocity Method (DVM) Transoort Model

The usual run mode for the WEFTRAN II code . implements the DVH transport
option. Convective transport is simulated by moving groups or packets of
particles (representing dissolved radionuclides) along the flow field
over each time step. Dispersion is simulated by allowing the packets to
spread simultaneous with convective transport. Thus, DVM is similar to
particle tracking methods or the method-of characteristic. However, what
sets -DVM apart frca these transport simulation methods is the ability to
incorporate radioactive decay chains with the direct simulation tech-
nique. % following sections describe- the theoretical basis of DVM, as
well as the numerical' implementation of the DVM transport model. The
capability unique to NEFTRAN II, DVM transport in time-dependent velocity
fields, is also discussed.

' 2.4.1 Theory

The convective-dispersion transport equation in one dimension can be
written as
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'
2

-D v +S (2,46),

,

where'p is the particle density (atoms / volume), v is the average particle
velocity (length / time) and D - is the dispersion coefficient (length 2/
time). These units of p are used because they facilitate the simulation
of radioactive decay and can be easily converted to the traditional unit .

^

of concentration.

Assuming negligible molecular diffusion, the dispersion coefficient (D)
is defined as

D-o|v| (2.47),

where a is the dispersivity (ltmgti.) . In ground-water systems, molecular
dif fusion is negligible when tran2 port by convect ion dominates molecular
diffusion or, 'E it does not dominate, is the most significant pathway.
By defining dispersion coefficient in this manner, NEFTRAN 11
simulates mechanical dispersion and not hydrodynamic dispersion which
includes the effects of molecular diffusion.

When p O at the infinite boundaries, the solution to Equation 2.46-

contains two terms: a particular solution and a complementary solution.
Taking the density of particles at time t' to be p(x', t'), the comple-
mentary solution is

.

p (x, t) - dx'p(x', t')C(x - x', t- t') (2 48)
_

~

the particular solution of Equation 2.46 yields the complete solution

.t .xy.
p(x, t) - p (X, t) + dr dx'S(x', r) G(x - x', t r) (2.49)-

.9
't' 'x

o

The Green's function, G(x - x', t -t'), in Equations-2,48 and 2.49 may
be written as

|
P 9

II* ' * ) I'' ')'

G(x x', t - t') - exp< (2,50)- -
,

)2w 2o,
;

,
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where the variance is

a - 2D(t t') (2.51).

C(x x', t t') is a spatial Green's function, as indicated by the- -

units of o, (i.e. , length) and 0 (i .e. , length 1) .

Equation 2.50 may be recast as a velocity distribution by considering the
illustration in Figure 2.4. This figure shows the evolution of the
Green's function over (t c') from an instantaneous point source-

function to a Gaussian distribution. Particles arriving at the mean i

position of this spatial distribution have travelled irom x' with velo-
#

city v. Particles at position x, however, have travelled from x' with an
average velocity

v - ((t -
x - x') (2.52)

t')

!

If Equation 2.52 is substituted into Equations 2.50 and 2.51 then

G(x - x', t - t')
"( ' [, ) (2.53)

,

where

- (" ' I-ll(v, t t') - exp (2,54),

[2I o 2ay

and

( }o - ~ *y (t t') (t t')
'

.

i

Quantity 11 is a creen's function in velocity space as indicated by the
units- of o, (i.e. , length / time) and 11 (i .e. , time /lengt h) .

Substituting Equation 2.53 into Equation 2.49, gives

#
.t ,x 3

p(x, t).-- p (x, t) + dr S(x', r) H(v, t.. r)/(t r)dx' (2.56).

't' ' x,
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Figure 2.4 The Spatial Green's Function
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t'
| Recalling Equation 2.$2, Equation 2.56 can be written as

|
,t ,v 3

p(x, t) - p,(x, t) 4 dr S(x', r) H(v, t - r)dy (2.57),

*t' < v,

x ~ x,
where v, g , g r ,

(2.58)
and x.x

3
VI~t *

t'-

Thus the transport of an ensemble of particler, at position x' and tiac t' .

to position x at a later timo t can be accomplished by summing over a
suitable velocity range weighted by the Green's function in velocity
space.

The theoretical basis for DVM is the process of mechanical dispctsion
which occurs with solute trnnsport through porous media. Specifically,
the physical concept embodied in Equation 2.57 is due to heterogeneity of
the flow field, a number of alternate paths exist for particles to
migrate from x' to x. The underlying assumption is that these paths may
be characterleed by a continuum of migration t;mes and average velocity
components in the direction of flow. By distributing these average
velocitien according to the Caussian function developed earlier (Equation
2.54), DVH has been specialized to the conventional Fickian treatment of
dispersion. Although there has been some criticism of this conventional
Fickian treatment for modeling mechanical dispersion, currently, an
alternative does not exist; however, in principle, the DVM technique
could be applied to any specified velocity distribution.

2,4.2 Implementar1oh

This section briefly describes the- manner in which DVM is numerically
implemented. The discussion begins with a single decaying radionuclide,

' The analysis is then extended to the treatment of a decay chain.

To motivate this discussion of -numerical implementation, recall Figure
2.4 which illustrates the movement of an instantaneous point source at
position x' and timo t' to a Gaussian profile at time t > t' and position
x'given by x - y' + v (t - t').

-In the numerical implementation of DVM, this can be visualized as-shown-
in Figure 2.5. Here, the spatial dimenaion x is discretized into grid
blocks of equal length. The " point source" is confined to a single grid
block as shown. However, to model dispersive spreading of the material

-transported from t' to t, particles in the source block areas it is
given a distribution of velocities. As illustrated, particles assigned
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Figure 2.5. Numerical Simulation of the Transport of an Instantaneous
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to the higher velocity intervals travol farther then those assigned to
the lovar velocity intervals, If the velocity intervals are determined
from a Gaussian distribution (see Equations 2,54 and 2,55), then the
particle density p(x, t) approximates a Gaussian - distribution in the
spattar dimension,

So, for the fth leg having mean fluid velocity, v (length / time) andgj
a (length), velocities for the j th velocity Interval,dispersivity j

v(f r.j), are found for species r as follow;.o

"1 ff ff (2.59)v(f r.j) r.-
o

J At R P.j
'

j

where R is the retardation factor (dimensionless) for species r in
j

the fth leg, and c is the jth abcissa from a standard normal distri-
3bution given by

2
2j y 1, ,,, 'j 1 , Cu du' 3 - 1' ***' Nv' (2.60)

-
2N

J2xv ,

..

where N is the number of velocity intervals,y

For clarity, Figure 2.5 presents the DVM trcnsport, as applied to a
single source block at time t' and the several resulting receiver blocks
at time t > t'. In actual application, however, it is numerically more
efficient . to determine the - contributions to a single receiver block at
time t from multiple source blocks at time t' < t. This approach is
discussed in the following sections.

One Decaying Radionuelide. .Here, only the propagation of the density
function p(x', t') from time t' to time t (Equation 2.57) la considered.
There are N, equal-space increments of length Ax and the time increment
At is taken to be constant. The velocity dimension is divided into N,
increments based on equal probability. While DVM san be generalized to

_

variable spatial and time increments, such generalization is not consid-
ered in NEFTRAN II as will become clear in the discussion that follows.

Propagation of densities over At for velocity subgroup j m ae written<

- as

2-27
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Ap(1, J. t) - D V(j) M (j)p(f k), t']g g

(2.61)

+ [1 H (j ) ] p (i - k) 1, t 'g .

Although the argument list in Equation 2.61 appears formidable, it can be i

readily understood. As indicated there, the contribution to receiver
block i for velocity interval j is determined by three fractions: a

geometric mixing ' fraction, Mg , a velocity interval fraction, W, and a
decay fraction, D .g

1Mr may be understood by reforring to Figure 2,6. Looking at velocity i

interval j, one sees that there are, in general, two contributions to
receiver block i. One is a packet of particles coming from donor block
1 - k and the other is a packet of particles coming from donor block
1 k 1. Although-not intuitively obvious, the reason there are only
two contributions is because the physical dimension of a packet of parti-
cles is the actual grid block size. As is also indicated in Figure 2.5,
there is generally only partial overlap of the propagated block contents
with receiver block i. The donor block index k) is

.

v At
k 1 (2.62)-j Ax ,

'.

where- [z] is the greatest integer s z,

and v is determined from3

.Vj- ,

" exp - k-v)2'
'

d 2 1 dv (2.63)- .

5 "v 2,2"
, . . . ,

..

The corresponding mixing fraction is

, ,

v At
M (j) - 1 - k) (2.64)g .

. .
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Figure 2.6. Illustration of the Mixing Fraction Concept
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B2ccuso tho volocity ditensicn is divid3d into intervals assuming equal
probability, the weight V(j) assi ned the jth velocity interval isE

|

V(j) - h . (2.65)
v

|
lThe decay fraction is taken to be

AD
D -e (2.66)f

.

With these three fractions defined, Equation 2.61 is summed over all
velocity ' stervals to obtain the total particle density in grid block 1:

N
V '

D , , , ,

f
p(1,t) 7 M (j ) p i - k) , t ' 1 H (j)< + eg g

v - d *

g,
(2.67)

p ik 1, t') .

As a last step.In this discussion, Equation 2.67 is rewritte*: in u. more
computationally efficient form. To do this, the possibility cf deg er-
acy with respect to the index k is addressed, This degeneracy could3
mean either

k
h 1 - k) kp1-k)4 1 (2.68)or .

Taking such degeneracies into account yields the expression

N (i)3

p(1,t) - B(j) p i k , t' (2.69).

j-1

Quantities N,(i) and B(j) are most easily obtained by a computational
procedure ohich makes the tests of Equation 2.66 and accumulates the
coefficients to form the matrix of B.

.c sportant to note that, as long as ax and at are constants, B is .1
r /ector which contains at most 2 * N, terms. Furthermore, B(j) may

.puted during the initial setup before the actual transport simula-
1 is conducted, For unequal grid block increments ox, B would be-

,
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dependent on grid block index i, and for unequal time increments at, B
would have to be re evaluated for each change in time increment. Thus,

it is most efficient to maintain fixed Ax and At.

The implementation just described corresponds to DvM as it was imple-
mented into the NWFT/DVM code (Campbell, and others, 1981a, 1981b). The
same implementation exists in NEFTRAN (Longsine, and others, 1987) and in
NEFTRAN II. However, in the latter two codes, the restrictions of
constant Ax and at were relaxed. In NWFT/DVM, the legs along the migra-
tion path were combined into a single leg with each isotope assigned an
average velocity over that leg which preserved tctal mean migration time.
This leg everaged path option is still in NEFTRAN and NEFTRAN II, bow-
ever, with the addition of the matrix diffusion capability to NEFTRAN, it
became necessary to treat each leg individually. This treatment was
necessary since the residence time in a leg characterized by dual
porosity is one of the primary factors that determines the amount of
diffusion. The implementation in NEFTRAN and NEFTRAN II is to treat each
leg as a distinct unit with (1) a fixed space step for the leg and trans-
port of particles in the interior of the leg described by the B array
above, (2) allowing the space step to be different for each leg along the
migration path, and (3) computing the fractions of grid blocks in one Icg
that contribute to blocks in another leg over a time step as a separati
model. Thus, a new model, referred to as the leg-to-leg transfer model,
was implemented as described in Section 2.4.9.

NEFTRAN II relaxes the fixed time-step restriction. NEFTRAN II simulates
time-dependent flow fields by approximating the changing velocities with
a step function (see Section 2.4.11) . In particular, the user defines
time intervals over which the fluid velocity is relatively constant and
sequences these inte rval s from release time to the end of simulation.
Over each of these time intervals, a time step is chosen and
implementation occurs as described above. However, because the inte rvai s
can be of different length and with the changing fluid velocities, it is
likely that accuracy and ef ficiency consideratiens will dictate the use
of a different time step for each time in te rval . Thus, following each
time interval, the code recomputes the transport f ractions based on the
new velocities and new time steps to be used for the next time interval.

A Chain of Radionuclides. Here the starting point is similar to Equation
2.61, and for species r of a radioactive decay cbnin it may be written as
follows

Ap(1, j, r, r - p. t) - D (r, 1 - p)U(j) *
g

i
r 'p)p(i - k), r - p, t']M (j, r,g

+ (1 M (), r, r - p)] +g

p(i-k - 1, r - p , t' (2.70)-
.
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In this equation Ap is the incremental particle density for isotope r,
grid block 1, velocity subgroup j, and time t which arises from decay of
isotope r - p over time interval t t'. If p - 0, Equation 2.70 simpli--

fles to Equation 2.61.

M, the mixing fraction, is determined by Equations 2.62 and 2.64 asr
before. The only difference is the velocity. Because of sorption

I effects, the velocity will, in general, change with species during LFa
decay r - p -+ r - p + 1. . . -+ r which occurs during time step At. H e nc * ,
in this case, the velocity v (j , r, r - p) represents a species average
over the time interval At t'. The model used in NEFTRAN II tot- -

determine these species average velocities is presented in Section 2.4.6.
V, the velocity subgroup fraction, is taken from Equation 2.65 as before.

The role of quantity Dr in Equation 2.70 is expanded beyond that in
I Equation 2.61. In Equation 2.61 D denotes that fraction which survivesr

decay during At. In Equation 2.70, Dr pertains to decay only when p - 0,
i.e.,

OE
D (r, r - 7) - e p-0 (2.71)g , .

Otherwise, this quantity denotes production of species r from species
r-p, and may be developed from the Bateman equations (see Section
2.3.1) as

p -A at -A 6t
r-i r

* *D (r, r - p ) - Il 1 p*O (2.72)
'

f rq p , ,

g y ,y
1-1 11 ,r-j r - 1,

j-o
Ji

This equation, when coupled with appropriate mixing and weighting func-
tions, may be viewed as a model for evaluating that portion of the source
integral in Equation 2.57 which is appropriate for radioar**ve decay
processes.

To complete the analysio of radioactive decay chains, Equation 2.70 is
summed over all velocity subgroups j and all parents p of species r.
This yields

N N
p ( r ,j ,v,

p(1, r, t) - D (r, r - p)W(j)< M (j, r, r p) eg g

p-o j-1 '

p(1-k,r-p, t']+[1-M(j,r,r-p)]* (2.73)g

,

p(i-k)-1,r-p,t'
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twcollecting the sum then gives the working equation

N (r) N (1, r, r p)
1 g

t'i, r, t) - 4(j , r, r p) *
p-o j-1

r(i k), r p, t']. (2.74)

The upper bounds in Equation 2.74 are expressed as functions. The
dependence N (r) reflects the fact that, in general, each radionuclidep
has a different number of parents, rurthermore, one may want to arbi-

p)trarily iirpose a tound on the par <nt sum, The limit N,(1, r, r -

gives the number of grid b3ocke which contribute to a receiver block 1.
,

The limit carries radionuclide indices because of the transport velocity

model (Section 2.4.6). As in the case of a single decaying nuclide, B
will not vary with grid block or time step indices provided that Ax and
At do not vary. Thus the B matrix stay be generated during the setup
process. For each r, the B matrix can be viewed as O (r) + 1 sepa, atep

vectors each having dimension less than or equal to 2e N,. Hence,
coniputer storage is tot a problem. For purposes of compartoon with other
numerical techniques, Equation 2.74 is an exolicit relation in that each
term on the right hand side is known prior to solution for the unknown
density p(1, r, t).

,

The implementation of DVM over a given titte interval requires a fixed
space step for each leg and a fixed time step for the time interval. The
user can specify the space and/or time steps or allow NEITRAN 11 to
determine appropriate values. If the user chooses to specify the space
and/or time steps, it is strongly recommended that the guidelines impic-d

mented in NEFTRAN 11 to determine Ax and at be followed. For this
reason, the next two sections discuss the guidelines in detail. The
discussion follows the code logic which first finds the time step and
tnen the space step (s).

2.6.3 Time Step Determination

The three basic criteria used to determine s, time sten for transport are:

1. ensure that packets cannat ju.mp from source to discharge (for the
,

path averaged simulations) or skip a leg (for Ic6-to leg simula-
tious) in a single time step,

2. ensure that there are adequate points to resolve the breakthrough
portion of the discharge curves (for path averaged simulations
only), and

3. require a minimum nominal number of time steps for the simula-
tion.
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The extent to which each of the critoric rostricts the size of tt depends
on the migration time, dispersivity, and half lives modeled. The
criteria are defined further by a set of increment determination param-
eters. These parametera have default values in the code or can be input
by the user (see Section 4.3.5). The description that follows is based
on the default values that are appropriate for the repeated runs involved
in statistical Monte Carlo simulations.

Avoid Leg Jumo. The time step At is initialized to the minimurn travel
;time which is defined as: i

L
T (2'D}min " v

max

for the path. averaged case or

'

'Z i
g

Tmin - MIN g (2.76)
max ,

,

. for the Icg to leg transfer case. 1 it the total migration path length
and Z is the length of leg 1. Fo,r the leg.to leg transfer case,"

the
minimum is taken over all legs i and for both definitions, v , (length / i
time), ;s the maxitnam distributed isotope velocity in the path or Icg.

v., is found based on the normal distribution of isotope velocities (see i
Saction 2.4.2). Thie is done by approximating the normal distribution of
velocities to find the velocity of the last and therefore, largest veloc. '

ity interval.

Since v,,, depends on At (mort, precisely, the inverse square root of At),
the relations

v At 51 (2.77)9 ,

and

v,,, M s Zg p.m

can be transformed into quadratic relations in at. These quadratic forms
are solved in NEPTRAN 11 to get an initial value for 4t.

Curve Resolution -The curve resolution restrictions _ for At are imple.
mented only for the path averaged case. This criterion is based on
finding the standard deviation in tG a of the breakthrough curve and
setting At equal to one standard devicslon. This ensures that rates are
output on the breakthrough portion of the discharge curve.- This criteri-
on is only applied for important isotopes. The definition of a important
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isotopo is stallar to the ons discussed in conjunction with the source
time step in Section 2.3.2. Howsvar, for transport, an isotope is con-
sidered important it its average migration time is less than the problem

'

simulation time, and if the averags migration time is less than 10 times
its half life, compared to 20 t.imes its half life for source
calculations.

After the minimum (over important isotopes) standard deviation is found,
a criterion is applied that does not allow Tw, to be decreased by more
than a factor of 0.2.

Nominal Ntahgr of Time Steps. This criterion requires a miniatus of 30
time steps - for a sitoulation time, or for the time dependent velocity
case, for a time interval. This criterion is needed since it is possible
that the first two criteria resulted in a tiac step that exceeus the
problem simulation time.

2.4.4 Spatial Step Determination

.Following the time step determination, NEFTRAN II finds the spatial
gridding. The three criteria used in determining the spatial step are:

1. ensure a nominal u.taber of grid blocks in each leg or the entire
transport path,

2. ensure that Courant numbers are bounded from below for important ,

isotopes, and

i 3 ensure that, for the path averaged case, the spatir.1 increment,
Ax, is not greater than the length of the source Icg.

The extent to which each of the criteria restricts the size of Ax depends

on the migration time, half lives of the isotopes being modeled, and the
time step. The criteria are defined further by a set nf increment-
determination parameters. These parameters have default values in the
code or can be input by the user (see Section 4,3,5) . The description
that follows is based on the default values for these parameters,

h ginal Number of Blocks. The number of grid blocks for a path averaged
'

simulation is initialized to 50 meaning Ax is initialized to 1.p/50.
Similarly, for a leg to leg transfer problem, the space step for leg i is
initialized to Ax3 - z3/7. where zg is the length of leg 1. The next two
criteria can only reduce or maintain these values for Ax, they will not
Jncrease them.

Courant Numbers. This criterion is based on the Courant number and is
concerned with the numerical accuracy of NEFTRAN 11. As discussed by
Campbell and 1.ongsine (1981), for the DVM transport model, numerical
dispersion can be controlled by the magnitude of the Courant number. The
Courant number is defined as
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CN - (2.79).

In general, to minirmits numerical dispersion for the DVH transport model,
CN should be greater than ot equal to 1.0 for all important isotopes.

Since At and v are known, the CN is set to 1.5 and tx la de t e ritined .
This applies to both path averaged and leg to leg transfer cas

.

Source 1,enrth, for the path averaged case, and if a flow through source
is being used, Ax is constrained by the length of the source leg. Speci-
fically, the space step cannot be greater than the length of the first
leg since this determines the source blocks for the flow through source
inodel.

At this point, the largest permissible tirne step and r.patial gridding
have been selected within the constraints of the problem, based on the
increteent deterrnination parameters. Large values reduce computer execu-
tion time, which is desirable espedally for statistical Monte Carlo
simulations. In addition, la.ge time steps also promote accuracy by
limiting numerical dispersion This is evident from the Courant number
criterion above and is diecussed in detail by Campbell and Longsine
(1981). The apparent excessive attention to accuracy that 10 evident in
the velocity model (Section 2.4.6), the discharge model (Section 2.4.7),
the distributaon of source into grid blocks (Section 2.4.C), and the leg-
to leg transfer model (Section 2.4.9) is required because of the large
time steps that are used to limit numerical dispersion. For runs in
which discharge of short lived isotopes must be characterized, time steps
should probaoly be sinc 11e r than that which is determined vlth the
criteria discussed above and in Section 2.4.3. The reader is referred to
Section 4.3.5 for suggestions to make the space- and tirne step selection
process more restrictive.

'

For simulations with steady state velocity fields, the space and time
steps found above are used throughout the entire problem simulation time.
For simulations involving time dependent velocity fleids, a new space and
time step are selected for each tirne interval as described above. An
appropriate time step for each time interval is determined and stored.
Space steps are found for each leg and the smallest space step is retain-
ed. Thus, the spatial griddin, does not change from time interval to
time int e rval . For all problem types, NEFTRAN 11 performs dimension
checks for the number or grid blocks versus the size of arrays that con-
tain atoms per grid block per isotope. If dimensions are exceeded,
either ax's are increased and a warning enessage is written or the code
aborts the run, depending on the severity of the excess.

2.4.5 Courant Numbers and Isotope Travel Times

The purpose of this section la to explain the importance of CN and iso-
tope travel time when simulating radionuclide transport with NEPTRAN II.
With numerical transport models using finite difference (PD) or finite.

P
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: element (FE) methodt, the accuracy of the transport simulation increases
| with decreasing time step. Thus, one can always improve accuracy with
1 FD. or TE based codes (at the expense of increased computer time) by

| simply decreasing the size of the time step. However, with DVM, numeri- r

cal accuracy is generally improved by increasing the size of the time
step. The reasons for this counter intuitive situation are explained by

.

Campbell and Longsine (1981) and are not discussed here. The fact that

! DVM likes a large time step has the obvious benefit of reducing computer
| time (by factors of 10 or more over FD. and FE based codes) . However,
i this also implies that there is no trivial rule of thumb (such as

decreasing the time step for FD or FE) for improving accuracy. The user '

should have the largest time step possible consistent with considerations,
,

of the time dependence of the source rate, isotope half lives, and
desired resolution of the brea':through curve. Because of the difficulty
of finding the " optimum" space and time step for a given calculation,
NEITRAN II will automatically select a space and time step if the user

; simply enters zeroes for these values.

NEPTRAN II will usually do an adequate job of selecting a space step and >

time step. However, the user should generally print out space and time. ,

step information, as well as velocity model and retardation information
in order to aesure that reasonable numerical criteria are being met. The
most important indicator of the nurnrical accuracy of NEITRAN II is
the CN. .

The general rule concerning the CN is that it should be greatar than or
equal to one for all important isotopes. As discussed in previous
sections, an important isotope is one that is expected to d'scharge from
its initial inventory during the problem simulation time. Conversely, an
unimportant isotope is one that is not expected to disch J;; in signifi-
cent amounts from its initial inventory during this time. In NETTRAN II,
for DVM transport, an unimportant-isotope is one with travel time signi-
ficantly larger than the problem simulation time or one with a half life
less than one tenth of the travel time. In the first case, the isotope
will not discharge from its initial _ inventory because it will not reach
the discharge point during the problem silmulation time. In the second
case, the isotope-will decay-to insignificantly low concentrations before
discharging.

It is useful to examine the effects of CN on numerical accuracy using
NEFTRAN II. Figure 2.7 ' compares breakthrough curves generated using
NEFTRAN II (DVM option) with an analytical solution. The travel time-in

'

this example is 500 years. The analytical solution-is shown as a solid
-curve. NEFTRAN 11 results are shown for CN -- 0.1, 1, and 2. For
CN - 0.1, substantial numerical dispersion is apparent, while-for CN - 1,
the numerical dispersion is practically insignificant, The curve for
CN - 2 is indistinguishable from the analytical solution. If the user is
interested in the integrated discharge _at-1000 years or_the concentration
(or dose) at-any time after about 700 years,.any of the three DVH curves
would probably be adequate.- - Howaver, suppose the user-is interested in
the concentration at 400 years. In this case, the most accurate curve
between CN - 1 and CH - 2 would be used. To- emphasize this point,

,

'
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.

consider figure 2.8 which presents the same results as figure 2.7 but >

vith concentration plotted on a logaritiusic scale. At 400 years, the
- concentration predicted using DVM with CN - 2 matches the analytical
soiution very well. For CN - 1, at 400 years, DVM overestimates the
concet.tracion predicted by the analytical solution by about a factor of '

2, while for CN - 0.1, the over prediction is as much as three orders of
magnitude. The message is that if concentration (or dose, etc.) at some
tirne less than the travel time (when the discharge is greater than zero
only because of physical dispersion) is the quantity of interest, it is ,

very important that CN > 1. At later times, the values of CN is less
critical, but should still always be greater than or equal to 1 for all
important isotopes,

,

Figure 2.9 is included to help keep the above discussion in perspective.
In this figure, the same analytical solution is compared to results e

generated using a finite difference transport code. The TD case with
Ax - 20 and at - 1 shows about the same level of accuracy (or inaccuracy)
as the earlier DVM case with CN - 0.1. The TD case in Figure 2.9 with
Ax - 1 and At - 0.5 shows about the same accuracy as DVM wi th CN - 1.
However, the TD calculation took about 15 mitiutes cotopared to a few
seconds with NETTRAN 11. No attempt was made with the TD code to .

generate results as accurate as the DVM casa with CN - 2.
2 It should be apparent from the above discussion that the NEPTRAN 11 user
'

not only needs to be aware of the value of CN, but also the travel time
in a given transport calculation, Before discussing travel time consid-
erations, a few definitions are necessary.

,

,

The nominal or average isotope travel time is defined as:
4

(2.60)T - ,. n

4

' where 7,, is the average isotope travel time, v the average isotope
velocity (ground water velocity divided by isotope retardation factor in
units of length / time), and L the path length from the source to the dis. >

charge point.

In atteropting to determine whether an isotope will discharge during the
problem sirnulation time, one could compare 7,, with the problem simulation
time. However, because of dispersion, discharge of an isotopa begins
some time before its average travel time. Thus, some approximation of
the time of first isotope breakthrough is needed. To estimate this time,
consider that the shape of the breakthrough curve near the average travel
time is approximately that of an error function (i.e., the integral of a
normal . distribution) . The st:nSrd deviation in time underlying t.h e

,

breakthrough curve can be estimated as

J 2aL (2.81)o - ,

T
V

|
1

i
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where or is the stendard deviation in time, a the disperstvity (length),
L is the migration path length, and v the average isotope velocity
(length / time). The-minimum travel time or the approximate time to first
breakthrough is estimated as

4

(2.82)7, T, + Mar ,

where T, is the approximate time to first breakthrough, T, the average
isotope travel time, and M some multiplier to be deterwined.>

Experience indicates that M - 2.3 gives a good approximation to the time
of first isotope breakthrough. The next example should help clarify the
above ideas on travel time and isotope breakthrough.

,

For this example, consider the decay chain

toAm 2soPu 2350 ,
|

The path length is 1000 feet, the diapersivity is 40 feet, and the fluid
velocity is 0.1 f t/ year. The retardations, average isotope velocities, }
average isotope travel times, standard deviation in time, and approximate
time to first breakthrough are given in Table 2.2.

Table 2.2

Parameters for Example Problem *

.

ISOTOPE RETARD. v T, og T,
-

Am243 150 6.67E 4 1.50E6 4.24E5 5.25E5

Pu239 15 6.67E.3 1.50E5 4.24E4 5.25E4

U235 75 1.33E.3 7.50E5 2.12E5 2.62E5
,

'
?

I f T, > TUB , the isotope is not expected to discharge in significant
- amounts and is thus classified as " unimportant."_ For illustration, the
example problem was.run for problem times TUB of 1.0 x 105, 5.0 x 105 and
1.0 x los years. -For TUB - 1.0 x 105 years only 238Pu should be consid-
ered important because T, for both toAm and 2350 are greater than TUB.
For 23ePu, CN - 1.35, while for 2'8Am and as5U,-_CN < 1. It is obvious that
NEFTRAN 11 focused its space and time step considerations on 23ePu as the
travel times for the other two isotopes are too long to reach the
discharge point during the problem: simulation time.. Figure 2.10 shows
discharge rates for this case. As expected.. asePu begins to discharge at
about 50000 years. However, 2ssU also shows some discharge. This occurs
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:
.

: beenune 23'pu decays along the migration path to 835U , some of which is
then able to reach the discharge point. None of the original source of*

] 2 50~ reaches the discharge point in this calculation.
;

Yhe CN for TUB - 5.0 x 10? years are 6.8 for asepu, 4.3 for 2:50 and less
,

than 1 (0.6) f or 3'3Am. By referring to Table 2.2, it is evident that
both 23'Pu and 235U are expected to travel from the source to the dis-

| charge point during the problein time. Consequently, NETTRAN 11 han
! increased the size of the time step so that both isotopes have CN > 1.

However, NETTRAN II did not try to satisfy CN > 1 for 24sArn which has a
: rainimum travel time slightly greater than 500000 years. Discharge curves
! for this case are shown in Figure 2.11. 23'pu again breaks through at !

approximately the expected time, while 23*U produced by decay of 23epu >,

begins discharging at approximately this time also. Note that at approx.,

imately 2.5 x 105 years, 2350 discharge begins to increase. This corre*
sponds to arrival of the original source inventory of 233U.

CH for TUB - 1.0 x 105 years for all three isotopes are > 1. The dis-
" charge rate curves for TUS - 1.0 x 10' years are shown in Figure 2.12. i

| Note than 8'3Am does not discharge in 1.0 x 10' years oven though its '

minitnum travel time is about $.0 x 103 years. The reason is that the
half life of **S m is only 7.37 x 103 years so that all the initial ;A

inventory for this isotope has decayed before it reaches the discharge i

point. The reason that assam was apparently considered important (i.e.,
CN > 1) is that. NETTRAN 11 was able to produce CN > 1 for the iteportant
isotopes (23'pu and 2350) and sneet other numerical criteria by siirply
using the default miniinum number of tine steps (i.e., the def ault maximurn >

time-step size). This default time step just happened to be large enough
to give CN > 1 f or 243 m.A

.

It la not .1 ways possible for NEFTRAN II to achieve CN > 1 for all 1 opor- '

tant isotges. In the above example, the retardation factors, and hence,
t.he isotope velocities, vary one order of magnitude. Consequently, the ;

largest CN is a factor of 10 lar6er than the smallest. Suppose the i
velocities varied over three orders of magnitude. If the slowest isotope
were "important" (i.e., expected to discharge) and NEITRAN - 11 were to
select Ax and At such that this isotope had CN > 1. then the fastest ,

isotope would have CN > 1000. That is, the fastest isotope would jump
1000 grid blocks each time step. The time step is liraited such that the i.

reigration path cannot be traversed in one time step and, therefore. to ;

obtain a CN >.1000, more than 1000 grid blocks would be required.- For '

- NEFTRAN 11, the dimensions are limited to 1000 grid blocks and it would
not . be possible to satisfy CN > 1 for the important isotope in this
example without exceeding dimensions. A compromise Ax and At would-have
to be selected or the dimensions increased. Alternatively, should such a
case occur An practice, the user may want to appeal to the physics of the
problem. For example, could the very miow moving isotope be left in the
source calculation to affect solubilities but not transported? If the
isotope is-at the bottom of a chain, can-it be simply ignored or just
take on the Courant nwnbe. of its parent if it would only discharge with
its parent isotope? Another alternative rnight be to break the decay
chain at the slow moving isotope if it is sufficiently long lived.,

i

|

- ,
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D

in stunmary, to get accurate discharge rate results using NEITRAN 11 the
user must be aware of-isotope travel times, half lives, and CN. In
general, CN for important isotopes should be > 1. Important isotopes ate
those with half lives sufficiently long (> 10% of the ininisetun travel
time) and velocities suf ficiently large (miniatus travel t irac < problem
simulation time) that they are expected to discharge from their initial
inventory during the problem sitoulation time. In teos t cases, it is
probably not necessary to estimate a minimum travel time but simply to
examine the isotope velocities provided by an optional NEITRAN 11 output
file. As a final stunmary point, the user must recognize the inherent
difficulty in trying to transport chains that have a very large range of
velocitics, in this case, Courant numbers for the slowest isotopes may
have to be compromised. In most realistic cases, however, these isotopes
will have such long travel times that they will be classified as unitepor.
tant.

2.4.6 Species Velocity Model

As indicated in Section 2.4.2, application of the DVM transport model to
a radioactive decay chain requires a method for determining the average
velocity of atoms that decay to daughter products during a t ime step, At..
As an example, consider the straple decay chain

A -+ B

and suppose that A and B have different retardation factors and there-
fore, different average velocities; To transport all the atoms in a
particul . grid block, it is nececsary to separately transport those A
atoms chas survive decay during At, atoms of isotope A that decay to B
during At, and finally, atoms of isotope B that survive decay during At.
That la, one must transport 3 "subchains" namely,

A -+ A velocity v4 ,

A -* B velocity va ,

B -+ B velocity v, .

As velocities v and v, are asstuned known, the problem is to calculatea

vie, the average velocity for atoms of isotope A that decay to_B (and
rernain as B to At) during At. One can write va as

-
'

v -T v + At T- (2.83)v
AB A A Aj B,

.

whero_Ta is the average time spent as A for atoms that decay to B during
At. Ta _ i s found by writing the probability that, in time interval At.,
species A decays to B which survives to the end of At. This probability
is written as:
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!
1

!

' . A, t '
' ' .2 (At . t )''

3Dp( A-+B) - e A dt e (2.84)..

| The first term in parentheses is the probability that species A survives
t o t iene t . The second term is the probability that A decays to B during
infinitesimal time dt. The last terin is the probability that B survives
decay to the end of At. Thus, the probability that species A decays to |
species B over At is an integral of the product of independent probabill-

;

ties, To find T , the integrand is weighted by t and the resulting4
integral is divided by DP(A*B). This is equivalent to

tAt

At A (At - t)g 3
tA e e dt

A ;

o'
(2.85) }Tg 73t

- .

g 3(At - t)At A
,

Ae e dtg
O'

a

The solution of Equation 2.85 is

(Ab * A )0'a
i 0 ( }~ ~ *

A (Ab A)At A A
a b- a

, ,y

.

This approach isSubstitution of Equation 2.86 into 2.83 yields va.
extended to decay chains of several isotopes in Appendix A. ,

,

The implementation of DVM is based on the transport of subchains within a
given decay chain. For example, suppose the decay chain 13* I ... * 1 3,

is to-he transported. In DVM,15 subchains are potentially transported
-over each At. These subchains are,

'
>

1 *I:41 1 + 1 -* I -* I 1 *I *1 *I *11 1 -+1
3 3 3 2 3 6 3 3 6 33 3

1 1 -* 1 1 -* I * I I *1a*I**I$2 3 3 3 4

1 -'I 4131 1,41 3 43 6

1 1 416 6 3

I$

'

,
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|
|

Column 4, for example, includes the- subd'ains necessary to update the |
amounts and locations of species !.. However, the contribution to

- species 1. over a single time step f rom species Is and (possibly) species |

In may be insignificant due to the reladve half-lives of each species. !
If this is the case, it is reasonable to i.ransport only lei. and 1 . |4

Past experience indicates that restricting subshains to a maximum length i

of five is adequate. Encountering the need to transport a six member
subehain is not anticipated and, in fact, has never been noted. Ilowever, ,

when subchains of length .6 or greater are encountered, an approximate !
scheme, presented in Appendix A, is used.

,

2.4.7 Discharge Model f

Determining total discharge of species r from t to t + 4t is based on
evaluation of j

i

p NB(r,r p)
6(r, t. At) - . F(r r p,-1)p(r - p, N, 1 + 1, t) , i

p-0 1-1 (2.87)
f

where NB(r, r - p) marks the grid block farthest from the boundary that ,

contains precursor r p and can contribute to the discharge of r,.

F(r. r - p.1) is the fraction of species r p in grid block N, . 1+1
that discharges as species r, and p(r . p, N, . 1 + 1, t) is the number
of atoms of species r p in grid block N, 14 1 at time t.

,
;
'

; .The determination of array F (and as a by product, the array NB) is quite
complicated and is the subject. of Appendix 8. As seen by the notation, F !
is: independent of time. Hence, F can be constructed during the setup

,

process and stored. The apparent excessive attention to accuracy that is '

evident -in determining the F array is necessary due to the large time
steps that are used to limit numerical dispersion for DVM. :

For the leg.to leg .ransfer. option (see Section 2.4.9) particles are not
allowed to skip a leg over a time step, thus only particles in the last
leg can discharge over a time step.- By replacing the path averaged
velocities with the velocities of the last leg, the process of finding ,

discharge fractions for the leg.to. leg ' transfer option is identical to
the leg-averaged option described in Appendix B.

244.8 Distribution of Source Into Grid Blocks
:

The source-model determines the total amount of source for each isotope 3
over time that is available for transport. In the flow-through source

~

model,- all- material available for - transport for each transport time step
is injected evenly into the source. leg grid blocks,- where the source leg - |
is the first leg in the migration path. Consequently, for transport,
- NEFTRAN II requires at least two legs in the migration path; the first
leg contains the source blocks and all subsequent legs the transport
path.
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1

9

l

Distribution of cource particles into the grid blocks using a mining cell
source is quite complicated and is described in detail in Appendix C.,

1 The basic-premise is that particles leaving the mixing cell are given a
! velocity using DVM as they exit the mixing cell, and allowed to travel as

far as they will go over the time remaining in the transport time step.
As particles exit the mixing cell into the migration path, the scheme

i takes into account radioactive decay and differing species velocities.
Similiar to DVM transport and discharge, sets of fractional inultipliers
are developed for grid blocks that receive source particles over a time
step.

2.4.9 Leg to Leg Transfer Model

Section 2.4.2 discusses the ireplementation of the DVM transport model
based on the assumption of a single one ditmensional homogeneous leg rep-
resenting the entire migration path for radionuclides. In others words,
even though each leg in the migration path may represent a different
medlurn, the velocities (*n each leg are averaged and the DVM t.ransport
model is applied to the averaged velocity with a single dispersivity.
For saturated porous media, combining different velocities into a single
average velocity has been shown to yleid acceptable results and to be
cornputationally efficient (Carephell and others, 1981). However, if some
of the legs are to represent fractured media with the accompanying >

diffusion into the _ rock matrix, the contact time between fluid in the ;

fracture and matrix becornes irnportant. The contact time induced by using ;

a velocity averaged over both porous and fractured legs may not be physi- .

cally meaningful. Also, to simulate transport in both unsaturated and !

saturated media, the dispersivity for each zone may be significantly '

different such that-using DVM based on a single dispersivity may not be
appropriate. Therefore, the DVM transport roodel has the capability to
include the concept of transporting radionuclides between different legs '

over'a time step (i.e. , leg to-leg transfer). Within each leg, the DVM
concept of distributing velocities is implemented as discussed in Section'

2.4.2.

The simulation of leg to leg transfer of radionuclides munt account for
particles that begin a time step in one leg and end the time step in :

another. For the leg to leg _ transfer model, the magnitude of the time
_

step is restricted such that a leg cannot be skipped over the time step ;

(see Section 2.4.3). Consequently, particles with a given velocity that
begin the time step in a certain leg are assumed to either end the time

'

step in that leg or in the next leg. As mentioned previouwly, with only
one exception (discussed at the end of this-section), particles that do ,

not exit a leg in a time step are accounted for in the same way as
described in Section 2.4.2.

Leg-to leg transfer is cornplicated by the possible occurrence of negative
- velocities in the- distribution of velocities for each leg. Negative
velocities can occur due to the assumption that solute dispersion can be
modeled assuming a caussian distribution of velocities. This is the

i
conventional treatinent of dispersion and is a property _ of the mathemati -
cal formulation, not the physical process. The physical process of

,

. )

I
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mechanical dispersion (i.e., excluding coleculer diffusion) can only
result in movement of natorial downstreats in the direction of flow and
not upstream, Tor the leg.to leg transfer model, if negative velocities4

1 are encountered, particles are not allowed to travel backwards into the
i previous leg in the migration path. This is accomplished by attaching

' catcher * blocks at the leading edge of each leg. The use of catcher
blocks in the leg +to leg transfer model vill be discussed at the end of,

this section.

The occurrence of negative velocities causes one further dif ficulty for,

implementing the DVH Icg to leg transfer model. It requires that the
code track the leading and trailing edges of a contributor block forward
in time to see if there is any overlap with the given receiver block.
This is different than the implementation of DVH for the path. averaged .

! case, where the code tracks backwards in time f rom receiver blocks to
i find all possible contributor blocks.
? >

The need for this altered approach is due to the possibility that contri-
: butor blocks may be undefined for some receiver blocks. In other words,
i every receiver block in a new leg may not have a source block from the

previous leg. Thisi happens when a packet of particles ends up straddling
a leg boundary. If the velocity of the particles in less than zero in '

the first leg and greater than zero in the second leg, the original
,

contents split into two separate packets, Consequently, the partial
packet that travels backwards in the first leg does not contribute to the
expected receiver block in the second leg and the source for these
receiver blocks becomes undefined. Thus, it in easier in the leg to leg
transfer model to track particles forward in time rather than to search'

backwards for contributor blocks.

Intuitively, the logical time to check when a packet may straddle a ?

boundary should be at t.h e end of a. time step. lloweve r , due to radio. !
'

active decay, the time when a packet any straddle the leg boundary is
checked after the time spent as each isotope. This time is discussed in
Section 2.4.6. For example, for the subchain la '' I * Is, the time the #

,

packet is straddling the leg boundary af ter T , the time spent as l , is'

3 i
significant. '

Before discussing the scheme for tracking packets forward in time in the !

leg to leg transfer model, the general set up of NDTRAN 11 vill be dis.
cussed. A packet is defined as the fraction of material in a contributor

,

block that begins the time step as isotope 1,1, and ends the time stop '
3

as isotope p, I . For example, the decay chain 13 1: * I,will have six4p

packets in each contributor block corresponding to the subchains:

1) 13*13
+

2) 1*1 '

3

3) I: * I,

4) 11*12 * Is '

,
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$) 1*1 3

6) 1*I

The fraction of material contained in a packet, h, is

f3 - H DP[ 13* 1,, t) (2.88),

where M. is the material in contributor Hoch k and DP[ 1 i, t] is*
p

the decay production factor,

for the leg.to. leg transfer model, to track a packet forward, the
progress of the packet as species l for time T la first tracked. Then

i

the packet is tracked as it migrates with the velocity of species 1 ,33

for time Tng and so forth. If packet b ands Tg with both leading and
trailing edge in the same leg, tha location for packet b is updated and
stored. If the packet ends Tg straddling a Icg boundary, the packet is
split into two new packets and relevant information is stored. Each new
packet is characterized by: !

a, the location of its leading edge,
ib. the location of its trailing edge, and

c. the fraction (Scometric mixing fraction) of the original packet
that the new packet represents. |

At the end of the time step, it is determined whether any of the packets,
old or new, overlap receiver blocks. This information is important in
order to find the appropriate geometric mixing fraction for the
potential receiver blocks.

To find the geometric mixing fractions for contributions from blocks in
leg L to receiver blocks in the next leg (IA1), the leg.to leg transfer
model accounts for the following four different overlap possibilities

,

(illustrated in Figure 2.13):

a. both the leading and trailing edges of packet b are located in
receiver block 1,

b .' the leading edge of packet b is in receiver block 1, but the
trailing edge is not,

c. the trailing edge of packet b is in receiver block i and the
leading edge is not, or

i

d. the leading and trailing edges of packet b ' envelope receiver
block 1.

(b) are true then there is no overlap and-If none of the conditions (a) -

the geometric mixing fraction for receiver blocks in the next leg is
zero.
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'F1 ure 2.13. Illustration of-Four Possible Situationn Arising Because of6
an overlap of a Packet. and a Given Receiver Block
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As indicated previously, another topic that needs to be addressed for
leg.to leg transfer is when a negative velocity dictates movement from
leg L to leg L 1. To account for these negative veloetties, the leg.to.
leg transfer nodal artificially extends the length of les L to * catch"
the negatively directed particles, pigure 2.14 shows three such catcher
blocks appended to leg L. Particles in leg L.1 have a velocity distribu.
tion calculated with Equation 2.59 using the pore velocity, dispersivity
and retardation of leg L 1. As these particles arrive at the boundary
between leg L 1 and leg L, they are subject to the velocity distribution
in leg I corresponW ng to the pore velocity, dispersivity and retardation
of leg L. The velocity distribution in leg L inay have negative
components that will force particles backwards into leg 1. lloveve r ,
this is not allowed because once particles 1 cave leg L 1 they are no
longer transported with the properties of that leg. Instead, catcher
blocks are added to the entry of leg L to allow particles to move
backwards and be transported with the velocity distribution of leg L
without actually going back into leg L 1. Af ter each time step, the
particles that are in the catcher blocks are summed and put into the
first grid block # 1eg L. This ensures that no particles are allowed to
migrate farther back in the artificial catcher blocks.

There is a potential inconsistency in the treatment of particles near a
leg boundary. This inconsistency can occur for a velocity packet in
which the parent velocity is positive and the daughter velocity is
negative. An exareple is a two inenber chain for which this occurs for at
least one packet. In this case the packet splits and part of the
original packet retnains in leg L and part rernains in leg L+1. Iloweve r ,
for transport in the interior of Icg L, the fraction contributing to the
last grid block is larger than what it is supposed to be. In fact, the
entire distance from the trailing edge of the packet to the leg boundary
is available for interior transport since the packet maintains the veloc-
ities for leg L throughout the time step. Thus, not allowing particles
to return to their original Icg can result in double counting by the
interior transport fraction near the boundary.

To correct for the above special case, an algorithm was developed to
adj us t the arrounts of particles that remain in each leg. For each sub-
chain that has more -than one member, the need for adjustment is checked.
If a velocity interval is detected having some positive movement followed
by some cegative movement, the contributions from block to block in the
irg interior near the down gradient boundary are traced. If necessary,
an adjustment f raction is generated and saved. This algorithm is also
applied to the last leg to avoid inconsistent treatment with tho
discharge model discussed in Section 2.4.7.

2.4.10 Matrix Diffusion Model

NEFTPM 11 contains a model that treats the exchange of radionuclides
between a mobile dynamic fluid and an immobile stagnant fluid in conjunc.
tion with the DVM transport model. An example of where this snodel reay be
applicable is in simulating radionuclide transport from fractures to the
surrounding rock raatrix. The expected effect of this phenottenon on tho

2 $4
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Figure 2.14. Illustration of Catcher Blocks Appended to Leg L
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i transport of stable species to to cause diopersion of the speeles. For
| decaying species the retention period in the immobile phace may be long

enough to reduce concentration through radioactive decay significantly, ]
'

This roodel inay also be applicable for simulating transport in porous
! media that contains dead end pores.

Ihtstty . The matrix dif fusion model contained in NEITRAN !! is based
a primarily on the work of van Genuchten and Vierenga (1976). The roodel

uses the stroplifying assumptions of a constant innieobile pore volurne to
]

-

] represent the immoble phase and a mass exchange coefficient to determino
the mass flux between the mobile phase and the immobile phase.,

:

I

The rate of dif fusion from the mobile phase to the iminobile phase is i
*

assumed to be directly proportional to the concentration diff erence |
; between the mobile and immobile phases. Letting subscript d (dynamic)

denote mobile phase properties and subscript a (9tagnant) denote immobile
phase properties, the governing mathematical equation for the rate of
change of concentration in the immobile phase is'

>

oC (x,t)i

8,Rs at ~O d(x,t) - C,(x, (2, W

,

where C denotes concentration in units of mass per unit volume and the
constant of proportionality, p, is the mas exchange coefficient with ,

units of inverse t tice , 8 is the volume fraction occupied and R the;

retardation factor.

Innlementation, As discusor 3 above, van Genuchten and Wierenga (.1976)
account for the loss of solute from the mobile fluid to the immobile2

'
fluid by the addition of a sink term to the convective dispersion
equation, Since time is discretized in DVM, this fracture matrix
exchange can be included at the end of each time step. That is,
particles are transported in the mobile phase using the conventional DVH
solution of the convective dispersion equation, At the end of a
transport step, concentrations in the mobile phase are compared to those *

in the immobile phase and diffusional exchange is modeled,

For those legs along the migration . path that the user selects as
representing dual. porosity reedia, a parallel system of grid blocks is
generated. The only mechanism for molecules to move from one system to *

the other is by diffusion. Figure 2,15 shows leg L with its associated
imrnobile phase. As indicated in Figure 1.15, the Kth block of leg L.is
associated with the Kth block containinF immobile fluid for leg L. Thus,
exchange occurs between pairs of blocks in the two systems, No exchange
occurs between adjacent immobile phase blocks, ;

i

| For. each block pair, the rate of diffusion is assumed to be directly
. proportional _ to the concentration difference between the mobilo and
immobile phases, as indicated in Equation 2.89. A forward finite-
difference approximation of the time derivative in Equation 2.89 yields

i

I'
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C,(x,t + at) - f ^ 'C (x,t) C,(x,t)' + C,(x,t) (2. W[ ds s - -

Incorporation of Equation 2.90 into DVM requires that particles in a
given grid block are converted into concentrations. Allowing for retar-
dation, this conversion is as follows *

.

C I * ' ' ) ~ ~~d
* ' * ) TPI

d i Ed d
(2.91)'

,

C,(x,t)--{(x,t)
P

g
a 8 .

n

where P(x,t) is the quantity (in atomo) of the given species at location i

x and time t. R -is the retardation factor and # is the volume fraction
occupied.

Using Equation 2.90 and Equation 2.91, the nun 3ber of atoms in the stag-
nant region at t + At is

0P,(x,t+At) - C (x,t) C,(x,t) C,(x,t) #g R, . (2.92)+
d

.

To complete the solution, the concentration in the dynamic fluid must
,also be updated. This is done by conserving mass (atoms) between the -

immobile and mobile phase before and after diffusional exchange. That is

P I I (2.93)" ~

d T s
,

where Pr is the total number of atomA in the System (Mobile plOS }1mmobile) before diffusional exchange.

Af ter P is found, the value of P,(x,t 4 At) is updated to account ford

radioactive decay. The spatial distribution of particles in the mobile ,

phase at time t + At is calculated using the approaches discussed in
Section 2.4.2. 4

To summarize, the implementation of the fracture matrix exchangs algo-
rithm is as folloss:

(1) transport radionuclides in the.mo/11e pt.ase from t to t + At,S

P

(ii) calculate exchange for each nucif de using Equations 2.90
through 2.93,
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,

i

in preparation for the next time step, age the etoms in the,(iii)_ im obile fluid to e + 24t,
|

(iv) set t - t + at and return to (1).
!

|
Those steps are repeated until an upper bount, time is_ reached. |
Step (iii) insures that radfonuclides aged to the same time- in both ;|

phases are interchanged.
|

The implementation of step (ii) uses Equations 2.90 through 2.93 with
location x governed by grid block number. T1u re le one added cotoplica-
tion, however. Since the time steps for DVM M e typically large,
straightforward use of Equation 2.90 can result in concentrations ;

modified beyond the point of equilibrium. Thus, NXITRAN 11 requires the
. concentration difference between the fract.utes ~ and the matrin not to
' change sign over At. So if, for example, |

t

'!. d > C, (2.94) _ f
I

s t

and af ter accounting for diffusional exchange, it is fou,d tiet '

t

(2.95)Cd < C, ,

i{ then exchange- should. have ceased when equilibrium was teached. The
equality

(2.%) jC - C, ,d

is imposed whenever this occurs. !

2.4.11 DVM Transport in Time Dependent Velocity Fields
l

The most significant difference between NEFTRAN II and NEFTRAN is- the
NEFTRAN _ It capability s o - transport radionuclides in time dependent

c velocity fields. -Spacifically, NEFTRAN II simulates time dependent j

velocity.fielda by approximating the time varying velocities with sequen- . i
tial steady state velocities.- The user defines time rangen ever which !

the velocity in each leg is esseritirliy constant and these velocities 'are
- read into NEf7RAN II:from an external file (set Section 4.3.1) . As-dia-
cussed in_Section 2.4.2, the only_ difference.13 implementetion if DVH_for

,

Jtine dependent velocities is following each time interval, the - code
,

recomputes . the transport fractions based on the new velocities and new :,

> - time steps-to be used for-the next time interval. )
_ 1i

This capability vus added to NEf7RAN as a first approximation to modeling )
transport in unsaturated Luedia. For unssturated zone ' cransport, trans- '

port _ parameters become time dependent. Fot egnaple, saturation is a

s

) '
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function of tims and, therefore, the retardation factor and velocity, as
they are a function of saturation. are also time dependent. Although,

radionuclide transport in the unsaturated zone is complex and may not be
completely defined at this time, this first approximation may be used to
mienic the effects of transport in the urnaturated zone, and still retain
the efficiency of the code needed for vo*formance assessment require.
ments. It is also possible that, for cer M o combinations of parameters, '

this approximation is acceptable.
,

Besides undeling unsaturated zone transport, this m ability can also be
,

ua*d to model significant climatic changes that r% ult in ground water
velocity ebanges for example, one could assume than over a period of
10000 year. . the climate changen at 5000 years such cli.t the flow veloci-,

ties are douhh A. However, the basic underlying asmpt. ion is that the -

flow paths do et change with time (i.e. , the migration path is constant
with time), ano oni,) the magnitude of the velocity is time 6ependent, ,

,

I,

lyration,. As indicated above, foi transport in the !Tine dcoendent S-

unsaturated zone, ' m retardation. factor is a function of saturation (n.).

which is time dr7 tnknt. To be able to mimic this effect, NEITRAN 11 '

alim s the user o itput time. dependent naturations along with time- ,

' nt veloc.+ es. The only effect that saturation has is on the- *a.

'on facte. (R), where the unsaturated retardation A ctor is given*

by

b .t - n, R (2.97),

This is a ff v approximation to the effects of the unsatutst.d zene
transport m re4 trdation; however, it would be simple to incoty(* ate
anothee rela icush!, not necessarily based on saturation, as long ( te,

effec *. on roter\atios is linear.
,

'

Besides being used te nodel- unsaturated zone transport, tbs capab!My
could be used to al.e a: a linear time dependent geoche,sical effect on
re tarda r;lon. for exa ple, if the retardation factor was assumed to be a
linear function of rineral composition and, the coaposition was depleted
with time, this capability c:ould be utilized.

,

| '

|-

L

l

1
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3.0 DESCRIPTION OF CODE

'

i

The following sections will describe how F"FTRAN 11 is structured, as
well as the subroutines, the parameter state. nts and the common blocks
contained in the code.

3.1 Structure

The code structure will first be oescribed in general, including the
structure that is followed for multiple simulations. Next, the structure
of the source module and the transport module contained in NE}TRAN II
will be discussed.

3.1.1 Cencral

A flow chart of the general structure of NEFTRAN II is shown in Figure
3.1. The first task M.at is executeo by the main program is to call a
subroutine to read the input file (s) provided by the user. Next, if the
user has requested for NEITRAN 11 to solve the fluid flow network, the
network flow modo? is implemented by calling the appropriate subroutines.
The next functica of the main prorram is to 1 plement the source model
contained in Nr.TMN II . "he sor.rce model provi des the source rates that
are required ty the DVM transport model, but is independent of the DVM
transport model. The final step in the simulation is radionuclide
transport. For multiple chain simulations , the DVM transport model is
implemented inde, tndently for each chain. After all chains have been
transported, the inst task of the cain program is to call a subroutine to
write the discharce rates for rach isotope to the appropriate output
files.

Automated multiple simulations in NEFTRAN II can be accomplished bf two
different means. First, a completely new input file or parts of the
input file can be read for each new simulation based on certain input
options (see Section 4.5.1). Consequently, if the user wanted to run
multiple simulations for completely or partially different input sets,
one could simply append all of the input sets into one input file, with
the appropriate outions indicated between each data set. NEFTRAN II
would execute each data set. until an end of file was encountered.

Second, specific input can be over-written based on data from an external
file (see Section 4.3.1 for a description of this file). This is termed
the statistical Monte Carlo run mode of NEFTRAN II, where the external
file contains vectors of randomly sampled input variables found from a
computer code like i.H S (Iman and Shortencarier, 1984). Each vector
contains one value for each of the set of sampled data input variables,
For the statistical run mode, NEFTRAN II reads input data from the basic
input file, and if the user has requested for sampled data to be read
from an external file, it replaces the input data parameters with values
from the external file. This is repeated for each sampled vector until
an end of-file is encountered in the external file. The reader should
note that these two ways of conducting multiple simulations with NEFTRAN
II are not mutuaHy exclusive and although not normally done, both could
be implemented at the same time if this was required by the user.

3-1
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- 3.1.2 Source Module

Figure - 3. 2 shows a flowchart of the source module contained in NEFTRAN
II - The module loops through time based on source time steps. The first
process that is accounted for over a time step is leaching. If leaching
is the.only process being considered (as specified by the user) then thw
source rate can be determined based on the amount leached for either the
flow through source or the mixing-cell source, whichever model is being
implemented. However, if the solubility limit of the source is also-
being modeled, then the amc.unt leached is added to the undissolved inven-
tory. Next, if there ir a time-dependent flow rate through the source,
the total flow rate over the time increment is found. This is needed in
the next step where the amount dissolved, based on solubility limits is
found. Next, a comparison between the amount dissolved based on solubil-
ity limits and the amount left in the inventory is mace.

The amount placed in the . dissolved inventory is the minieun of these two
. quantities. This amount dissolved is then subtracced from the
'

undissolved inventory. At this point the source rates can be found for-
either the flow through source or the mixing cell source, again, depend.
ing on which model is being utilized. After the source rates are found,

the inventory is updated for the next time step, and the time is incre-
mented._ If the incremented time is greater then the problem simulation
time, the source module terminates its calculations.

3.1.3 Transport Module

a flowchart of the transport module contained inFigure 3.3 presents _
NEFTRAN II. If the : analytical solution is being implemented for
simulating transport, the appropriate equations (Equation 2.18 - Equation
2.22) are solved, _ If the DVM transport- model is being utilized to solve
for transport, for time-dependent velocities, transport is-simulated for
the first time interval. If the fluid velocities are not time-dependent,
only one time interval occurs and this interval is from the release time
to the problem simulation time. Before the ' simulation actually occura,
the transport fractions can be found. If the mixing cell source model'is
being imp'emented, the fractions relating the distribution of the source
in _. the - transport path can be found as _ vell as the leg-to leg transfer
fractions, if the leg to leg transfer. algorithm is being implemented.
Finally, before actually simulating transport, the discharge fractions
are found. During the simulation, for each time step, matrix diffusion

is accounted for if the user has indicated that some of the les'in the-
transport path are dual porosity legs. The transport simulation.is.ter-
minated when the time is greater than the time interval. If the time
interval is greater than or equal to the proble'm simulation- time , the'

transport module calculations are stopped. Otherwise, the transport
fractions are found for the next time interval and transport is simulated

- for that time _ period.

3.2 Subroutines

The following sections will briefly describe the function of each sub->

routine contained in NEFTRAN II, as well as where the subroutine i s,

called from and what subroutine (s) it calle. The first subroutine that
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is discussod is the usin driving progrca (NE} MAIN) and subsequent sub-
routines are discussed in alphabetical order.

3.2.i NEFMAIN - main program

called From Calls
BSOLVE, CHAIN, COEFF, FIDWIN,- - -**--

CETRV, MET 110D, PTHLEN, SOURCE,
WORK

NEFMAIN is the main driving program of NEITRAN II. It is capable of
handling single or multiple simulations. It calls FLOWIN in which the
data input is-read. For multiple runs, the initial call to FWWIN serves
as the basic set up. Subsequent runs can be accomplished by either
calling FwWIN for additional data sets or CETRV to read input vectors
from an external file (unit 10) and overwrite existing data (for a dis-
cussion of this external file see Section 4.3.1). If the user opts for
the flow network to be solved, NEFMAIN calls COEFF and BSOLVE, checks an
error flag to see if BSOLVF. was successful in solving the pressure equa-
tions, and condenses the pressure array since some of the pressures are 1

known from input. NEFMAIN calls PTHLEN to calculate pore fluid veloci-
ties if the flow network has been solved, or to check the. user input
velocities for flow direction consistency. These velocities are required
by the trancport model. Next, NEFMAIN implements the source model by
calling SOURCE. The source model is decoupled from the transport model-
and provides_ source' rates for the DVM transport model. If the analytical
transport option is chosen, SOURCE updates the user t:pecified inventories
to release time and exits. For each chain, NEFMAIN calls CHAIN and
METHOD to implement the transport model. After the transport simulations
are completed for each chain, NEFMAIN calls WORK to write discharge
information to the appropriate output file (unit 30).

3.2.2 ADJB(VA, LC, IP, TS, IiAST, KNT)
'

Called From Calls
FACER - --

Subroutine ADJB is implemented with the DVM transport model in conjunc-
tion with the leg-to-leg transfer option. When the leg-to-leg transfer
algorithm is invoked in FACER,: negative- velocities (see-Section 2.4,9)
can cause- double counting of some particles at the end of each leg.
Subroutine ADJB is - called from FACER to compute the fractions to correct
for this double _ counting for each leg.

3.2.3 BAND (TSTART, TEND)

Called From' Calls
METHOD GIT, RATIO, TPPRT

Subroutine BAND is called from METHOD when the user opts for the analyti-
cal transport model (see Equation 2.10 Equation 2.221 BAND applies-

the analytic solution for a chain of up to three radionuclides with equal
retardation factors at a prescribed distance from the source. The source

1
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i

|
4

boundary condition is a point source in space and a decaying band in
time, I

i

3,2,4 BRANCH (EPS) )
Called From Calls
SOURCE, DTUPDT, SETUP ET

Subroutine BRANCll creates the radioactive decay subenains that are used
to estimate decay / production of an isotope over a time step and calls ET
to find the decay / production factors (as far upchain as necessary) based
on the Bateman equations. SOURCE calls BRANCli to update the radionuclide ;

inventory to the release time, DTUPDT calls BRANCil to age the inventory |
over the initial source time step, and SETUP calls BRANCil to age the
inventory by the DVH transport time step.

In creating the subchains, BRANCil traces branches from an isotope upchain
to the end of the- chain (s). The current code logic allows four such
paths. BRANCil _ determines how far upchain to look for reasonable repre-

_

sentation of the production of the isotope over a time step using ratios
of Bateman- production / decay factors, EPS is-the maximum cutoff ratio,
When called from SOURCE, EPS is 10-a, when called from DTUPDT, EPS is
10-S, and when called from SETUP, EPS is 10-*. Terminating a subchain
prior to a branch poitt decreases the number of necessary paths. For a
detailed discussion of how NEFTRAN II stores decay chain information,
which is implemented in subroutine BRANCli, see Appendix D.

3.2.5 BSOLVE(KER)

. Called From Calls
NEF ---

Subroutine BSOLVE is called from NEF when the network flow model is (
implemented. BSOLVE solves the banded matrix equation set up in sub-
routine COEFF using a Caussian elimination technique. This - subroutine
precludes the need to use an external subroutine package to solve the
matrix equation.

3.2.6 CATCil(CA, NPT,_VDT) >

Called From- Calls
DXDT- -----

For the DVM - transport model, subroutine CATCil determines the maximum
distance (VDT) that will be required to catch negative directed particles
for each leg. DXDT and CilAIN use this distance and the space step to ,

determine the total number of catcher blocks needed for each-leg.

3.2.7 CilAIN(IW)

Called-From Calls
NEF, SOURCE DXDT, TRACER

3-7
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Subroutine CilAIN substitutes information for a given chain in a multiple.
chain execution to local arrays. When called from SOURCE (IW * 0), CliAIN ,

calls TRACER to find the mean travel times for each isotope which are
used by DTUPDT to determine isotope importance for source time step
determination. When called from NEF (IV - 0), CilAIN calls TRACER to
determine mean travel tienes to be used by DXDT for transport time step
determination. For the DVM transport model, CHAIN also calculates the
number of catcher blocks needed for each leg. For time-dependent veloci-
ties, CllAIN saves the minimum space step required and the maximum
distance required to catch negatively directed particles for each leg for
all time frames, and checks to make sure dimensions are not exceeded
based on these parataeters.

3.2.8 CHKPTH

Called From Calls
PTHLEN -- -

Subroutine CHKPTH is called by PTHLEN to verify that flow is downgradient
along the user-input migration path. It also checks that legs along the
migration paths are sequentially connected. 2

3.2.9 COEFF
,

Called From Calls
NEF -- --

COEFF is called when the network flow model is implemented and puts into
matrix form the system of equations used to solve the flow network (see
Section 2.1), Specifically, COEFF creates the transmissivity matrix and
the constant vector used in solving for the unknown pressures at leg
junctions. COEFF also implements the viscosity submodel.

3.2.10 DTUPDT

Called From Calls
SOURCE BRANCH, ET

DTUPDT provides the time step for the source model calculations if it is
not input by the user. Section 2.3.2 presented the basic criteria for
time-step determination and discussed the specific parameters that DTUPDT
applies in finding the time step for source calculations. By calling
BRANCH and ET, DTUPDT also finde subchains and decay / production factors
over the source time step.

3.2.11 DXDT

Called From Calls
CHAIN CATCH

DXDT finds the space and/or time step for the DVM transport model if they
are not input by the user. Material is presented in sections 2.4.3 and
2.4.4 that discusses the basic criteria for space- and time-step determi-
nation and discusses the structure of DXDT and how it applies the set of

3-8
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criteria to determins the tima and space increment. DXDT calls CATCH to
find the maximum distance that will be required to catch negative
directed particles for ec h leg.

3.2.12 ET

Called From Calla
SETDIS, BRANCH, DTUPDT RATIO

Function ET is used to evaluate the Bateman coefficients for calculating
the radioactive decay / production factors. When called from BRANCH, ET
finds the factors for either updating the source inventory to release
time or for updating the inventory by the DVM transport time step or the
source time step. When called from SETDIS, ET finds the decay / production
factors for isotopes surviving decay to discharge. Wen called frorn
DTUPDT, ET finds the decay / production factors over one half the source
time step. ET uses a Taylor's series expansion to solve for the Bateman
coefficients. If- convergence of ~ the Taylor's series is expected to
require too much execution time (i.e., a combination of small half lives
and large time step), ET calls RATIO to evaluate the Bateman coefficients
in a pairwise manner.

3.2.13 FACER

Called From Calls
SETUP ADJB

Subroutine FACER implements the leg to-leg transfer algorithm for the DVM
transport model. FACER finds the leg interface fractions for each
isotope in each subchain crossing from a leg to the subsequent one. For
velocity packets that are negatively directed. FACER calls ADJB to adjust
the Iractions to ensure that double counting does not occur at the leg
interfaces.

'

3.2.14 FIAWIN(IPASS, ROOT, KROOT)

Called From Calls
NEF INPRIN, STOPPER

Subroutine FLOWIN reads in all of the data input required by NEFTRAN II,
with the exception of CETRV (see next section). For multiple data sets,
IPASS > 1, FLOWIN-re-reads only the input indicated by the INP array (see
Section 4.5.1), and if an end-of-file is encountered it is assumed to
signify a - normal termination. On the first pass (IPASS 1) , - FLOWIN-

opens the input and output files, centers the title and finds the
execution date and time. For chains that are not included in the source
calculations , . (see Section 4.3.2), FLOWIN condensos the appropriate
arrays. FLOWIN also calls STOPPER to do general data input checking.

For the PC version of NEFTRAN II, ROOT is a character string input by the
user for the name of the input file ((root).INP, unit 2) not including
the extension of the file name. ROOT is then used by FLOWIN to accors
other input files if required and to name output files accordingly.
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-KROOT-is a counter that=is used to count how many characters are con-
tained in the character string ROOT, See section 4.1 for a more detailed
discussion of the file n aing scheme for NEFIRAN II.

3.2.15 GETRV(JTRIAL)

Called From Calls
NEF STOPPER

GETRV is used in performing multiple simulations for statistical studies
which allows the user to assign selected sampled values to the appro-
priate NEFIRAN 11 variable names. Consequently, for the most part, CERTV
is a user-written subroutine and the user is responsible for the required
replacement statements and units conversion factors, CETRV reads the
external file (unit 10), which contains each statistical trial vector.
Simulations are conducted automatically for each vector, where the
selected input is over-written with the vector values for each simulation
based on the user-supplied replacement statements. JTRIAL is read from
the external file for each vector, and indicates the trial or vector |

number. An end-of-file encountered in the external file indicates normal
termination for a statistical run. The format for the external file is
discussed in Section 4.3.1.

3.2.16 GIT (T, Y, V AL)

Called From Calls
BAND ...-.

Function GIT is called from BAND and uses a fifth order Hastings approxi-
mation (Abramowitz and Stegun, 1965) to calculate the sum of the
complementary error function terms given in Equation 2.22. The complete
analytical transport model solution is generated in BAND.

3.2.17 INPRIN(Ki, INCRM)

Called From Calls
FLOWIN ..... .

INPRIN prints user opted input parameters to the hardcopy output file.
Some of the parameters may have been altered in subroutine STOPPER due to
input error checks, otherwise they are as input, KM indicates which
parameter sets the user has designated to be printed and INCRM is a flag
which indicates whether or not the default values are utilized for the
space - and time step determination parameters. INCRM equal to zero
indicates that the default values have been used.

(~ 3.2.18 INTG(S1, B1, S2, B2,T1,T2, D, F,N, DT, ANS)

. Called From Calls
MXCLL .....

Subroutine INTG is called from MXCLL and is accessed only when the
mixing-cell source is used. INTG is used to evaluate the integrals in
the mixing-cell source model developed in Appendix C. The variables in

1
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the argumsnt list are th3 licits of integration that are found in MXCLL
and defined in Appendix C.

3.2.19 LECMHOD(T1 T2,F)

-Called From- Calls
SOURCE -

LECMMOD is part o? the source model and is called from SOURCE. LECHMOD
finds the total fractions unleached at times T1 - t and T2 - t + At. The
fraction, F, 1 cached is the difference of these two fractions. Depending
on user input, the fraction leached is either based on a constant leach
rate or an exponentially decaying leach rate.

3.2.20 METHOD

Called From Calls
NEF BAND, SETUP, TPPRT, TRNSPT

Subroutine METHOD is the driving subroutine for the transport module. If
the user selects the analytical transport model, METHOD sets the start
time, stop time and time step and calls BAND to solve the analytical
transport model equations (Equation 2.18 - Equation 2.22) See Section
2.2.2 for a discussion on how the starting time, stopping time and time-
step are found. Before calling BAND, HETHOD checks to see if discharge
occurs during the problem simulation time based on the average migration
time for each isotope. If no discharge is detected then METHOD calls
TPPRT to print out zero discharge information to the approyriate. output
files at the telease time (TRLSE) and the problem simulation time (TUB).
For the analytical solution, METHOD also checks to see if the last rate
is written at a time less than the problem simulation time. If this is
true, METHOD calls TPFRT to print / append zeroes to_the appropriate output
files.

If the user opts for the DVM transport model, METHOD calls DXDT and SETUP
to generate the parameters needed by TRNSPT. METHOD calls TRNSPT to
simulate radionuclide transport through the migration path for the
problem simulation time. For time dependent fluid velocities, HETHOD ,

executes the above sequence of commands for each time frame.

3.2.21 MXCLL(KBMAX)

Called From Calls
SETUP INTC

Subroutine MXCLL is called from SETUP when the source rate is distaibuted
into the transport path based on a mixing-cell source region. MXCLL
creates the source factor array used to update-the fraction of the source-
of a given isotope to a specific grid block over a transport time step.
MXCLL is structured according to the subcase numbering structure found in
Appendix C. KBMAX is found in MXCLL and is the number of source grid
blocks needed for the mixing cell source. KBMAX is used in CHAIN to find
the total number of grid blocks required for the source Icg.
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3.2.22 PRP(D,B,V,VP,DL,N,T1,T2)

Called From Calls
SETDIS -----

Function PRP solves the inteBrals that are needed by SETDIS to create the
discharge factc: array. The discharge factor arrny la needed by the
transport module to determine the discharge rates at the end of the
migration path. The variables contained in the argument list are found
in SETDIS and are used in the limits of integration.

3.2.23 PTHLEn

Called From Calls
NEF CHKPTil, TRACER

Subroutine PTHLEN is called from NEF and performs several tasks. First,

if the flow network is solved. PHTLEN calculates the volumetric flow
rates in each leg based on the pressures solved for in BSOLVE. At the
user's option, PTHLEN prints pressures and flowrates of each leg in the
network. Next, for the transport calculations, PTHLEN determines the
pore fluid velocities for each-leg in the migration path. PTilLEN calls
CHKPTil to ensure that the pore velocities are consistent with the migra-
tion path (i.e., checks flow direction). For the averaged-leg DVM trans-
port calculations, PTHLEN calculates the total path length from the
source boundary to the discharge point. If the user opts, PTHLEN prints
out path / velocity information after calling TRACER to find the nominal
travell time, _ for steady-state velocities, or the ma*tmum distance the
fluid travels for time-dependent velocity fields.

3.2.24 RATIO (DJ,DI,TIHE, RAT)

Called From Calls
ET, SETDIS --- -

RATIO is called from ET when the Taylor series approximation for finding _
the Bateman decay / production factors will require too much execution time
to ' converge and is called from SETDIS to treat two member production

.

subchains. Ratio evaluates terms of the form

.At -At
i

RATIO
* , }* 3 (3.1),

where A is the -half-life of isotope 1 (DI), 1 the half-life of isotopet 3
j (DJ), and t the time the decay / production factor is being found.

RATIO chrcks for extremes in half life time products and for the small-
ness of differences in half-life values.

3.2.25 SETDIS

Called From Calls
SETUP ET, PRP, RATIO

1
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,

Subroutine ' SETDIS is - called from SETUP to create the discharge factor ,

array. SETDIS finds this array by treating atoms that survive decay to
discharge and by treating production subchains at discharge. To find
atoms that survive decay to discharge, SETDIS calls ET to find the appro-
priate decay / production factors, To treat production subchains, an ana-
lytical treatment is used for two member subchains. For this analytical
treatment, SETDIS calls RATIO to find production / decay factors. For
subchains having more than two members. SETDIS uses a velocity approxima- !

tion scheme to treat subchains. To implement this approximation, inte-
'grals have to be evaluated and SETDIS calls PRP to evaluate the

appropriate integrals. At the user's option, SETDIS prints out the
discharge factor array to the appropriate output file (unit 6).

3.2.26 SETUP

Called " rom Calls
,

METHOD BRANCH, FACER, MXCLL, SETDIS
TIMER

SETUP is called from MET 110D to establish the source, transport, and dis-
charge fractions for the DVM transport model. Specifically, SETUP
performs the following functions:

1. Calls BRANCH to establish subchains for transport and find
decay / production factors for the transport time step.

2. Distributes isotopic velocities normally with intervals of equal
probability for each species in each leg.

3. Finds subchain velocities for transport by calling TIMER to find ,

the mean time spent as each isotope for each subchain. This is
only done when the number of isotopes input is greater than one.

4. Prints the velocity and decay / production information to the output
file (unit 6) if the user has requested this in the input.

5. Determines the transport fractions by finding the pointer array
(JV) which points to contributor blocks, the multiplier. array (B)
which is used to transport the material and the number array (N)
which contains . the maximum entries of the pointer array. If the
user opts in the input, the multiplier array and the pointer array
will be printed to the output file (unit.6):.

6. Finds arithmetica11y averaged subchain velocities to be used in
the mixing cell source model and discharge model.

.

7. If the mixing-cell source model has been used, SETUP calls MXCLL
to find.the source factor array. MXCLL returns KBMAX, which is
the number of source blocks needed if the mixing-cell source
modelis used.

8 If the mixing-cell source model has been used, METil0D finds the
total number of grid blocks nceded based on KBMAX, and checks this
total against the dimensions. If dimensions are exceeded but a-
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statistical run is not being conducted, the program is stopped.
If a statistical run is being conducted, KBMAX is reduced
according to the dimensions and a warning is printed to the output
file,

9. If the leg to leg transfer algorithm is to be used, SETUP calls
FACER to find the transport fractions at the leg interfaces.

10. If the user has requested on input, the DVM time and space
increments, the total number of grid blocks and the total number
of catcher blocks, and the source type are printed to the hardcopy
output file (unit 6),

11. Calls SETDIS to find the discharge fractions for the discharge
model used in the DVM transport calculations.

3.2.27 SIFT (NSORT, TSCL)

Called From Calls 2

WORK -- -

If the user requests, discharge rates for all isotopes in each chain are
placed on the same time scale in WORK. WORK calls subroutine SIET to
sort the times into ascending order.

3.2.28 SOURCE (IPASS, JTRIAL)

Called From Calls

NEF BRANCH, CHAIN, DTUPDT, LECHMOD

Subroutine SOURCE implements the source model contained in NETTRAN 11 by
performing the following functions:

1. Calls BRANCH to update the vaste inventory to the release time and
prints release time inventory if the user has requested this on
input. If the analytical transport model is being utilized, this
is the only function performed by SOURCE.

2. Initializes the binary file (TAPE 24, unit 24) of source rates that
will be used by the DVM transport model.

3. If the time-dependent velocity capability of NEFTRAN II is being
utilized, SOURCE intitalizes the relevant variables for inter-
polating the time varyir.g flowrate through the source regime.

4 Calls DTUPDT to find tb sourc" 'tre step (if the user has not
input one) and to age 6he inven a f by the initial source time
step.

5. If leaching is not included in the source model, depending on user
input, SOURCE puts all the initial inventory into the leached-but-
undissolved inventory. If leaching is included in the source
model, SOURCE calls LECHMOD to account for leaching between the
leuch time (inverse of the input leach rate) and the release time.
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6, Sets up the mixing-cell ratios to be uaed to determine source
rates, if the source is being modeled as a mixing cell, and
updates these ratios to the midpoint of the source time step for
reporting.

7. If the source is a mixing cell and some leaching has occurred up
to release time, SOURCE initializes the midng cell esneentrations
based on the leached-but undissolved inventery.

8. If the source is solubility limited, tnen SOURCE updates the
mixing-cell concentrations based on solubility liinits applied to
the undissolved inventory. SOURCE subtracts the dissolved amount
f rorn the undissolved inventory.

9. Loops over source time steps. Subsequent steps are executed for
each time increment.

10. Calls LECilMOD , if leach 11rnited source, to determine the amount
leached over the time increment. This amount is added to the
undissolved inventory.

11, If the source is a flow through source and is only leach liinited,
then SOURCE determines the source rate based on the amount leached
during the time increment and the undissolved inventory. If the
source is a mixing cell source ar.1 is only leach-limited then
SOURCE determines the source rate based on the amount leached, the
mixing-cell ratios, and the flow rate through the source.

12. Finds total flow over the time increment by interpolating, if
t i tee - de pe nde n t flow rate through the source regime are being used.

13. Finds total amount dissolved based on solubility l iini t s and the
flow rate through the source and compares this amount to the
current amount available in the undissolved inventory. The
inventory dissolved is the minimutn of these two amounts.
Subtracts the dissolved amount from the undissolved inventory for
the next time step,

14. Writes the source rates to the binary file (TAP 24, unit 24) to be
used by the DVM transport model and also to the approne! ate output
file (unit 25) if the user has opted for this on inpu'

15. Ages inventory by the source time step for the next time step.

3.2.29 S RC I N ( T . SR1, SR2 , TS 1, TS 2 , N1, N2 , NTOTX , S 24 , I EOF) |

Called from Calls
TRNSPT ---.-

SRCIN is called from TRNSPT to get the source rate over the transport
time step and place it into the appropriate blocks in the first leg of
the migration path (the source leg). SRCIN finds the total source per
isotope for each transport time increment by interpolating the rates from
the binary source rate file * *1tten by SOURCE (TAPE 24, unit 24). This is
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necessary since the source and transport models are run independently and
will not necessarily have the same time step. The variables listed in
the argument list are used for the interpolation.

For the flow-through source model. SRCIN sums the atoms that are
currently in the source blocks, adds the source rate found for the time
step increment, and uniformly distributes the total amount into the
source blocks. Also for each time increment, SRCIN sums the atoms that
are in the source leg; catcher blocks, adds this sum to the total sum that
is to be distributed uniformly, and sets atoms in the catcher blocks to
zero. For the mixing-cell source, the source is distributed into grid
blocks in the migration path according to the source factor array found
in MXCLL.

3.2.30 STOPPER (ISTOP)

Called From Calls
FLOWIN, GETRV --

STOPPER is call-d by FLOWIN and GETRV to check input data for consis-
tency. STOPPER detects both fatal and non fatal input errors and writes
eithcr stop messages or warning messages. NEFTRAN II, unlike its prede-

- cessors, does not use numbered stop statements, but a descriptive reason
for program termination is provided on both the terminal screen and the
hardcopy output file. ISTOP is a flag that indicates which parameter set
is being checked. The only data set that currently is not checked by
STOPPER is the increment determination parameters.

3.2.31 TIMER (KNT)

Called From Calls
SETUP TSPFAC

TIMER is called by SETUP to find the mean time spent. during a time step
as each isotope for each subchain (see Section 2.4.6). SETUP uses this
information to find the subchain velocities needed for the DVM transport

model. For a chain of five members or less, SRCIN does the calculation

directly by calling TSPFAC. For chains of more than five members, TIMER

estimates the time using an approximation scheme. If requested - by the,

'

user in the input, TIMER prints the fractions -of DT spent as each
isotope,

,

1

3,2,32 TPPRT(TM, TSET)

Called From Calls

BAND, METHOD, TRNSPT ---

TPPRT prints the discharge curves determined from the transport simula-
tions to the hardcopy output file at a time frequency of IFREQ (input
parameter), depending on a user input option. If the user also opts for

the discharges rates only to be written to a file (unit 30), then TPPRT
writes the discharge curves to temporary local files (unit 15 - 20, one
file for each chain in the simulation), where the unit number is a
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function of the chain index. These local files are then used by VORK to
write the final discharge rate file.

TPPRT is called from BAND every time step increment to print discharge
curve points found using the analytical transport model.- When called -

from TRNSPT every time increment, TPPRT prints discharge curvo points
found using the DVM transport model. In METHOD, i f no discharge is
detected during a simulation time for the analytical solution, TPPRT is
called to print zero discharge points at the release time and the simula-
tion time. /PRT is also called from METHOD for the analytical transport
solution, to append zeroes to the output files (unit 6 and/or unit 30),
when TEND is less than the simulation time.

TPPRT converts the output from the transport models from atoms /yr to
Ci/yr, where less than one atom /yr is considered exact zero. TPPRT also
finds the time of the initial breakthrough, the total discharge and the
peak discharge rate and time of occurrence for each isotope. In the
argument list, TM is the time at which the discharge rate for each
isotope is printed. -TSET is a variable that is used to make the times at

-

discharge is written consistent with the time source is assumed to be-
available for transport.

3.2.33 TRACER (K, TI', PDIS)

Called From Calls
CHAIN, PTHLEN ----

TRACER is called from PTHLEN (K-0) to find the mean fluid travel time
(TT) for steady-state velocity fields, and for time dependent velocity
fields, TRACER finds the maximum fluid travel distance (PDIS). When
called from CHAIN, TRACER finds the mean isotopic travel time
(K - isotope index).i_

3.2.34 TRNSPT(T, TSET, NTP, NPT, KALL)

Called From Calls
METHOD SRCIN TPPRT, XCHNG

TRNSPT is the DVM transport routine that performs the necessary multipli-
cations to transport material over grid blocks for each time increment.
TRNSPT accomplishes interior leg transport, leg-to-leg transport, and
discharge by _ using multipliers developed in SETUP. TRNSPT loops over
time from the time of source release to the upper time bound specified by
the user. If time dependent velocities are used, TRNSPT loops over time
within each time interval. Within the time loop. TRNSPT performs . the
following functions:

1. Calls SCRCIN to inj ec t the source into the appropriate grid
blocks.

2. Calls TPPRT to write the discharge information to the appropriate
output files.
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3. Calla XCHNG to simulato diffusion to end from ths rock metrix, if
the matrix _ diffusion model is being implemented.

4. Suma the atoms that are currently in the catcher blocks for each
leg in the migration path, puts the sum into the first grid block
of that leg, and sets the atoms contained in the catcher blocks to
zero.

After transport is complete. TRNSPT rewinds the source rate file (unit
24) and prints the atom count summary to the output file (unit 6) if the
user has opted for this to be printed in the input options.

3.2.35 TSPFAC(DT, D, B, LT, TDP)

Called From Calls
TIMER - --

Function TSPFAC is called from TIMER to estimate the mean time a particle
spends as each isotope over a time step for chains of five members or
less. TSPFAC uses a Taylor series to calculate the Bateman coefficients
that are needed to estimate this mean time.

3.2.36 WORK (IPASS, JTRIAL)

Called From Calla
NEF SIFT

WORK is called from NEF after the transport simulation has been completed
and performs several different functions. Initially, WORK condenses the
temporary output arrays to account for non-transported decay chains,
computes the weighted integrated discharges for each isotope, and prints
an optional discharge summary for all of the isotopes to the hardcopy

,

output file (unit 6) if the user requests this on input.

The remaining function of VORK is to write discharge rates to the dis-
charge rate file (unit 30) based on the temporary files (unit 15 - 19,
one file for each chain being transported) written by TPPRT, if the user
has requested this output file to be written in the input options. The
user may also request on input for all the isotope discharge rates to be
written to the discharge file on the same time scale. Different time
scz.les may arise because different DVM transport time steps are allowed
for each different radioactive decay chain. To put all of the rates on
the same time scale, WORK develops a general time scale based on the
first minimum breakthrough time for all the isotopes and the simulation
time. ' WORK appends the peak times and the simulation time to this
general time scale and calls SIFT to sort the times into ascending order.
WORK consolidates the sequence by accounting for ties and _ eliminates
times exceeding the problem simulation time. WORK linearly interpolates
times and the logarithm of the discharge rates from the temporary dis-
charge files to find the discharge rates at the general time scale times.
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3.2.37 XCHNG

Called from Calls
TRNSPT --

XCHNC is called from the DVM t ransport model routine, TRSNPT, to imple-
ment the tnatrix dif fusion model contained in NEITRAN 11, if the user has
designated a leg as a dual porosity ler,. Subroutine XCHNG is called at
the end of each time step by TRNSPT t update the concentrations because
of exchange with the matrix (i.e., i nanobile phase). The exchange is
accomplished with a simple, linear mass-transfer equation and the concen-
tration gradient is not allowed to change sign over a time step. XCHNG
updates the concentration in the matrix caused by decay and production
for the next time step.

3.3 Parameter Statements

The include file (SIZES.INC) required by NEFTRAN II stores the set of
PARAMETER statements that define the dimensions of the arrays used in the
code. If the user needs to change the dimensions of the crrays, only the
PARAMETER statements have to be changed in the include file. These
parameter statements are listed below along with definitions of each
dimension parameter used by NEFTRAN II.

PARAMETER (MXLEG-25, MXJCT-25, MXiJ-5, NULCD-5)
PARAMETER (MXMEM-10, MXCHNS-6, KXPTH-10, MXNVI-7)
PARAMETER (MXGRD-1000, NDDF-2500, NDSF-2500)
PARAMETER (NDJ PN-2000, NDBF-6000, MXELEM-30)
PARAMETER (MXTDV-20, MXQSC-100)
PARAMETER (MXISO-MXMEM*MXCHNS)
PARAMETER (MXSUB-(MXMEM*(KKMEM+1))/2)
PARAMETER (MXTSP=(MXMEM*(MXMDl+1)*(MXMEM+ 2))/6-MXMEM)
PARAMETER (MBDIM-MXSUB MXMUi+1)
PARAMETER (IBFDM-(MBDIM 1)*(MXPTH-1)*2)

t
MXLEC - The maximum number of legs for the flow network
MXJCT - The taaximum number of junctions for the flow network
MXIJ - The maximum number of legs entering or exiting any junction
NULCD - The maximum absolute dif ference between connected junction

numbers (Does not apply to junctions with known pressures)
MXMEM - The maximum number of isotopes per decay chain
MXCHNS - The maximum number of decay chains
MXPTH - The maximum number of legs in the migration path
MXNVI - The maximum number of intervals for velocity distribution
MXGRD - The maximum number of grid blocks
NDDF - The maximum dimension of the discharge-factor array
NDSF - The maxitaum dimension of the cource-distribution array
NDJ PN The maximum dimension of the leg transfer pointer array-

NDBF - The tuaximum dimension of the leg transfer fractions array
MXELEM - The maxistum number of elements
MXTDV - The maximum number of titre frames allowed to simulate time.

dependent velocity fields
MXQSC - The maximum number of tirnes allowed to simulate time-

dependent flow through the source regime
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The remaining PARAMETERS are functions of the above list and are defined
as:

MXISC - Gie, maximum total number of isotopes
The maximum number of production subchains per chainMXSUB -

The-maximum dimension of the averaSe time spent arrayMXTSP- -

Tne maximum number of subchains of length > 1MBDIM -

The maximum row dimension of the adjustment arraysIBFDM -

3.4 Common Blocks

All common blocks in NEFTRAN 11 are labeled and contain most of the
arrays that are used by the code. In addition, there are a few arrays
specific to certain subroutines. The following lists each common block
statement along with a brief description of the labeled common block, and
the arrays and parameters - contained in the block. This listing is in
alphabetical order according to-common block label name.;

COMMON / BFIX-/ MBFX(MBDIM) IBFX(IBFDM,2), ABFX(IBFDM,2)

This block is only used if the leg to-leg transfer algorithm is invoked.
In that case, negative velocities can cause double counting of some
particles. This is ccrrected by applying the correction fractions stored
here. All fractions are calculated in subroutine ADJB and are applied in

subroutine TRNSPT. The name BFIX arises from the notion that the atoms /
block calculated by the B ARRAY are being fixed,

'MBFX - MBFX(1) points to adjustment-fraction block numbers in the IBFX
array for production subchain I. It is set in FACER and used in
TRNSPT. . In particular, contributor and receiver block indices
that require correction for production subchain I are stored from
IBFX(MBFX(I)+1,*) to IBFX(MBFX(1+1),*).

IBFX - Column 1. is a contributor block and 2 is 'a receiver block index
that require correction for each production subchain. It is found
in ADJB,' printed in FACER, and used in TRNSPT. !

ABFX - As part-of calculating transport, TRNSPT applies the correction
fraction -in column 1 of ABFX to the ' contents of block IBFX(,1)

- and. adds the product- to block ABS (IBFX(,2)) . If ~IBFX(,2) > 0,

TRNSPT applies column 2 : to the contents of IBFX(,1) and adds the
product to block IBFX(,2) + 'l. ABFX is found in ADJB and is
printed-in FACER.

COMMON /-DENSER / PEAK (MXISO), TIMPX(MXISO), TOTD(MXISO),
-1 TIMBRK(MXISO), DWT(MXISO). VDIS(MXISO), WDISUM, NONZ

The.name DENSER arises from the original intent of these arrays, to be
used - in condensing discharge rates in NEFTRAN _(for a description see
Longsine and others , 1987). In NEFTRAN II, condensing discharge rates
has been replaced by the capability to place discharge rates from differ-
ent chains on the same time gridding.
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Peak discharge rates for each isotope- (C1/y), initialized inPEAK -

NEF, found in TPPRT, used and printed in WORK.
Time of occurrence of the peak discharge rate (y), initializedTIMPK -

in NEF, found in TPPRT, used and printed in WORK.
Total dischargo for each isotope (C1), initialized in NEF,TOTD -

found in TPPRT, used and printed.in WORK.
TIMBRK - Time of first nonzero discharge rate for each isotope (y),

initialized in NEF, found in TPPRT, used in WORK.
Total discharge weighting factor for each isotope (/C1), readDWT -

in FLOWIN, printed in INPRIN, and applied in VORK.
Normalized total discharge for each isotope, found and printedWDIS -

in WORK.
WDISUM - Sum over all normalized discharges, found and printed in WORK.

Number of. isotopes having nonzero discharge, initialized inNONZ -

NEF, found in TPPRT, used in WORK.

COMMON / FLOW / C(MXJCT), AW(MXJCT,2*NULCD+1),
1 JL(MXJCT,MXiJ), IJ(MXLEC,2), JEQ(KXJCT),1B(RXJCT),
2 BCJ (MXJCT) , NW, NL, NU, NB

This COMMON block contains information to set up and solve the flow
network. The solution is cast as the matrix equation Ax - b. In the
notation below, matrix A it called AW _and both the constant (b) and
solution (x) vectors are stored in array C. ,

C - In CUEFF, C is the constant vector containing the appropriate
transmissibility pressure products. In BSOLVE, C is converted
to the calculated pressures, which are substituted into the
pressure array, P of COMM0W JUNCT, by NEF.

AW Banded matrix of transmissibilities, developed in COEFF ard-

used in BSOLVE. Note that the bands are stored in rectangular
form with'each co-diagonal as a column.

JL Legs connected to each junction, used to set off diagonal-

entries in array AV by COEFF. Legs whose flow direction is

| into the junction are labeled negatively and outflow legs are
| positive.

LJ Junctions terminating each leg, read in FLOWIN, printed in-

INPRIN, used in COEFF, PTHLEN, and CHKPTH to develop the JL
- array and to reference junction _ properties.
For each junction, stores its associated. row index in theJEQ -

matrix equation (if the junction has unknown pressure) or zero
(if the junction has known pressure) in COEFF. In NEFMAIN, JEQ
is_used to repince the solved pressures of vector C into vector
P of COMMON JUNCT. Note also that this array is temporarily
used in FLOWIN, STOPPER, and INFRIN to store and print junction
pressure-boundary flags.
Junction numbers having user specified pressures, developed inIB -

FIDWIN and used in COEFF.
Known pressures for the junctions stored ~ in array IB (1b/f t ),2BCJ -

developed in FLOWIN and used in COEFF.
TNW Number of rows of natrix AW and vector C, determined in COEFF-

and used in BSOLVE.
NL - Number of lower codiagonals of matrix AW, determined in COEFF

and used in BSOLVE.
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Number of upper codiagonals of instrix AV, determined in COEFF.NU -

Number of junctions with user specified pressures, developed inNB -

FLOWIN and used in COEFF and NEF.

COMMON / INAME / ISONAM(MXMFM), NAMALL(MXISO)
CHARACTER *6 ISONAM, NAMALL

Isotope names are stored in the arrays of this common block. Each occur-
rence of this block is accompanied by the CHARACTER declaration shown.
As evident from the CHARACTER declaration, isotope names can be no more
than 6 characters.

ISONAM - Isotope names for the chain being transpotted, set in CHAIN ,
from the NAMALL array and used for printing in subroutines
BAND SETUP, and TRNSPT.

,

NAMALL - Isotope names for all isotopes, read in-FLOWIN, used in CHAIN,
and used for printing in INPRIN, SOURCE, and WORK.

COMMON / ISOTOP / CUROUT(MXHEM), LAMBDA (MXMEM) THALF(MXMEM),
1 VELISO(MXPTH,MXMEM), C12ATH(MXMEM), IFR(MXMEM), BRFR(MXMDI),
2 NOISO, HLFALL(MXISO), IJtTX(MXISO), CURALL(MXISO),
3 IPRALL(MXISO,2), FPRALL(MXISO,2), TRAVT(MXISO), NI(MXCHNS),
4 INCHN(MXCHNS), NCHNS, NTOT, MFNDX, ICH

This common contains infortnation for all isotopes (dimensioned by MXISO)
in all chains (dimensioned by MXCilNS) and has arrays designated for
storing data for the current chain being transported (dimensioned by
MXMEM). On input, all deca," chain data are read, but following the
printing of these data in INPRIN, F14 WIN compacts all arrays dimensioned
by MXISO and MXCHNS to include only those chains marked for inclusion in
source calculations. The descriptions that follow are pertinent for both
data input (through printing) and compacted arrays (for subsequent use).
Each occurrence of this common block is accompanied by type statement
that declares variable 1AMBDA as DOUBLE PRECISION,

CUROUT - Discharge rates for each isotope of the chain being transported
at the current time (C1/y), initialized _ to zero in METHOD,
calculated for each time step in BAND and TRNSPT in atoms /y,
and converted and printed in TPPRT.

LAMBDA - Decay constants for each isotope of the chain being transported
(1/y), set to in(2)/THALF in CHAIN, used in , BRANCH, . DTUPDT,
SETDIS, MXCLL, TIMER, and BAND. Several other routines use the
values in' LAMBDA, but the values are passed to these routines
via the calling sequence, usually in array D (which is also
declared as DOUBLE PRECISION).
Half lives for each isotope of the chain being transported (y),THALF -

set from the-HLFALL array in subroutine CHAIN and used in CHAIN
and-DXDT.

VELISO - Retarded velocities in each migration path leg for each isotope
of the chain being transported (ft/y), found and stored in
TRACER for steady state flow runs. For time-dependent flow

D
runs, VEL 150 is over-written for each time interval in TRACER.

For each time interval, including a steady-state frame, TRACER
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providas VELISO to DXDT to find sp cc/tico gridding for the
time frame, In MET!10D, either the steady sthee VELISO is used
cr- VELISO is re computed for each time frame, In either case,
VELISO is then used in BAND and SETUP,

CI2ATM - Factors used to convert Curies to atoms for each isotopa of the
chain being transported (atoms /Ci), calculated in CHAIN as
1.6834x1018 x TRALF and used in BAND and TPPRT. This conver-
aion also occurs in the SOURCE routine, although CI2ATM is not
explicitly used there.

IFR A daughter indicator for each isotope of the chain being-

transported, developed in DTUPDT and over written then re-
developed in CHAIN for use in BRANCH, SETDIS, MXCLL, and TIMER.
For each isotope I, IFR(I) 0 unless isotope I splits its-

decay to two daughters , in which case IFR(I) is the index of
the first daughter encountered.

BRFR A branching ' fraction for each isotope of the chain being-

transported, developed in DTUPDT and over written then re-
developed in CHAIN for use in BRANCH, SETDIS, MXCLL, and TIMER.
BRFR(I) - 0, unless IFR(1) * 0, in which case BRFR(I) is the
branching fraction from parent I to daughter IFR(I). Note that

y the fractions in BRFR are subtracted from one and sent via
| calling sequence to several supporting routines, usually in
| array BFR.

NOISO Number of isotopes in the chain being transported, used av a-

local variable and over written in STOPPER, SOURCE, and DTUPDT,
and set for decay chain transport in CHAIN from the NI arrcy.
The value set in CHAIN is used in DXDT, BRANCH, SETUP, SETDIS,
FACER, MXCLL, TIMER, METHOD, BAND, TPPRT, TRNSPT, SRCIN, and
,XCHNG.

HLFALL - Half-lives for all isotopes (y), read in FLOWIN, checked in
STOPPER, printed in INPRIN, and used in SOURCE, CHAIN, and
DTUPDT.

LMTX Element index for all isotopes, read in FLOWIN, checked in-

STOPPER, pr!nted in INPRIN, and used in SOURCE and CHAIN to
assign solubilities and retard.itions, respectively.

-CURALL f Initial inventories for all isotopes (C1), read in FIDWIN ,
checked in STOPPER, printed in INPRIN, and used in SOURCE.

IPRALL - Parent identifiers for all isotopes, read in FLOWIN, checked in
STOPPER, printed in INPRIN, and used in CHAIN, BRANCH, and
DTUPDT.

FPRALL - Branching fractions for all isotopes, read in FLOWIN, checked
in STOPPER, printed in INPRIN, and used in CHAIN and DTUPDT.

_

TRAVT--.- Mean travel time for all isotopes (y), set in CHAIN by calling
TRACER and used in DTUPDT and DXDT. There are two cases where -

TRAVT is at to an arbitrarily large number for an isotope by -
CHAIN - (1) if the isotope is in a decay chain that is included
in source calculations but not transported and (2) _ if, for a

_

time-dependent velocity run, the isttope cannot reach the dis-
charge point in the total time simulaud.

NI Number of isotopes per chain, read in FLOWIN, checked in-

STOPPER,-anu used in SOURCE, CHAIN, DTUPDT, TRNSPT, WORK, and
INPRIN.
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Inclusion flag for each chain, read in FLOWIN, checked inINCHN -

STOPPER, printed in INPRIN, and used in NEF, SOURCE, CHAIN,
TRNSPT, and WORK. On input, each entry can be 0, 1, or 2.
However, as stated above, all information for chains not
included (2) is . discarded, and the only values of INCHN then
possible are 0 (source and transport) or 1 (source only).
Number of chains for source calculations, calculated in FLOWIN,NCHNS -

checked in STOPPER, and used in NEF, SOURCE, DTUPDT, and WORK.
NTOT Total number of isotopes for source calculations, calculated in-

FLOWIN and used in SOURCE, DTUPDT, and WORK,
MFNDX Cumulative number of-isotopes to the end of the previous chain,-

calculated and over wrftten in SOURCE, DTUPD'r, and WORK and
determined for transpo;t of_each chain in CHAIN. The latter
value is then used te; reference arrays in BRANCH, DXDT, and
TPPRT.

ICH Index of the chain 'oeing transported, set and over written in-

SOURCE, DTUPDT, and WORK and set for transport of each chain in
NEFMAIN. The latter value is then used to reference arrays and
disc file unit numbers in CHAIN, METHOD, TPPRT, and TRNSPT,

COMMON / JUNCT / P(MXJCT), EL(MXJCT)

This block contains all junction properties, with the exception of the
boundary conditions found in COMMON FLOW (IB, BCJ , and NB) .

P - Pressures at all junctions (1b/f t ). In FLOWIN, P is used to3

temporarily store the user-specified boundary pressures (in psi
units) and is zeroed out after being used to print the input
pressures in INPRIN. In COEFF, the boundary pressures (con-
verted from psi to -lb/f ta in FWWIN and stored in array BCJ,
see COMMON FLOW) are placed into the appropriate locations in
the P array. In NEFMAIN, the calculated pressures (see array
C, COMMON FLOW) are slotted into the remaining locations,
Subroutine PTHLEN .uses the pressures in P to calculate flow
rates for each leg and optionally prints P in input units, psi,

EL - Elevations for each junction (ft), read in FLOWIN, printed in
INFRIN, and used in COEFF and PTHLEN,

COMMON / LEGS / AREA (MXLEC), BC(MXLEG), COND(MXLEC), Q(MXLEC),
1 FDENS(MXLEG), PATH (MXLEG), TH(MXLEG)

The leg properties stored here relate to the flow network, s.o each array
is dimensioned to the maximum number of network legs, as opposed to leg
properties specific to the migration path which are stored - in COMMON
MISC, discussed below. If the flow network is not solved, the only array
used from this block is the leg-lengths array, PATH,

2Cross-sectional area perpendicular to flow for each leg (f t ),AREA -

read in FMWIN, checked in STOPPER, printed in INPRIN, and used
in COEFF and PTHLEN.
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l BC - Relative brine concentration for each leg (dimensionless
between 0 and 1), read in F1hWIN, checked in STOPPER, printed
in INPRIN, and used in COEFF.
!!ydraulic conductivity for each leg (f t/y), read in FIDWIN inCOND -

units ft/ day, printed in INPRIN, and then converted in FIDWIN
to ft/y for use in COEFF.
Volumetric fluid flow rate through each leg (f t /y), calculated3Q -

in PTilLEN and checked in CHKPTH. Note, if velocities 9re input
directly, Q is equated to velocity in each leg prior to the
call to CHKPTil for checking flow directions.

3Fluid density of each leg (Ib/f t ), calculated in COEFF andFDENS -

used in PTHLEN.
PATH - Length cf each leg (ft), read in FIDWIN, checked in STOPPER,

printed in INPRIN, and used in COEFF, PTHLEN, TRACER, CHAIN,
SETUP, FACER, and DXDT.

TH - Transmissibility for each leg (mixed units), calculated and
used in COEFF and used again in PTHLEN.

COMMON / MISC / ALPHA (MXPTil), PHI (MXPTH), PORE (MXPTil), DXDTPA(9),
1 DTCHN(MXCllNS), DT, Y, MPATil(MXPTH), LCH MXC , LTOLX , IXCHC,
2 NEIM, NLEG, NJCT, NPATH

As the name Miscellaneous suggests, this is somewhat of a catchall common
block. Migration path properties and the time step are the m)st often
used variables listed here.

Disperbivities for each leg in the migration path (ft), read inALPHA -

FLOWIN, checked in STOPPER, printed in INFRIN. and used in
DXDT, BAND, and SETUP. For the analytical solution transport
model and for path-averaged DVM transport using leg averaged
velocities, only one value of dispersivity is used. It is
taken to be the first value of the array, ALPilA(1) .

PHI - Mobile phase porosity for each leg in the migration path, read
in FIDWIN, checked in STOPPER, printed in INPRIN, and used in
PTHLEN to convert steady-state Darcy flux to pore velocity and
in XCHNC to compute mobile phase concentrations.

PORE - Steady stato pore velocity for each leg in the migration path
(ft/y), read in FLOWIN and, if the flow network is solved,
over-written in PTHLEN. PORE is checked in STOPPER, printed in
INPRIN, and used in TRACER and CHAIN.

DXDTPA - Incremont-determination parameters for the DVM transport model,
read or defaulted in FLOWIN and used in DXDT.
DTCIIN(I) is the user-specified time step for the transport ofDTCHN -

decay chain I, read in FIDVIN, printed in INFRIN, and used in
CHAIN. If input as zero, DXDT determines a time step for that
chain. Note that for time dependent velocity runs, the user-
specified value may be modified so tha:. there is an integer
number of time steps for each time interval.

DT - Current time step for source or transport (y). If provided by
the user, DT for source is eq'tated to DTSRC in DTUPDT. DT for
the DVM transport model is equated to DTCHN(1), for each chain
I, in CHAIN and DT is calculated in METHOD if the analytical
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solution transport model is chosen. Since the tims htsp f or
transport can change for the time intarycis specified by time-
dependent "elocity data, accepted values of DT for each time
frame (deteteined in DXDT) are stored in the TDDT stray of
COMMO.N VELFLD, for retrieval by routine METHOD. The source DT
is used by SOURCE, BRANCH, and DTUPDT.. The transport DT is
used by CHAIN, DXDT, SETUP, BRANCH. TIM ER , MXCLL, SETLIS,
METil0D, BAND, TPPRT, TRNSPT, SRCIN, and EllNC. There is one
other use for DT. DT is temporarily set to release time
(TRLSE, see COMMON OUTVC) by subroutine SOURCE prior to calling
BRANCH, in order to update the inventories to TRLSE.

Y - Distance from the leading edge of the source regime to the
discha*ge boundary (ft), computed by adding leg lengths in
PTHLEN. Y is reported in PTHLEN and used in TRACEk, CFAIN,
DXDT, SETUP, METHOD, and BAND.

MPATH Migration path leg indices, read in F1hWIN, checked in STOPPER,-

printed in INPRIN, and used in PTHLEN, CHKPTH, TRACER, CiiAIN,
DXDT, SETUP, and FACER.

LCH Souren model flag: (0) leaching only, (1) solubilities only, or-

(2) both are considered in finding source rates. Set in
STOPPER to option 19 and used in FIDWIN and DTUPDT.

MXC - Source model flag: (0) 11uld flow-through, (1) tiuid dilution
as modeled by a mixing cell, or (2) let code choose between 0
and 1 to distribute source rates into transport path. Set in
STOPPER to option 20 :..J used in FLOVIN.

LTOLX - A DVM transport flag; (0) leg averaged velocities at (1) the
leg-to-leg transfer algorithm vill be used to transport radio-
nuclides. LTOLX is set in FLOWIN to option 22, but may be

,

over written if option 22 is zero and matrix diffusico is to Le i

modeled or time-dependent flow fields are input. LTOLX is used
in CllAIN, DXDT, SETUP, METHOD, and TRNSPT.

IXCHG - A DVM transport flag; (0) no matrix diffusion or (1) yes matrix
diffusion will be included for tcansport. IXCllG is set in
FLOWIN af ter reading the migration path properties, in parci,
cular, the leg dependent diffusion flags. IXCHG is used in
STOPPER and TRNSPT.

NLEG - Number of legs in the flow network, rear! in FLOWIN, checked in
STOPPER, printed in INPRIN, and used it, COEFF and PTHLEN. '

NJCT - Number of j unc tions in the flow network, read in FLOWJN,
checked in STOPPER, printed in INPRIN, and used in NEF, C0FFF,
and PTilLEN.

NPATH Number of legs in the migration path, read in FWWIN, checked-

in STOPPER, printed in INPRIN, and used in PTHLEN. CilKPTH,
TRACER, CHAIN, DXDT, SETUP, SETPIS, METHOD, and XC"NG,

COMMCN/ OPTION / 10PT(38)

The inteat of individual options is described in Section 4.3.1, so only
the definition and use of the entire array is mentioned here.

IOPT - Options, read in FIDWIN, checked in STOPPER, printed in INPRIN,
and used in NEFMAIN, FLOWIN, STOPPER, INPRIN, COEFF, PTHLEN,
TRACER, SOURCE, CHAIN, DTUPDT, DXDT, SETUP, TIMER, FACER,
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'

I

- . I
'MXCLL, SETDIS, METHOD, BAND, GIT, TPPRT, TRNSPT, WORK, and,

CETRV.;

&

COMMON / OUTVC / TUB, TRI.SE, TLCll, SUMIN(MXMEM) SUMOUT(R7.MEM),,

1 IC0t'NT, IFREQ, QDAREA, QDIS
,

L This common block (OUTVC) contains sone output controls and surnmary
information.'

Problem simulation t-Ime (y), tend in FIEWIN, printed in INPRIN,. TUB -

and used~1n NEFMAltl, PTH1.EN , TRACER, SOURCE- CllAIN, UTUPDT,
METii0D, TPFRT, rind WORK.
Time'of initial radinnuclide fluid certact (y), read in FIDWIN,TRLSE -

,

'checked in STOPPER, printed in INVRIN, and used in PTRL3N,
TRACER, SOURCE, CtlAIN, DTUPDT, DXDT, METil0D, TPPRT, 'tRNSP7, and
SRCIN.
Time of onset of Teachint, (y), rnad in FLOWIN, checked inTLCH -

STOPPER, printed in INPR3N, and used in SOURCE and LECHMOD.
Total amount input. as source for DVM transport for each isotopeSUMIN -

(atoms). zeroed out in METHOD, accumulated in SRCIN, and
Ireported in TRNSPT.

SUMOUT - -Total amount dischargeo frow DVM transport for each isotope
(atoms), zeroed cut in MET 110D, accumulated and reported kn
TRNSPT.i ,

ICOUNT - Time step counter for frequency of printing discharge rates tol.
.

hardcopy output file (unit 6), initialized in METil0D (for DVM)
and' BAND (for analytic solution) and used and reset in TPPRT.

1FREQ - Discharge rates -are printed to the hardcopy output filo
(unit 6) every IFREQ time steps. 1FREQ is set to'ths absoluto

j value . of option 10 in FLOWIN and is used ln HET1100, BAND, AND
| .

TPPRT.
| QDAREA - Product of cross sectional . crea perpendicular to flow and

porosity, at the discharge point (f tz), read in FI1)WI14, checked
in' STOPPER, , printed in INPRIN, and used to calculate QDIS,
below, in PTHLEN and METHOD.

QDIS Flowrate ' at discharEe -(f t /y), either set to _ the calculated3-

flowrate of the last leg in the migration path by PTilLEN or. if
~'

.

the network is not solved, is set to the product' of QDAREA and
the pore 1 velocity . of the last leg In the rigration . path- by
PTllLEN (steady state runs)- or METHOD (time-dependent flow
runs). -QDIS is used in TPPRT to convert radionuclide discharge
rates to concentrations.

COMMON / QSOURCE / TSRCE(MXQSC), QSRCE(ttXQSC)> NQSC

This common _ contains . Information to simulate a time varying flowrate
through _ the source regime. Thern can_be f1xed flow - (in whtch case - none
of the data here is required) or time-veryAng flow for sten 6y state runs.
However, runs using - time dependent velocitien automatically generate -
time varying source flowrates, if not input explicitly designated by the
user. ;

,
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TSRCE(I) is the time to whleh flowr. to QC 'd(l) applies (y),
_

TSRCE -

n ' O. either road in l'OWIN froT .n externa. file (see Section
s 3 .1 r set in F10 WIN 1 thi-- tie frames specified for ' '. .e S
tiu d,,endent velocities given in fDTM of COMMON VELFLD.
Tb LtE i s. becked in STOFFEL. , printed in INPRIN, and used in

'_ 'M ROC 4.no TraPDT.
; QWCF. - QWCE(1) it the flowrate through the source regime which

[ appite\ to One TSRCE(1) ( f t /y) , and is cicher road in F14 WIN3

L f rom an * ate nuil file or calculated in FIDWIN as the product of
the t1wn--dependent pore velocities given in the first column of

TDVEL of COMMON VELFLD and QSAREA of COMMON SOLIMT. QSRCE is
checked in STUPPER,_ printed in INPRIN, and used in SOURCE and,

-

D1TPDT.
Number of times specified for Jimulatitig time dependent flowNQSC - q

. d. rough the source regime, set in FLOWIN (upon encountering an .)'

eni of-file marker or set to MF 2 of COMMON VELFLD jf the ti.ne--

L
-

dejandent velocities were used) and used in INPRIN, SOURCE, and
DTUPDT.

-

;'g

COMMON / RETARD / AKI(KXPTH,MXELEM), AUM(MXPTH,MXE1.C4),
-- 1 WI(MXPTH,MXMEM) , RKIM(MXPTH ,MX'OM) i

L

4 The retardation fm t rs for both the mobile at i immobile phases are ^

'stored here by cleau and leg for all elements 89 by iso 6 %c and leg
$,fee the isow,,es of tb., chain being transported.,
>

Retardation factors in the moolle phase for each migratfor legAMI -

[ and each element, read in FLOWIN, checked in STOPPER, printed
,

L ' n IMPRIt', and used in CilAIN. I
Retardat.on factors in the immobile phase for each migration ''AKIM -

[ leg and each element, tend in FLOWIN, checked in STOPPER,
printed in INPRIN, and used iu CHAIN.
PetArdation facters ir the m #tte chase for each migration leg- RK1 -

. and en.:h isotope in the chain being trnnsparted, set in CHAIN
and used in CHAIN, tract'R, METHOD, and XCHNC.

R/IM - Retardatior. far'. ors in the inmobile phase for each migration

[ le a; t.nd each isotope in the chain belog, transported, set in
"

CHAIN and used in XCHNG.
-

-

OOMMON / SOL 1Mr / CSALL(ICGLEM), AMALL(MXISC), DTPAR(7), ACSSFR,
' 1 LLONLl, IDSRC , VOL, Q'1 AREA, QSC, IJ10 DEL, RLCil, SAL, DTSRC

_

L
. Most of the informat ton requited tor wurce calculations is included in

E this comnon block.

CSALL - Salubility lkit for en h element (g-element /g-fluid), read it:
FLOW I tl, checked in MT]PPE:t, printed in INPRIN, and used in
SOURCE.

AMALL At<>mic mast. for r acb isotope, read in FLOWIN, checked in
LTOPPER, printed it. RPF IN , and used in S011FCE.

r
__
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Source titee step determination parameters, read or def ault ed inDTPAR -

FIDWIN and used in brUPDT
ACSSFR - Fraction of the inventorier. input in CURALL of COMMON ISUTOP to

be used for source calculations, read in FLOWIN, checked in
STOPPER, printed in INPRIN, and used in SOURCE and BAND. ;

LtDNLY - Source control parameter which is assigned one of the first six
values of IDSRC (below) following the raixing cell fe iribility
check, set in DTUPDT and used in SOURCE, SETUP, and St.; m.
Source control parameter for leach / solubility and mixinh CelleIDSRC -

act to 3(MXC) 4 LEH (see COMMON MISC) by FLOVIN and used in
DTUPDT. !

Pore volume of the source re6 me for mixing cell calculations1VOL -

(f t ), read in FLOVIN, checked in STOPPER, printed in INPRIN,
,

8

and used in SOURCE and DTUPDT. |

QSAREA - Product of cross sectional area perpei.Jicular to flow and,

(f t ), read in FIDWIN, checked in8torosity of the source regime
STOPPER, printed in INPRIN, and used to calculate QSC, below,
in PTilLEN and to calculate QSRCE of COMMON QSOURCE in FLOWIN.
Fluid flow rate through the source regime (f t8/y). For steady.QSC -

,

istate source + flow runs QSC la set in PTilLEN to the calculated
flow rate of the first leg in the migration path (if ihe flow
network is solv 6d) or to the product of QSAREA and the pore
velocity of the 'trat leg in the migration path (if the ficw
network is not solved). For time dependent runs, QSC it. set to
the flow rate in QSRCE of COMMON QSOURCE that corresponds to '

the appropriate time 1.)t e rval . QSC is used in SOURCE and
*

DTUPDT.
IRODEL - A leech model flag; (0) constant leach rate or (1) exponential

leach rate is used in finding source rates. Set in STOPPER to
:option _21 and used in LECitMOD.

Leach rate for the specified leach model (1/y), read in FLOWIN,RLCil -

checked in STOPPER, printed in INFRIN, and used in DTUPDT, ,

LECitMOD, and BAND.
Fluid density in the source regirne (1b/f t ), read in FIDVIN,8SAL -

checked in STOPPER, and printed in INPRIN. If the flow network ,

is solved SAL is replaced in PTilLEN by the fluid density cal-
-culated for t.he first leg in the migration pat.h. SAL is used !

'
in SOURCE.
User specified time step - for source calculations :(y), read -inDTSRC -

FLOVIN, printed in INPh!N, and checked and used in DTUPDT. -If
specified as zero, DTUPDT determines the time step.

COMMON / VELFIP / TDTM(MXTDV), TDVEL(MXTDV MXPTH),
1 TDSAT(MXTDV.MXPTil), TDDT(MXTDV), MFL1, MFL2

Data to r,imulate time dependent velocity fields is included in this
common t'.ock.

TDTM ( !) - - i s the time to nich tha velocities TDVEL(1,MXPTil)TDTM -

apply (y), read _ in FIDWIN from an external file, checked in
STOPPER, and printed in INPRIN. TDTM is used_in FLOWIN to set
TSRCE of COMMON QSOURCE (if TSRCE is not specified). TDTM is

,
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c1so used in TRACER, CMAIN, and METil0D. For steady state runs.
TDTM(1) is o4t to TUB of C0dMON OUTVC by T1DVlN and only the
first entry it referenced.

TDVEL TDVEL(I ,J ) is the pore fluid velocity for the J"' leg in the
-

migration peth that applies to time TDTH(I) (ft/y), re ad in
FLOVIN from an external file, checked in STOPPER, and printed
in INPRIN. TDVEL(1,1) is used in PLOVIN with QSAREA of COMMON
SOLIMT to calculate QSRCE of COMMON QSOURCE, if QSRCE is not
specified. TDVEL is also used in PTHLEN, TRACER, CilAIN, and
METHOD. For steady state runs. TDVEL(1,J) is set to PORE (J) of
COMMON MISC by PTilLEN and only the first time entry is refer-
enced.

TDSAT TDSAT(1 J) is the saturation for the J"' leg in the migration
-

path that applies to time TDTH(I), read in FLOVIN f rors an
externa} file, checked in STOPPER, and pr.oted 'n I NI'R I N .
TD',AT is used in TRACER and METHOD. For steady state runs,
TDSAT(1,J) is set to one for all migration legs by PTHLEN and
only the first time entry 14 referenced.

TDDT TDDT(1) is the time step for the chain being transported for-

time frame 1 (y), set in CHAl'1 follow 4 the call to DXDT, and
retrieved by METHOD. For steady state runs. TDDT(1) is set to
DT of COMMON MISC by CllAIN followin6 a call tu DXDT and only
the first entry is referenced.

MTL1 Smallest index in TDTM such that time TDTM(MTL1) is at lestt as-

large as release time, TRLSE of COMMON OUTVC. MFL1 is found in
STOPPER, but is set to one by PLOVIN for steady state runs.
MFL1 is used in PTHLEN. TRACER, CilAIN, and METHOD.

MFL2 Smallest index in TDTM such that time TDTH(MFL2) is at least as-

large as si:aulation time. TUB of COMMON OUTVC. MrL2 is found
in STOPPER,- but is set to one by FIDVIN for steady state runs,
MTL2 is used in PTilLEN TRACER, CilAIN, and HET}l0D.

COMMON / XTER / NX(MXPTil), NC(MXPTH), DX(MXPTH), TMN(MXTSP),
1 BF(NDBF), JPSC(MXSUB+1), JPN(NDJPN,3), IMB(MXPTil) ,
2 Pil!M(MXPTH), XFC(MXPTH), JBF(MXMEM)

Data for the leg to leg transfer algorithm is stored in this block, along
with matrix dif fusion data. If path averaged velocities are used, only
the first entries of NX, NC, and DX are required,

-

NX Number of grid blocks for each leg in the migration path,+

dattre.ined in DXDT and possibly refined in CilAIN. NX is used
in SETUP, FACER, TRNSPT, and XLilNC.

NC Number of catcher blocks for each leg in the migration . path,-

determined in DXDT and possibly refined in CilAtN. NC is used-
in FACER, TRNSPT, and XCHNC.

DX. Crid block size for each leg in the migration p .th (f t), . read-

in FLOVIN and printed in INPRIN. Nonzero DX is checked in
DXDT, oth:rwise. DX is determinH in DXDT. Code deter:ained DX
is potentially refined in CilAIN due to 4Ncnsioning and in
SETUP to preserve the length of each leg. LX is used in FACER,
ADJ B , MXCLL, and = SETDIS, Note that DX(1) and DXX of COMMON
XPORTB are identical for path averaged velocity runs
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|

|

Mean time spent over a transport time step as each isotope inTMN
-

each production subchain (y), determined and printed in TIMER
and used in SETUP and FACER.
Traasfer fractions for particles crossing into new legs over aBF -

transport time step, determined and - printed in FACER and
applied in TRNSPT.

'

Pointers to blocks of data in JPN array, below, for eachJPSC -

subchain. That is, for subchain I, all contributor and
receiver block indicies for leg to leg transfer are found
between entries JPN(JPSC(1)+1) and J PN(J PSC(1 + 1)) , where

JPSC(1) - 0. JPSC is found and printed in FACER and used in
TRNSPT.
Receiver and contributor block indicies from the leg to les| JPN -

transfer algorithm. Block JPN(1,1) is contributed to over a
time step from blocks JPN(1,2) to JPN(1,3), although with large
Courant numbers there may be blocks in between these latter two

'
indicles that do not contribute. JPN is determined and printedi

in FACER and used in TRNSPT.
Flag indicating presence (1) or not (0) of an immobile phaseIMB -

for each leg in the migration path, read in FLOWIN and printed
in INPRIN. IMB is used in STOPPER, CHAIN, and XCHNG.
Porosity in the inaobile phase for each leg in the migrationPillM -

path, read in FUDWIN, checked in STOITER, printed in INPRIN.
and used in XCHNG.
Hass transfer rater for each leg in the migration path (1/y),XFC e-

read in FIDWIN, checked in STOPPER, printed in INPRIN, and used
in XCHNG.
JBF(1) is the index of the first transfer fraction in the BFJBF -

array for:subchains ending in isotope 1. -JPF is found in FACER
and used in TRNSPT.

COMMON / XPORTA / R110(KXGRD,MXMEM), R110NEW(MXGRD), F(NDDF),
1 ST(NDbr), R110M(KXCRD,MXMEM) >

This common contains several of the large chain- and grid dependent
arrays for the DVM transport model. '

Amount (atoms) in the mobile phase for each grid block and-forRil0 -

each isotope being transported,-initialized to zero in MET 110D
and updated for each time step in TRNSPT, SRCIN, and XCHNG.
Also used in TRNSPT for discharge calculations and atom count
summaries.

'"nNEW - Amount in the mobile phase for each grid block for a specific
isotope being transported (atoms), initialized to zero-in
METil0D and used for temporary storage while updating the R!!O
array, above, in TRNSPT.
Discharge fractions over'a transport time step for each sub.F -

chain, found and printed in SETDIS and used in TRNSPT.
Source distribution fractions over a transport time step forSF -

each subchain, found and printed in KXCLL and used in SRCIN.
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'
PJ10M Amount in the immobile phese for each grid block and for each-

isotope being transported (atoms), initialized to zero in
METHOD and updated for each time step in XCitNG. Also used in
TRNSPT for computing atoia count summaries.

COMMON / XPORTB / B(2*MXNVI,MXSUB.MXPTH), JV(2*MXNVI,MXSUB.MXPTH),
1 V(MXNVI,MXSUB,MXPTH), DP(MXSUB), N(MKSUB.MXPTH), JF(MXSUB+1),
2 LPS(MXMEM), LPE(MXMEM), LRP(MXSUB 2), JSF(MXSUB61). INSR(MXSUB),
3 DXX, INSRC, KPDT, KFDX(MXPTH), KFDXA, NSB, NTX, NVI

-This common contains mostly arrays stacked by subchain for the DVM trans-
port mode'.

B Transport fractions for each subchain being transported for-

particles that reasin in a leg over a transport time step,
found and printed in SETUP and used in TRNSPT,

JV Pointers to the tranrport fractions in array B, above, for each-

subchain being transported for particles that remain in a leg
over a transport time step, found and printed in SETUP and used

i

in TRNSPT. In particular, for subchain J in leg K, block I |receives contribution from blocks I JV(L,J.K) over a timo '
-

s tep , where L - 1, . . . ,N(J .K) (see N below). The fractions of
the contributor blocks that vind up in block I are found in
B(L,J.K), where L = 1, . . . . N(J K) . Note that K is set to one
for path averaged velocity runs.

V Distributof velocities for each subchain being transported for-

each leg in the migration p e.h (ft/y), found, used, and
partially printed in SETUP and used in FAC ER , MXCLL, and
SETDIS. In particular, V(1 J K) is the Ith velocity for sub-
chain J_in leg K. Note that K is set to one for path-averaged
velocity runs.

DP Decay survival fractions and production fractions over DT for-

each subchain. Here, DT, as described in COMMON MISC, can be
TRLSE of COMMON OUTVEC, the time step for source calculations,
or the time step for DVM transport calculations. DP is found

-in BPANCH using FUNCTION ET and is printed in SETUP, when DT is
the transport time step. DP is usasd in SOURCE, DTUPDT, SETUP,
TIMER, FACER, ADJB, and XCHNG.

N Number of contributor blocks to any interior block in each 1rg-

of the migration path for each subchain being transpotN d,
found and' printed in SETUP and used in TRNSPT. In particular.
N (J , K) is the number of contributor blocks in les K for e.o.
chain J. Note that K is set to one for path averaged Wr.ef cy
runs,

JF Pointers to sets of fractions for each subchain in the dis-*

cha,rge factor array, F of COMMON XPORTA, found in SETDIS and
used in TRNSPT, In partic d ar, the discharge fractions for
subchain I are stored contiguously from F(JF(I)+1) to
F(J F(141)) .

LPS LPS(I) points to the- beginning of- subchain information for-

subchains ending with isotope I, found in BRANCH and used in
DTUPDT, SETUP, TIMER, FACER, MXCLL. TRNSPT, SRCIN, and XCMNG.
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For example, the decay survival f raction for isotope 1 over a
time step is stored in DP(LPS(1)). IJS is also used as a
locator for arrays B, JV, V. N, LRP, INSR, Jr, and JSF
described here and JPSC of COMMON XFER.
LPE(I) pointe to the end of subchain information for subchainsLPE ,-.

ending with isotope I, found in BRANCll and used in DTUPDT, i

SETUP, TIMER, FACER, MXCLL, TRNSPT, SRCIN, and XCitNG . For

'

example, the decay survival fraction for isotope 1 over a timei '
step, followed by the production fractions for all subchains
ending in isotope 1, are stored from DP(LPS(1)) to DP(LPE(1)).
LPE is also used es a locator for arrays B, JV, V, N. LRP,
INSR, JF, and JSP described here and JPSC of COMMON XFER. .

Parent and subchain length for each subchain being transported, fLRP -

found in BRANCH and used in DTUPDT, SEWP, TIMER, FACER, ADJB, ;

4 MXCLL. TRNSPT, SRCIN, and XCitNC. For subchain I, MP(1,1) is I

; the index of the first member of the subchain end M P(1,2) is
the number of isotopes in the subchain.

,

Pointers to sets of fract. ions for each subchain in the sourceJSP -

distribution array, SF of COMMON XPORTA, found and printed in
MXCLL and used in SRCIN. In particular, the source distribu- |

1 tion fractions for subchain I are stored contiguously from

SF(JSF(1)+1) co SF(JSF(1+1)) .
INSR(1) is the number of grid blocks in the up gradient'

INSR -

direction to receive source for subchain 1, found in MXCLL and

used-in SRCIN. INSR is only used for the mixin6 cell source
distribution scheme and is used in. conjunction with INSRC, '

described below.
Crid block size for transport for runs that use icg averagedDXX -

velocities (ft), set to DX(1) by FLOWIN. Nonzero values are j

checked in DXDT, otherwise DXDT determines an appropriate
'value. Code determined values of DXX may be further refined to

preserve total-path length in DXDT. DXX is used explicitly in r

MXCLL and implicitly as DX(1) in SETDIS.
Index of the first block to receive source for runs that useINSRC -

the fluid flowthrough source model, determined in SETW and
used in SRCIN. If the mixing cell source model is used, INSRC
is the index of the first non catcher block. Source distribu-
tion for subchain 1 therefore starts with block INSRC

'

-

INSR(1), where the latter array is described above. :

Flag indicating whether the user has specified (1) the trans -KFDT -

port time _ step for the decay chain being transported or not
(0), set in CliAIN and used in DXDT.
KFDX(1) is a flag-indicating whether the user has specified (1)KFDX -

the transport space step for leg 1 of the transport path or not
(0), set in FihWIN and used in CilAIN, DXDT, and SETUP.
Number of legs for which the user has spect fled the transportKFDXA -

space step, set in FIAWIN and used in CllAIN, DXDT, and SETUP.
Number of grid blocks to receive the source injection calcula-NSB -

ted using the flowthrough source model, set to NX(1) by SETUP '

if'the leg to leg transfer algorithm is -used and set to the
ratio -of the length of the first leg of the migration path to -

the grid block size DXX by DXDT-if leg averaged velocities are
used. For runs that use the mixing cell source model, NSB is
set to zero in SETUP. NSB is used by SRCIN.

|
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k

Total number of grid blocks, determined in CHA3N following theNTX +

final refinements of the space steps and the catcher blocks,
NTX is used in FACER, TRNSPT, and XCHNG,

INI Number of intervals over which the isotope velocities are dis.+

tributed, set to the first increment determination parameter by
FIDWIN, either from user specified input or from the default
value 7. NVI is used in DXDT, SETUP, FACER, ADJB, and KXC11.

I

i

t

$

i

>
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4.0 DATA INPUT CUIDE

The data input guide is divided into six sections. Section 4.1 describes
the execution procedure for NETTR>.N II. Section 4.2 describes, in
general terms, both the parameters and arrays required in the NEFTRAN 11
input file. Section 4.3 and Section 4.4 provide detailed descriptions of
parameter and array input, respectively. The specific units required for
the input data are discussed in sections 4.3 and 4.4, but in general, the
code requires data to be input in English Engineering System units. The
input requirements for running multiple data sets are defined in Section
4.5 and a sample input file is discussed in Section 4.6.

4.1 Execution Procedure for NEFTPAN 11

There are two versions of NEFTRAN II . The PC (personal computer) version
has teen compiled with Microsoft Fortran Version 2.3 and can be run on a
personal computer. The PC memory requirements depend on the siec of the
arrays used by NEFTRAN II (see Section 3.3), which in turn, depends on
the size of the problem being simulated.

To execute NEFTRAN 11 on a personal computer using the disk operating
system (DOS), the uner must type:

NEFII\Pathname\ Filename

where "\Pathname\ Filename" will be retrieved in subroutine FLOWIN and
stored as a character string up to, but not including, the extension of
" Filename " The character string (ROOT, used in FLOWIN and NEFMAIN) is
then used to access other input files, if required, and to name output
files as requested. Note that " Filename" need not have an extension, but

it must be included on the command line if it does have an extension.
Also, "\Pathname\" must be included only if " Filename" exists in a direc-
tory different from the one containing the executable file (NEF11. EXE) .

This execution procedure allows the user to use any name for the NEFTRAN
II input flie(s) and also allows the user to execute NEFTRAN 11 from one
directory and write / access input / output flies to another directory, For
example, suppose tho input file name is TEST.INP and resides in the same
directory as the executable (NEFII.EXE). Then to execute this input
file, the user would type:

NEFII TEST.INP

("\Pathname\" is not needed since the input file and the executable
reside in the same directory). The naming of the auxiliary files would
proceed as follows:

On input (as required)

1. TEST. VEL (unit 11) must be the name of the data file containing
time-dependent velocity fields.

2. TEsr QSC (unit 12) must be the name of the data file containing
time-dependent flow rates through the source.

p
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3. TEST.SMP (unit 10) must be the name of the data file containing
sair. pled data for over writing input.

On Out put (as reques'td)

1. TEST.0UT (unit 6) is the name of the hardcopy output file
written by NEITRAN II.

2. TEST. DIS (unit 30) is the name of the output file containing
discharge ratea written by NEITRAN II,

3. TEST.SRC (unit 25) is the namo of the output file containing
source rates written by NEf7RAN II.

This file naming scheme is useful for keeping track of input / output files
that are required or generated by NEFTRAN II by ensuring consistency, and
give the user a means of quality control.

For the VAX version of NETTRAN II, the standard VAX computer execution
procedure is required (i.e., RUN NEFII). The main difference between the o
VAX version and the pC version is the file naming scheme. For the VAX ,

version, the input file (s) must be named NEFII with the appropriate
extension, instead of an: arbitrary user input character string. For [example, to run NEFTRAN 11 on the VAX, input must reside on a file named
NEFII,INP. The auxiliary input files, as required, must be named v
NEFII. VEL, NEFII.QSC, and NEFII.SMP. The output files that NEf7RAN 11
would create, as required, would be named NEFII.0UT, NEFII.SRC, and
NEFII. DIS. This required file naming procedure for the VAX version is
equivalent to the PC version for ROOT equal to NEFII.INP. In the follow-
ing discussion of input requirements, the name of the external files will
be denoted (root) with the appropriate extension, in reference to the
above PC version file naming scheme.

4.2 Ceneral Input Desgl.ption

All read statements for the input file are found in subroutine FbOVIN.
Following the read of the LO character string title, five sets of param.
eter data and five arrays are required. For the five arrays to be read,
an array title and the actual data are required. Each row of the array
is read on a separate record. Every set of parameters and array has a
number of error checks in subroutine STOPPER.

Except for the character data (title end array names), all read state.
ments are list directed. This helps avoid errors involving field width
and alignment. However, because the read statements are list-directed,
every parameter and array entry must be assigned a value. That is, use
of a blank to indicate zero is not permissible. Currently there are up
to 55 single-valued parameters that can be input to NETTRAN II. Each
parameter is read on a separate record. Using list-directed format, the
value can be followed by a comma or blank and the rest of the record is
ignored. If the user chooses to do so there i t, ample space to append a
descriptive comment to each value. Vith this feature, and proper use of
the array names, the input file can bc . generated in the form of a

,
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template. .The use of a template allows the user to easily edit entsting
input files for data input changes and also minimizes references to a
data input guide for a description of the input required. In sections
4.3, 4.4, and 4.5, for each-set of data required, a sample input template
is also provided.

If the user opts to include multiple data sets in a single simulation,
the first record en the second and subsequent data sets contains flags
indicating which of the ten input groups are to be read again. Since the
title is not read again, the ten flags required consist of five flags for
the parameter sets and five for the arrays. For array input, both the
array names and array data must be supplied for all data sets. Data
checking is also performed in STOPPER on the later data sets. Note that
11 external files are attached that contain supplemental input, they are
re wound and re+ read for each data set, provided the option to use the
file does not change.

4.3 Parameter Inout De cription

There are five sets of parameters that are input to NEFTRAN 11. They
include most of the options, dimension parameters, and physical
parameters that appear in NEFTRAN 11 input file. Some parameters are
derived from other input data. In particular, the option - to _. implement
the leg to leg transfer algorithm is automatically invoked if an external
file of time dependent velocitios is used or if diffusion from mobile to
immobile fluid occurs for any leg in the migration path. The latter
criterion is used to decide whether the global diffusion flag is zero or
nonzero. A1:.o , two input parameters (LCH and KXC, described below) are
used to determine an appropriate value for the source type parameter
IDSRC. ?..e next five subsections doncribe the input for the five sets of

parameter data.

4.3.1 Options

Standard Print Ontions. One dumy title record and il records of single
jnteger data. The standard print options are flags that indicate whether
NEFTRAN 11 vill print certain information to the hardcopy output file
((root).out, unit 6). For each print option, zero means do not print and
a . nonzero integer implies print. The following discussion lists the
infornction that is printed for each option. This information is

~

considered standard in the sense that It is useful to the user when the*

code is executing without any problems. Note that options 2 6 echo the
array input without any change of units.

Option Outout Printed if Ontion is a Nonzero Interer

10PT(1) The complete set of parameters.

10PT(2) The network log proporties array.

IOPT(3) The network junction properties array.

10PT(4) The migration leg properties array.
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'
:

,

IGPT($) Ths inventory arrey,

IOPT(6) The element properties array.

IOPT(7) Fluid velocities and source / discharge flow rates,
t

IOPT(8) Subchains, production factors, and velocities, only
relevant for the DVM transport model.

10PT(9) Space and time increments and source type, only I

relevant for the DVM transport model. ;

10PT(10) Time dependent output at the discharge point. If
positive (e.g., 4N) then discharge rates (C1/y) are
printed every Nth time step. If negative (e.g., N), ,

concentrations (Ci/f t ) sre printed every Nth time f
3

step. '

IOPT(11) Discharge summary (peak rates and integrated dis-
charge).

An example of the template that can be used in the input file for these
standard print options is given in Table 4.1.

EyJ,g rna l Vile Ovttons. Oi : duarny title record and six single value
Integer records. In NEFT W II, external files are used to either store

,

>

results (i.e., write to) or for supplemental input (i.e., read from). *

Specifically, external files are (1) used to store resultant source rates -

and discharge rates, (2) can be used to provide data to subroutine CETRV
to over write selected input, usually with statistically sampled data,
and -(3) can be used to input time dependent velocity fields and

,

Table 4.1.
I

Input' Template for Standard Irint Options

PARAMETERS, CROUP 1 - OPTIONS, STANDARD PRINT, NONZERO -> PRINT
0 LIST OF A1.L PARAMETERS
0 TiiE NETWORK LEG PROPERTIES ARRAY
0 Tile NETWORK JUNCTION PROPERTIES ARRtY
0. Tite MIGRATION PATH PROPERTIES ARRAY
0~ Tile DECAY CHAIN PROPERTIES ARRAY
0 Tile ELEMENT PROPERTIES ARRAY
0 FLUID VELOCITIES & SOURCE /DISCH FLOWS
0 SUBCHAINS, PRODUCTION 6 VE14 CITIES
0 . SPACE & TIME STEPS AND SOURCE TYPE
O TIME DEPENDENT OUTPUT, IF +/-N, RATES / CONC 3 EVERY NTH TIME STEP
O DISCllARCE SUMMARY
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time. dependent flow rates through the source regime. The following j
discussion will list each option and describe the external file that is j

either read.from or written.to. For all the external file options a zero ;

implies not to write / read the external file and a nonzero 1nteger i
indicates the opposite. The user should also note the added significance

.

of the sign of option 13.

Option External File Description
,

i

10PT(12) If nonzero, write source rates to unit 25. Note, unit
25 is opened by the code with the (11e name
(root).SRC. The first four records written contain

I (1) title, (2) date and time of run. (3) data set
number, trial number, and total nu&r of isotopes
(NTOT), and (4) isotope names. *l h o last record
written following each execution of the source model
contains NTOT41 zeroes. The records in between the
first four and the last contain time (y) and NTOT
source rates (Ci/y). The first four records contain !
character data, All other records are written in !

list directed format, This file is only written when !

the DVH transport model is implemented.

10PT(13) If nonzero, write discharge rates to unit 30. Unit 30
is opened with the name (root). DIS. For this option, ;

a nonzero integer has an additlonal meaning. If !

transport of multiple chains is simulated, each chain
may be transported with a different time step, and,
therefore, the discharge rates for each isotope may be
found at different times. When the user inputs a
positive integer for this option, NEFTRAN 11
interpolates 'the discharge rat 9s found at different
times and writes all the isotopes on the the same time
scale. If this c'tlon is negative, NEITRAN 11 writes
the rates for ca a isotope sequentially by chain, at
times corresponding to the time step used for each
chain. In either case, the first two records consist
of the title, and . the execution date and time. The
remaining format of (root). DIS depends whether the i

chains have been put on the same time scale or not.
If they are on the same time scale, tne remainder of
the troot). DIS file consists of the following records:
(1) data set number, trial ; number, numbe r _ o f _ ra t e s ,
and mimb e r of columns (i.e., total number of
isotopes), (2) the name of each isotope, and (3) the
simulation time (year) ' and the integrated discharge
(C1) for each isotope. Next, NEITRAN 11 writes the
time (year) versus discharge rat.e (C1/yr) information

,

for each isotope, where the time is printed in the
first column and the rate for each isotope is printed
in each subsequent column. NEFTRAN 11 vrites rates
for each additional trial number and data set in the
same format as described above. If the rates are not
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put on th2 sces tics occio for ovary chmin, NEFTRAN II
writes the data set number, the trial number and total
number of chains. Next, NEFTRAN 11 writes the
following records to (root). DIS for each chain:
(1) the chain number, the number of isotopes in the
chain, and the number of times at which discharge
rates are provided: (2) the name of each isotope in
the chain; and (3) the simulation titee and the
integrated discharge for each isotope in the chain.
The time versus discharge rate for each isotope in the
chain is then written by NE}TRAN II. This format is
repeated for each subsequent trial number and data
set.

10PT(14) Not currently used.

10PT(15) If nonzero, read from an external file, attached as
unit 10 with the nrne (root).SMP, usually containing
statistically sampled data. This is done by calling
subroutine GETRV tc read unit 10 and to perform the
user defined instru:tions coded there, Subroutine
CETRV reads from unit 10 in a list directed format.
The first two variable a read are integers JTRIAL and
NVAR. JTRIAL is the trial number and NVAR is - the
number of sampled variables to be read subsequently.
Each sampled variable is then read which replaces a
input variable that was road in FLOWIN from
(root).INP.

10PT(16) If nonzero, read from an external file, atta;hed as
unit 11 and named (root). VEL, sata of fluid velocities
that apply for discrete time frames. The data on unit
11 is read in a list directed format by subroutine,

FIAWIN as illustrated:

Tg L V .1 S .11 1 t
La V ,3 S ,33 3

. . .

. . .

. . .

1, V ,, S ,,3 3

T L ' Y .1 8 .12 1 2 2

. . .

. . .

. . .

Here N stands for the number ot~ legs in the migration
path (see variable NPATH in Section 4.3.2). T ,

indicates time - (y), - L denotes the j th leg in the )3
migration path, '

V ,3 is the pore fluid velocityi

(f t/y) - and S,3 is the saturation (dimensionless),'

i

' for time frame i and leg j. It is assumed that the
velocities and saturations associated with time T 3

4-6
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,

to time T , where tima To is zero.epply from tics T 3 i3

It is required that 0 < Tg < T <...<T,,, where a is
the number of time frames specifieri. The option to use
this file is only available when the DVM transport
inodel is being used and, as noted previously,
automatically invokes the leg to leg transfer ,

algorithm.

10PT(17) If nonzero, read from an external file, attached as
unit 12 and named (root) .QSC, sets of flow rates for
source eniculations that apply for discrete time
frames. The data on unit 12 is read in a list-
directed format by subroutine F1hWIN in time flow rate
pairs (t ,Qa). Times must be increasing and cover thes

range of release time to simulation time. Flow rates
must be non negative. This option is only available
when the DVM transport model is being implemented.

,

An example of the template that can be used in the input file for these
options is given in Table 4.2.

:

Table 4.2.

Input Template for External File Options
.

EXTERNAL FILES, NONZERO -> FILE VRITTEN/ READ

0 VRITE SOURCE RATES (C1/y) TO (root).SRC (UNIT 25)
0 VRITE DISCHARGE RATES (C1/y) TO (root). DIS, (UNIT 30)
0 NOT CURRENTLY USED
0 READ SAMPLED DATA FOR REPEATED TRIALS TROM froot).SMP (UNIT 10)
O READ TIME DEPENDENT VEthCITIES FROM (root). VEL (UNIT ll)
0 READ TIME DEPENDENT SOURCE FlhW RATES FROM (root).QSC (UNIT 12)

Run Ovtfons. One dununy title record and six records of single value
Jnteger data. As indicated in previous sections, NEFTRAN II may be run
by implementing several different models. The run sptions are flags that
' indicate which models the user wishes to uti.ize. Tha following
discussion will list each . option and describe the model that is
implemented depending on the integer value of the run' option. If the
user inputs run options that are not consistent (e.g., use mixing-cell
source with the analytical solution transport model), a warning message
will be printtd to the hardcopy output files, but execution will
continue. Note that option 22 is only applicable if there is no matrix
diffusion and time dependent velocities are not used.
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Q2110.0 Descrintion

10PT(18) If zero, use DVM to simulate transport. If nonzero,
use the analytic solution.

10PT(19) If zero, solve the flow network using the properties
input for the network legs and junctions. If nonzero,
use the pore velocities input in the Migration Path
Array or time dependent velocities from an external *

file, (see option 15 above). Note, if velocities are
to be used from an external filo, thin option MUST be
nonzero.

10PT(20) The leach / solubility option can be 0, 1, or 2 to
indicate to the source model to use leach rates only,
solubilities only, or both, to determine source rates.
This option is only applicable for the DVM transport
model.

10PT(21) The flow-through/ mixing cell option can be 0, 1, or 2
to indicate to the source model to use the flow.
through source, the mixing cell source, or to choose
one as appropriate to determine soarce rates. This
option is only applicable for the DVM transport model.

10PT(22) If zero, leaching occurs at a r nstant rate. If one,

leaching occurs at an exponentially decaying rate.
This option is only relevant for the DVM transport
model.

10PT(23) If nonzero, and other input does not impose its use,
the leg to leg transfer algorithm will be imposed.
This is only applicable when the DVM transport model
is being implemented.

An example of the-template that can be used in the input file for these
options is given in Table 4.3.

Table 4.3.

Input Template for Run Control .4

RUN CONTROLS

0 USE DVM-(0) OR ANALYTIC SOLN (NONZERO)
O SOLVE NETWORK (0) OR INPUT VELOCITIES (NONZERO)
O LEACH (0), SOLUBILITIES (1), OR BOTil (2) FOR SOURCE RATES
0 FIEWTi!RU (C), MIXCELL (1), OR C1100SE (2) FOR SOURCE RATES
0 CONSTANT (0) OR EXPONENTIAL (1) LEACil RATE MODEL
0 FORCE (NONZERO) USE OF LEG TO LEC TRANSFER A140RITi!M

.
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|
D1kug Print Oottons. One duneny eltic record md 15 records of single |

value integer data. The debug print options are flags that indicate for |

NEPTRAN 11 to print debug information (i.e., information that can be used
i

to isolate problems) to the hardcopy output file, troot).0UT. Conaistent i

with the standard print options, a zero means do not print and a nonzero (
means print. If the user indicates to print debug information that is '

not consistent with the run options , as discussed below, a warning '

message will be printed to the hardcopy output file, and the information
will not be printed, but execution will continue.

potion Debur Information Printed if Option is Nonzerg

10PT(24) The transport, discharge, and source distribution
,

fractions (applicable for DVM transport only).
I

10PT(25) Diagnostic information for subroutine BAND (applicable |
for the analytical solution transport model only), j

10PT(26) Diagnostic information for function GIT (applicable
for the analytical solution transport model only).

10PT(27) .The coefficient matrix and constant vector used to
solve for pressure at the leg junctions (relevant only
if the flow network is solved).

10PT(28) The input read from unit 10 for each call to CETRV
(relevant only if option 15 is nonzero).

10PT(79) Not currently used.

10PT(30) The inventory at release time,
,

10PT(31) Restrictions for::ed on the code-generated time steps
for source and transport (applicabic for the DVM
transport model only).

. 10PT(32) The leg junction and the junction leg connections
'

(applicable only if the flow network is solved).

10PT(33) The entire set of time-dependent velocities from the
i external file, unit 11 (relevant only for the DVM

transport model).

I 10PT(34) The atom count summary (applicable only for the DVM
transport model).

10PT(35) The pressure at each junction and flow rates through
each leg (relevant only if the flow network is

; solved).

49
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10PT(36) The leg.to. leg transfer and transport adjustment
fractions (relevant only for the DVM transport model
and if the . leg to leg transfer algorithm is being
used).

10PT(37) The mean time spent as each isotope in each of the
subchains as a fraction of the transport time step
(only relevant for the DVH transport model).

IOPT(38) The time dependent source flow rates (only applicable
for the DVM transport model).

,
An example of the template that can be uned in the input file for these
options in given in Table 4.4.

'

Table 4.4.

Input Template for Debug Print Options :

DEBUG PRINTS,_ NONZERO -> PRINT

0 DVH MULTIPLIERS FOR TRANSPORT, DISCHARCE, AND SOURCE
,

O DIAGNOSTIC INFO FOR SUBROUTINE BAND
0= DIACNOSTIC INFO FOR FUNCTION CIT
0 MATRIX / VECTOR SYSTEM SOLVED TOR FLOW
0 THE DATA READ FROM UNIT 10

.0 .NOT CURRENTLY USED j

0 INVENTORY AT RELEASE TIME 1

0 RESTRICTIONS PLACED ON THE TIME STEPS i

0 LEC/ JUNCTION 6 JUNCTION / LEG CONNECTIONS ;

O VELOCITY FIELDS FROM UNIT 11- '

O THE ATOM COUNT SUMMARY ~
0 JUNCTION FRESTURES 6 LEC FLOW RATES
0 LEG TO LEG TRANSFER FRACTIONS
0 TIME SPENT AS EACH ISOTOPE IN A SUBCHAIN
0 TIME DEPENDENT SOURCE FIDW RATFS

4.3.2 Problem Size Parameters

One dummy title record and five records of single value integer data,. ,

followed by two sets consistir? . of a dummy array title record and- a <

record of multiple integer data. This set of parameters defines the size-
of the problem to be simulated by NEPTRAN 11 (e.g., number of legs,
number of junctions, number of isotopes). These parameters must be les.s
than the maximum dimensions allowed (see Section 3.3) -The problem size
parameters are read in two subsets, integer constants _followed by inter.er
arrays. The first subset is read like the options _ described above, one

r

>
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record per value. The second subset is read in two record pairs. The |first record of each pair is read as a ' character string, which can be
jused as an array title for the input template. The second record of the
jpair contains all the values of the one dimens.ional array. The following

discussion will list each parameter required and the definition of that
parameter. Note that the decay chain inclusion flags are also read here
since they help determine the problem size.

Eamg Eefinition
IFirst Subset:
|

NLEG Number of legs in the network,
i

NJCT Number of junctions in the network.

NPATH Number of legs in the migration path.
-,

NCHNS Number of decay chains to be input.
,

NElR Number of elements input (referenced in the Element
j Properties Array).

Second Subset (One dimensional Arrays):

NI- An array title on the first record followed by NCHNS
values on the second record, where each value '

indicates the number of isotopes in each decay chain.
,

INCHN An array title on the _ first record followed by NCHNS
values on the second record. Each value is either 0,
1, or 2, indicating t.ha t the decay chain is to be
included in source calculations and transported,4

included in source calculations but not transported,
or ignored for both -respectively.

The values for NLEG, NJCT. and NPATH are used to establish the row-
dimensions of the - Network Leg Properties Array, the Network Junction-
Properties' Array, and the Migration Path Properties Array (all discussed
in-Section 4.4), _respcetively. If NJCT is input as zero, it~is assumed
that the network flow model will' not be implemented and the reading of
the Network Junction-Properties Array is omitted. The Decay Chain Array
(Section 4.4.4) has row-dimension equal to the. total number of isotopes,
found by summing over the NCHNS valt es _ of the NI array. The Element
Properties Array (Section 4.4.5) has row-dimension equal to-the product
of NElR and NPATH.-

The purposes of the INCHN array are for user convenience and for- '

reproducibility of source rates. For those appiteations that require a :
,representation of.a complete radionuclide inventory, the Decay Chain ;

Array can be generated to include the entiro representation. Then, all
or selected decay chains can be transported for a given simulation by

4-11
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flagging appropriate entries in INCitN, which avoids editing of the Decay
Chain Array. As discussed in Section 2.3.2, the source model of NEPTRAN
II apportions isotope solubility according to the element solubility and
the internally determined time dependent mass fraction of the isotope to
the element. Since the mass of the element at any time is the sum of
masses of the isotopes of that element, source rates that depend on
solubilities may dif fer depending on which decay chains are included.
Source rates can be reproduced, therefore, by including the same decay
chains in the source calculations, whether they are to be transported or
not. One final note about the INCIIN array is that an entry of 2 (the
decay chain is not used for source or transport) for a chain causes
modification of NCilNS and NI . That is, following the reading of the
Decay Chain Array, NCilNS is decreased the appropriate amount, the N1-
array is compacted, and the information for such a chain is NOT stored.
These actions should not affect the user unless multiple data sets are
provided, in which case the second data set cannot reference a decay
chain that has been discarded (i.e., not included for source or
transport) in a previous data set. See Section 4.5 for further
discussion of multiple data sets. An example of the template that can be
used in the input file for these options is given in Table 4.5.

Table 4.5.

Input Template for Problem Size Parameters

GROUP 2 - PROBLEM SIZES

0 NUMBER OF NETVORK LECS
0 NUMBER OF NETVORK JUNCTIONS
0 NUMBER OF MICRATION PATil LECS
0 NUMBER OF DECAY CilAINS INPUT
0 NUMBER OF ELEMENTS INPUT

CilAIN1 CilAIN2 CilAIN3 CllAIN4 CitATN5 CilAIN6 e MEMBERS PER CilAIN
O

CilN1 CilN2 CilN3 CllN4 CilNS CilN6 - SRC/TRANS 0, SOURCE-1, NEITilER 2
0

4.3.3 Source and Flow Parameters

One dunsoy title record and six records of single value floating point
dats. The physical parameters required on input, defined below, are
primarily used to determine source rates. The exception is the last
parameter, which is used to convert discharge rates to concentrations for
output.

4-12'
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Hug Definitiet)

ACSSTR The fraction of inventory accessed for source cal.
culations.

VOL The pore volume 8(f t ) of the accessed source regime,
used only if the mixing cell source is implemented.

QSAREA The product of cross sectional area normal to flow and
porosity (resulting units 2f t ). QSAREA is used to-

convert pore fluid velocity of the first leg in the
migration path to fluid flow rate 3(f t /y) through the
source regime, and is used only if the network is not
solved and either solubilities are accounted for or
the mixing cell source is used. Note that if time-
dependent velocities are input, NETTRAN 11 uses this
parameter to create time dependent flow rates through
the source regime unless time dependent flow rates
through the source are also read from an external
file.

RLCil The leach rate (y-1) used if the source is leach-
limited.

SAL The density (1b/ft ) of fluid in the source regime,3

used to convert fluid mass to volume for solubility
calculations and this value is used only if che fluid
flow network is not solved.

QDAREA The product of cross sectional area normal to flow and
effective porosity (resulting units fta), used to-

convert pore fluid velocity of the last Icg in the
migration path to fluid flow rate (f t*/y) at the
discharge point. QDAREA is used only if the flow
network is not solved and time-dependent radionuclide
concentrations are requested for output (see Section
4.3.1).

If the network is solved (option 18 equals rero), QDAREA and SAL and
QSAREA are determined internally. For time varying flow fields, the flow
rate at discharge will vary as the interstitial fluid velocity varies for
the last leg in the migration path. Time dependent f1 e rates through ,

the repository are accounted for either by using the external time.
dependent velocity file (i.e., the velocity of the first leg in the
migration path and QSAREA), or the flow rate will be updated periodically
with flow rates read from an external file of time-dependent flow rates
through the source ((root).QSC), in which case QSAREA is not used. If
the analytical transport option is chosen (option 17 is nonzero),
variables ACSSFR, RLCH, and (optionally) QDAREA are used. In this case
the Icach time (r) for the decaying band source boundary condition is ,

taken to be the -eciprocal of the leach rate, RLCH. An example of the
template that can be used in the input for these options is given in
Table 4.6.

4 13
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Table 4.6.

Input Template for Source / Flow Parameters

-

CROUP 3 - SOURCE / Fiat PARAMETERS

0. FRACTION OF INVENTORY ACCESSED
0. PORE VOLUME CONTAINING SOURCE (ft**3)
0. PORE AREA 0F SOURCE (f t**2)
O. LEACll RATE (1/y)
O. DENSITY OF SOURCE FLUID (1b/f t**3)
O. PORE AREA AT DISCilARGE (ft**2)

4.3.4 Time Parameters

One dumy title record, four records of single <!alue floating point data,
a record containing a dumy array title, and a record with multiple
single value floating point data. All time parameters required by
NEITRAN II are input in years. Like the Problem Size parameters, this
set is separated into a subset of constants (in this case floating point
constants) and a subset containing an array. The array must be preceded
by a characte, record, which can be used as a descriptive title for the
input template. The following discussion will list and describe each
parameter required in this set.

Name Description

First Subset:

TUB The problem simulation time.

TRLSE The release time (i.e. the earliest time that con-
taminated fluid begins to migrate).

TLCH The time that leaching tegins (cannot exceed TRLSE).

DTSRC The time step for source calculations. Entering zero
indicates internal determination by NEFTRAN II.

Second Subset:

DTCitN An array title on the first record followed by NCHNS
values on the second record, where each value is the
time step for each decay chain input. The array title
indicates which time step corresponds to which chain.
Entering zero for a chain indicates internal
determina* ion of the time step by NEFTRAN II.

>
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.

! For the analytical transport nodel (option 17 is nonzero), TRLSE and TLCil
must be equal and DTSRC and DTCHN are not used. If TRLSE is input less |'

than TLCll, NETTRAN 11 sets TRLSE equal to T1411 and writes a warning !

ine s s age to the hardcopy output file ((root).0UT). For time. dependent j
velocities, it is important that the transport time step be an integer j
divisor of each time interval, and that internally deteritined titee steps j

. (which can vary frors time interval to time interval) have this property. '

l As discussed in Chapter 2, a time interval is defined as the beginning
and ending time during which specific steady state fluid flow velocities
are assumed to occur in the asigration path legs. Since the user can

' specify only a single value for all time. NEITRAN II uses this value as a
i starting point for each time frame and then decreases it, as necessary,

to ensure an integral divisor time step for the time interval. An
example of the template that can be used in Lt.c input file for these
options is given in Table 4.7.

Table 4.7.
|

Input Template for Time Parameters

i. ~

,

'
CROUT4 . TIME PARAMETERS

I
n. TIME TO END OF SIMULATION (y)
0. TIME OF ONSET Or MICRATION (y)

'O. TIME OF ONSET Or LEACllING (y) !

1

O. TIME STEP FOR SOURCE (y),

CilN1 CHN2 CllAIN3 CllAIN4 CilAIN5 CHA!N6 + TRANSPORT TIME STEPS BY CllAIN
0. O. O. O. O. O. t

4.3.5 Increanent Deterimination Paraiteters

one dummy title record and 16 records of single value floating point
data. Parameters that are ased by NEf7RAN 11 for determining velocity
increments, source time steps, transport time steps,'and transport space
steps are included here. These increment determination parameters are
used only for DVM transport (option 17 is zero) and all parameters have
default values in NEFTRAN II . If the first parameter (INCRM) is r.e r S ,
then all default values will be used and no further input for this data
set is required. Otherwise, INCRM must be 16 and a value must be
provided for'each of the 16 parameters, although a zero indicates the use

-.of the default value for the individual parameter. In the - following
discussion, after describing each parameter, the default values - and
recommended sets of values if the default values are not utilized will be
. presented, any values different from these recommended should be
_ selected very carefully based on extensive knowledge of the code,

t
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Tollowing INCRM cnd the nunber of volecity intervsis (NVI), savon
parameters for finding the source tisce step, and eight parameters for
finding the transport time and space steps are listed. All are read as
singla valued parameters, so a descriptive message can follow each value
for the input ternplate. The fc11owing dieeussion will list and describe
each increment determination parameter.

Eggg Descriction N

INCRM If zero, use default values for all of the remaining
parameters in this set and no further input is
required for these parameters. Otherwise, a value of
16 must be input, which is the nurnber of parameters
(i.e., records) that follow.

NVI The number of velocity intervals used to distribute
velocities for the DVM transport inodel (default 7).

DTPAR(1) The tainimum nurnber of source time steps scross the
leach time, which is the reciprocal of the teach rate,

RLCH (def ault 5) .

DTPAR(2) The number, which when multiplied by an isotope's
half life, results in a time that must not exceed the
isotope's mean migration tirne, if the isotope is to be
considered troportant for detertaining the time step for
source calculations (default 20).

DTPAR(3) The multiple of the minimum " 1:npo r t ant" half life,
prc,viding a lower bound iter the source tirne step
(default 0.5).

DTPAR(4) The multiple of the mean mixing cell residence tirne to
provide a lower bound for the source time step
(default 0.2), only used if a mixing cell source is
utilized.

DTPAR(5) The fract".on of the minimum incan migration titne taken -
over oli import. int u ntopes, which is then compared to
mean mixing cell residence time, to decide (if
optional) if the inixing cell source model should be
used (default 0.1).

DTPAR(6) The fraction applied to the peak source flow rate to
deterinine a source time step that captures the peak

source flow rate (default 0.8). The fraction is
multiplied by the peak sourt.e rate and this amount is.
added and subtracted from the peak rate. The times at
which these two rates occur deterrnines a time range
used to bound the source time step. Only applied for
time varying flow rates through the source.

4 16
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DTPAR(7) Tha cinitum number of time steps required to generate
source rates (default 20).

DXDTPA(1) The number, which when multiplied by an isotope's
half life, results in a time that must not exceed the

isotope's mean migration time, if the isotope is to be
considered "important" for determining the time and
space steps for transport (default 10).

DXDTPA(2) The number of standard deviations in time for
important isotopes, providing a lower bound for the
transport time step (default 1.5). This parameter is
used only for the path averaged transport to ensure
resolution of the breakthrough curve in time.

DXDTPA(3) The maximum reduction factor that curve resolution
restrictions can decrease the time step by (default
0.2). Only applied for path. averaged transport.

DXDTPA(4) The minimum number of 1 ime steps used for transport
(default 30). For p rul a t ions that utilize time-

dependent velocities, 30 is divided by the ratio of
total simulation time to the length of the current
time frame. Either this number or 5, whichever is
greater, is used as the minimum number of time steps
required for the current time frame.

DXDTPA(5) The Courant number to be used to initialize the space
steps following determination of the time stop
(default 1.5).

DXDTPA(6) The minimum Courant number to be used if the firu
attempt at finding the space steps generates a number
of space steps .hich exceeds dimensions (default
0.75).

DXDTPA(7) The minimum number of grid blocks for the path-
averaged DVM transport case (default 50).

DXDTPA(8) The minimum number os grid blocks for each leg for the
leg to leg transfer .mplementation (default 7).

In regards to the above description of parameters, the concept of isotope
importance is discussed in Section 2.3.2 and 2.4,3, and is based on the
mean migration time for each isotope. If a decay chain is included in
source but is not transported, all isotopes in that chain are considered
to be "not important". Isotopes that do not discharge from their initial

2 inventory during the simulation time have undefined mean migration time
and are also considered "not important" in finding space and time steps.
Further, if time-dependent velocities are used, all of the above
parameters are applied to each time frame and there must be a nominal
number of time steps across each time frame (refer to DXDTPA(4)). An
example of the template that can be used in the input file for these
options is given in Table 4.8.

|
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Table 4.8.

Input Template For Increment Determination Parameters

CROUP 5 INCREMENT DEIERMINATION PARAMETERS

0 USE DEFAULTS (0) OR SUPPLY ALL (16) VALUES

(or)
,

CROUP $ INCPEMENT DETERMINATION PARAMETERS

16 USE DEFAULTS (0) OR SUPPLY ALL (16) VALUES
0 # VE1DCITY INTERVALS (DEFAULT - 7)
O. MINIMUM # OF SOURCE TIME STEPS ACROSS LEACH TIME (DEFAULT - 5)
O. ISOTOPE IMPORTANCE PARAMETER FOR SOURCE DT (DEFAULT - 20)
O. LOVER BOUND PARAMETER FOR SOURCE-DT (DEFAULT .5)
O. MIXING CELL PARAMETER FOR SOURCE DT (DEFAULT .2)
O. - PARAMETER TO DECIDE IF MIXING CELL USED (DEFAULT .1)
O. PARAMETER TO ENSURE PEAR SOURCE FLNRATE CAPTURE (DEFAULT .8)
O. MINIMUM w 0F TIME STEPS FOR SOURCE (DEFAULT - 20)
O. ISOTOPE IMPORTANCE PARAMETER FOR TRANSPORT DT (DEFAULT - 10)
0. CURVE RESOLUTION PARAMETER FOR TRANSPORT DT (DEFT.bLT - 1.5)
O. MAX. RED. IN TRANS DT FOR CURVE RESOLUTION DT (DEFAULT ~ 0.2)
O. MINIMUM # OF TIME STEPS FOR TRANSPORT DT (DEFAULT - 30) j

0. Tile INITIAL COURANT w TO FIND DX'S (1.0)
O. MINIMUM COURANT # TO FIND DX'S (0.75)
0. MINIMUM CRID BLOCKS FOR PATH AVERAGED TRANSPORT (DEFAULT - 50)
O. MINIMUM GRID BIDCKS/LEC FOR LEG TO LEG TRANSFER (DEFAULT - 7)

The space and time step parameters have default values in NEPTRAN 11 as
indicated above and in sections 2.3.2, 2.4.3, and 2.4.4 These de f aul t
values are based on the main purpose of NEFTRAN II, which is to be used
in a performance - assessment methodology (i.e. , Monte Carlo statistical
study). Ilowever, it is recognized that NEFTRAN II has the ability to be
applied in a wide range of applications. Consequently, recommended sets
of values for the increment-determination parameters that correspond to
different levels of accuracy are given in Table 4,9. Level 1, which
corresponds to the default values, provides costse results and is usually
adequate for rough analysis and statistical studies. Level 2 is the
medium level accuracy and should serve well for generating breakthrough
curves 'and statistical studies. Level- 3 is the most accurate and the
most-time consuming, in general., and should, for the most part, be used
only for deterministic runs where detailed breakthrough curves are
required. To reiterate, although the user has the option to input any
values for these parameters, _ it is recommended that only the sets of
values listed in Table 4.9 be used.
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Tchle 4.9.

Recommended Sets of Values
for the Increment Determination Parameters

.

Paraite t e r level 1 level 2 14 vel 3
-default)'

s

_

DTPAR(1) $ 10 25
DTPAR(2) 20 20 20
DTPAR(3) 0.5 0.3 0.1
DTPAR(4) 0.2 0.1 0.05
DTPAR(5) 0.1 0.1 0.1
DTPAR(6) 0.8 0.8 0.8
DTPAR(7) 20 35 50
DXDTPA(1) 10 10 10

DXDTPA(2) 1.5 0.7 0.35
DXDTPA(3) 0.2 0.1 0.05
DXDTPA(4) 30 50 60
DXDTPA(5) 1.5 1.8 2.0
DXDTPA(6) 0.75 0.95 0.95
DXDTPA(7) 50 100 150
DXDTPA(8) 7 15 25

*
__

4.4 6trav Input Descrintion-

For each array that is input, an array title is included in the input
flie. The reason for this in to help keep track of data while editing
input fi'i c s using standard text editors. The row ofaension for each
array is specified by the Problem Sire Parameters (Section 4.3.2). With
the possible exception of the Junction Properties Array, all arrayn are
required input for the initial data set. If multiple data sets are pro-
vided, array input is required according to user specification. Both the
title and the data must be supplied for any array that is to be read,

a6ain in a new data set. Refer to Section 4.5 for further discussion on
multiple data sets.

Leg properties are required in the first and third arrays. Certain prop-
erties are required to solve for flow in the ne twork (e . g. , hydraulic
conductivity), certain properties are required for transport (e.g.,
connected porosity), and certain properties are required for both (e.g.,
leg length). If the pressure equations are not solved, many of the leg
properties are not used. However, a value must bt provided for each
array entry because the input is read in a list-directed format.

4 19
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4.4.1 Netwark Leg Properties Array

Three dumy array title records followed by NIEG records containing seven
data items. The name of the Network Leg Properties Array la read in
three character formatted records. These are followed by NLEO (Section
4.3.2) records, each containing the seven data itans listed.ena described
below. In the following discussion, column numeration is used to
indicate a data entry on a record and not a specific column number on
that record.

Colun.n Descriotion
,

'
1 Leg number.

2 Inlet junction number.

3 Outlet junction number, the sign convention in NEFTRAN
11 for the flow direction is positive from the inlet
to outlet for each leg.

4 Leg length (ft). '

5 Cross sectional area normal to flow (f t ).2

6 liydraulic conductivity (ft/ day).

7 Relative brine concentration (dimensionless), zero
implies fresh water and one implies saturated brine.

If the network flow equations are not solved, columns 5, 6, and 7 are not
used and any nontero entry in these columns will prompt a warning message
to be written to the hardcopy output file, but execution will continue.
The inlet and outlet junctions are used in checking flow directions elong y
the utgration path and the leg lengths are required to find fluid and
species migration times.

An array title that provides a template for input consists of column
titles for each of the seven data items required. The coluan titles
indicate data names (e.g. , Ilydraulic K) and required units *

se.g., ft/d).
An example of the template that can be used in the input file for this
array is given in Table 4.10,

4 20
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Tablo 4.10. i

'Input Template for Network Leg Properties Array

_ m

Network Ler Propertier Array ;
i

Leg inlet Outlet Length At sa Hy(raulic Brine !
* jet jet (ft) ( s q. k'Q K 'ft/d) Cone.

'

0 0 0 0. O. O. O.
0 0 0 0. O. O. O.

"
0 0 0 0, O. O. O.

t.

4.4.2 Junction Properties Array ;
,

Three dunny array title records followed by NJCT records each tantaining
,

four data items. If the network flow system is not solved, the Junction '

Properties Array can be omitted. This is detected within NEITRAN 1:1 by
the value of NJCT (Section 4.3.2). If NJCT is zeTo, then the reading of,

the array.name - and array data are bypassed. Otherwise, the array.name
and array data are required. If t!.t network is not solved, any nonzero

;

entry in this ~ array will prompt a warning message to be written to the
output file, but execution will continue. The name of the Netwock

,

Junction Properties Array is read in three character. formatted records.
-These are followed by NJCT records each containing the four data items
listed and described below. In the following discussion, column

,

nuaeration is used to indicate a data entry on a record and not a ;

specific column number on that record.

ColuqD D11EI.lMIRD

1 Junction number.
>

2 Elevation of the junction (ft). [

3- If zero, indicates- that pressure in - unknown at the
junction,- vise _ the pressure from column number 4 is
used as a known boundary pressure in solving the flow

'

network.

4 Known fluid pressure at the_juration (psi). j

An array title that provides a templeite for input by column consists of
-

-column titles for each of the = four - data items - required. The column-
titles ; indicate data nomes (e.g., Pressure) and required units (e.g.,
psi). An example of the template that can be used in the input flie for
this array is given in Table 4_.11.-

.
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Tchte 4,11.

Input Teimplate for Network Junction Fruperties Array

- -

.-

Network Junction Properties AtNy

Jct Elevation Known Press? Pressuto
# (ft) Na/Yes - 0/1 (psi)

0 0. 0 0,

0 0. 0 0.
0 0. 0 0.
0 0. 0 0.

_ --

-: n 4. 3 Higration Path Properties Array

Three dununy array title records followed by NPATH records each containing
elght data 1tems. The name of the Migration Path Properties Array is
road in three character formatted records. These are follovec by NPATil
(Section 4.3.2) recorda cach containing the eight data items listed and
dencribed below. In the following discussion, column numeration is used
to indicat., u data entry on a recond and not a specific column number on
that recard,

Gulumn Descriotion )
!

1 1.eg number of the leg in the migration path, based on
the leg numbering scheme of the Network Properties
Array.

-2 Longitudinal dispersivity (ft).

3 Space step (ft). If input as zero, NETTRAN II will
dstermine the space step internally.

4 Flag indicating whether diffusion from the mobile
phase to the immo'cile phase occurs in this leg (i.e.,
whether the matrix diffusion model (1 - to be imple.
mented for this leg), zero (splies no and nonzero
implies yes.

5 Interstitial porosity for the mobile phase.

6 Perosity for the immobile phase.

7 Mass-transfer coefficient for diffusion (yd).

8 Interstitial fluid velocity (ft/y).

4 22
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An array' title that providse o to::ploto for input by coluran consists of |
column titles for . each of the eight _ data items required. The column |
rat?As indicate data names (e.g. , Velocity) - end required units (e.g.,
ft/y). An example of the tenplate that can be used in the input file for
this array is given in Table 4.12.

Table 4.12.
f

Input Template for Migration Path Properties Array

.

Migration Path Properties Array

' sg Disp. DX Diffus? Mobile Immob Mass Xfer Velocity
# (ft) (ft) N/Y-0/1- Poros. Poros Coef(1/y) (ft/y)

0 0. O. 0 0. O. O. O.

0 0. 9, 0 0. O. O. O.

0- 0, 0- 0 0. C. O. O.

To understand the required inpu't of the Migration Path Array, the
different run option. combinations that NEFTRAN II is capable of

| implementing must Le understood. In NEFTRAN II, there are ten run option

|: . combinations as shown in Table 4.13.
I'

Table 4.13. ,

Run Option Combinations

_ _.

Network' External Solution Matrix Force
Etived? Ve4ocities? Technique Diffusion? L-to L

Transfer?
_

Yes No DVM No No
Yes- -No DVM No Yes
Yes No DVM Yes ' Default, Yes

Yes No Anl. No NA

No No DVM .No No

No No DVM No Yes
No No DVM Yes_ Difault, Yes

t4 No Anl. No NA

No Yes DVM No Default, Yes

No Yes DVM Yes Default, Yes

L
._

|

L
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The first three columns in Tcblo 4.13 are soscified in the run option
parameters of Section 4.3.1, which are option numbers 19, 16, and 18,
respectively. Colan number 4 is decided based on the diffusion flags
for all of the legs (column number 4 in the Migration Path Array). The
last column is also specified in the run option parameters and is option
23, In conjunction with these different run option combinations, three
assumptions contained in NEFTRAN 11 should be noted. First, the
analytical transport medel is not equipped to treat matrix diffusion nor
time dependent velocities. Second, if matrix diffusion is implemented
for any leg in the migration path or if an external file of velocities is

used, then the DVM leg to leg transfer algorithm is automatically
invoked. Third, implementation of the leg to leg algorithm can be forced
using option 23. Forcing leg to leg transport if matrix diffusion is
occurr nr or if time dependent velocities are being used is not necessary
because it is already forced and is listed in Table 4.13 as being
''de f aul t YES' for these run options. Table 4.14 outlines which columns
(and in some cases rows) are used in the Migration Path Array for the
specific run option combinations listed above.

4.4.4 Decay Chain Array

Three dummy array title records followed by NTOT records each containing
eleven data items.

Table 4,14

Migration Path Array Parameters as a Function of Run Option

I. If the NETWORK IS SOLVED

Leg numbers are used,+

Mobile phase porosities are used.e

+ At leas : one value (see below) of dispersivity is used.

A, For the ANALYTICAL SOLUTION

Only one value of dispersivity _ is used and this is taken*

from the first row in the array (i.e. the dispersivity for
the first leg),

B. For the DVH SOLUTION
3
a

The flags indicating diffasion/no diffusion and the option+

forcing the leg to leg transfer algorithm are used.

a. If there is NO DIFFUSION and LEG 10 LEG TRANSFER has
not been forced

4-24
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Tcbis 4.14 (Continusd)

Higra. tion Path Array Parameters as a Function of Run Option

Transport is calculated over a property-averagede

path thac caly one value of dispersivity and one
space step are used, and these are taken from the
first row in the array.

b. If there is NO DIFFUSION and LEG-TO LEG TRANSFER has
been forced

Transport is calculated over each leg; therefore,e

for each leg, a dispersivity and a space step, are
used,

c. If there IS DIFFUSION

Transport is calculated over each leg; therefore,*

for each leg, a dispersivity, a space step, an
immobile phase porosity, and a mass transfer
coefficient are used.

II, If the NETWORK IS NOT SOLVED AND AN EXTERNAL FILE IS NOT USED

1. Leg numbers-are used.
2 Fluid velocities are used.
3. At least one value (see below) of dispersivity is used.4

A. For the ANALYTICAL SOLUTION

only one value of dispersivity is used and it is taken frome

the first row (i.e. the dispersivity for the iirst leg).

B. For the DVH SOLUTION

The flags -indicating diffusion /no diffusion and the option*

to force leg to-leg transfer are used,

a. If there is NO DIFFUSION and LEG-TO-LEG TRANSFER has
not been forced

Transport is calculated over a property averagede

path so that only one value of dispersivity and one
space step are used, and these are taken from the
first row.

>
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Table 4.14. (Concludsd)

Migration Path Array Parameters as a Function of Run Option

b. If there is NO DIFFUSION and LEO TO LEG TRANSFER has
been forced

Transport is calculated over each leg; therefore,e

for each leg, a dispersivity and a space step, are
used.

c. If there IS DIFFUSION

Transport is calculated over each leg; therefore,e

for each leg, a dispersivity, a space step, a
mobile phase porosity, an immobile phase porosity,
and a mass transfer coefficient are used.

III. if the NETWORK IS NOT SOLVED AND AN EXTERNAL FILE IS USED

1. Leg numbers are used.
2. Dispersivities are used.
3. Space steps are used.
4. DVM SOLUTION is required.
5. The flags indicating diffusion /no diffusion and the flag

to force leg-to leg transfer are used,

a. If there IS DIFFUSION

For each leg; a mobile phase porosity, an immobile*

phase porosity, and a mass transfer coefficient are
used.

The name of the Decay Chain Array is read in three character formatted
records. These are followed by NTOT records each containing the eleven
data items listed and described below. Here. . as in the code, NTOT
represents the total number of isotopes input, found by summing the
numbe r of isotopes over decay chains. In the following discussion,
column numeration is used to indicate a data entry on a record and not a
specific column number on that record.

Column Description

i 1 Isotope name, in thin special case the name MUST be
surrounded by single quotes to enable FORTRAN list-
directed character input.

4-26
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2 Atomic mass, used only for solubility calculations and
can be set to the atomic number.

3 Element index, should match an element index in the
Element Properties Array below.

4 Local index, refers- to index within the decay chain
and is used to reference parent (s).

5 1.ocal index of parent number 1.

6 Local index of parent number 2, cannot be nonzero
unless column 5 is nonzero.

7 Branching fraction from the decay of parent # 1.

8 Branching fraction from the decay of parent # 2.

9 The initial inventory (Ci).

10 The half life (y) .

11 Veighting factor that divides into total integrated
discharge for each isotope. This may be useful for
performance assessment applications, where the
appropriate weighting factor for each irotope may be
found based on the EPA Containment Requirements (EPA,
1985), and the resultant weighted inte5 rated
discharges would be equivalent to EPA sums.

The element index for all isotopes of a given element should be the same
so that solubilities will be treated correctly in the source
calculations. The same element retardation is assigned to all isotopes
of the element. If weighting factors are input as zero, the default
value of 1.0 is used.

An array title that provides a template for input by column consists of
column titles for each of the eleven data items required. _The column
titles indicate data names (e.g., Inventory): and ' required _ units (e.g.,
C1). An example of the template that can be used in the input file for
this array is given in Table 4.15.

4.4.5 Element Properties Array-

Three dumruy array title records followed by NELH record-sets containing
-NPATR records. The name of the Element Properties Array is read in three
character-formatted records. These are followed by NEIR (Section 4.3.2)
record-sets, each pertaining to a specified element and each containing
NPATH (Section 4.3.2) records. The first record of a set contains~

element index, _ solubility, _the . index of the firat -leg in the migration
path, the mobile phase retardation factor (R ) for the first leg in thed

for the first leg in the migra-migration path, and the. immobile phase Rd
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Table 4.15.

Input Template for Decay Chains Array

Decay Chain Array

Name Atom Ele. Loc Par Par Frac Frac Inven. Hf Lf Voigh
A6 Mass ment ndx #1 #2 Fromi Trom2 (C1) (y) Fac

'namel' 0 0 0 0 0 0. O. O. O. O.
'name2' O O O O O 0. O. O. O. O.

-'name3' 0 0 0 0 0 0, 0. O. O. O.
6

tion path. Records 2 through NPATil af a set contal. f ae leg index, the
mobile phase R, and the immobile phase Re for lete 2 through NPATil,d
respectively. Every element index referenced in the Decay Chains Array
above should be included in the first column of the Element Properties

-Array. Each column required in the Element Properties Array is listed
below, along with a description of that column. In the following
discussion, column numeration is used to indicate a data entry on a

. record and not a specific column number on that record.

Column DescrIntion

First Record:

1 Index of the element.

2 Solubility (g-clement /g-fluid).

3 Index of the first leg in the migration path.

4 Mobile R for the first leg in the migration path.d

5 Immobile R for the first leg in the migration path.d

Ith Record, I - 2, . . . ,NPATH:

1 Ir.<1ex of the Ith leg in the migration path.

2 Mobile R for the Ith leg in the mi ration path.d 5

3 Immobile R for the Ith leg in the migration path4

Note 'that the record-set described above must be repeated for onch
element. Solubilitics are not.used if only leaching is considered in

-finding the source rate (option'20, Section 4.3.1). Immobile phase Ra is
|
|

|
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not used unless diffusion is being modeled. If nonzero values are input

for these parameters for these cases, a warning message is written to the
hard copy output file, but execution continues. However, it should be

reiterated that, since the array is input in a list-directed format, a
blank is not accepted as input for these parameters.

An array title that provides a template for input by column consists of
column tit? es for each of the data items required. The column titles
indicate dat,' names (e.g., Solubility) and required units (e.g., g/g).

An example of the template that can be used in the input file for this
array is given in Table 4.16.

Table 4.16.

Input Template for Element Properties Array

Element Properties Array

Elem. Solubility Leg Mobil Rd Immobile Rd
Index (g/g) #

0 0. 0 0, 0,

0 0. O.
0 0. O.

0 0. 0 0. O.
0 0, 0.
0 0. O.

0 0. 0 0. O.
0 0. O.
0 0. O.

4.5 Data Reautred for Multiple Simulations

For a single run of NEFDUW II, the run title, the five sets of param-
eters, and the five arrays described are required in the input file.
Multiple runs of NEFTRAN II can be accomplished using two methods.
First, multiple data sets can be included sequentially on the input file.
Second, an external file can be read and user-specified replacement
statements impicmented. In fact, although not routinely done, these two
methods can be used together. The two methods are described in the next
two subsections.

4.5.1 Multiple Data Sets

One dummy title record and one multiple Integer record. For NEFTRAN 11,

the initial data set is read, and following transport of all chains, the
code returns to subroutine FLOWIN to read additional data. If an end of-

!
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. file is encountered on the input file, the progren terminates normally,
Otherwise, the code reads the INP array, which contair.s flags that
indicate which data groups are to be re read. In NEFTRAN II there are 10
data groups that can be flagged.. The basic idea is to provide the
capability to perform additional calculations without having to re input
those data groups that do not change.

For NEFTRAN 11 the INP array is read in two records. The first record is
a character record that can contain a descriptive title for the second
record. ihe second record contains 10 integers, the first five for the
parameter sets and the second five for the arrays. A nonzero entry
signifies that the corresponding data group should be re read. The
following discussion lista each entry in the INP-array and the
corresponding data-group that is read again if the entry is nonzero.

Entry Data-Group to be Re-read if Entry is Nonzero

1 Options, Parameter Set 1.

2 Problem sizes, Parameter Set 2.

3 Source / flow characteristics, Parameter Stt 3.

4 Time values, Parameter Set 4. I

5 Values used to determine space and time increments.
Parameter Set 5.

6 Network Leg Properties, Array #1.

7 Network Junction Properties, Array #2.

8 Migration Path Properties, Array #3.

9 Decay Chain Properties, Array #4.

-10 Element Properties, Array #5.

An example ' of a template that can be used in the input file for this
array is given in Table 4.17. The array title consists of column titles
for each data group (e.g., set one, set two, array one, array two).

Table 4.17.

Input Template for Multiple Data Set Options
|

g - SET 1 SET 2 SET 3 SET 4 SET 5 ARY1 ARY2 ARY3 ARY4 ARYS RE-READ FIAGS 1->Y
I

l 0 0 0 0 0 0 0 0 0 0
l
!
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All data itema are subject to error checking during the input of a second
or later data set. In addition, if all data groups are not re read,
subroutine STOPPER is called to re check the entire current data set.
This should trap most errors. However, it is recommended that any change
in Problem Sizes be accompanied by re reading all of the affected arrays.
In particular, unintended information can be accessed if a decay chain
was not included on an earlier data set (see the INCHN Array, Section
4.3.2) and is included in source and/or transport for a later data set.

It should be noted that any external input flies are re vound and re read
for each data set, as long as the option to include such files has not
changed. For (root) .SMP this means that a second set of repeated trials
can be run with different data sets. For (root). VEL and (root).QSC, the

re reading is donc mainly for internal code convenience.

4.5.2 Use of Subroutine CETRV

NEFTRAN Il allows for the use of an external file to over-write data that
was read in the input file. The logic is to first read an input file

'

and, if option 15 is nonzero, to then call subroutine CETRV to (1) read a
record from unit 10 ((root).SMP) and (2) implement the user defined
replacement statements that equate NEFTRAN II variable names to the data
from unit 10.

In NEFTRAN 11 troot).SMP is read until an end-of file marker is
encountered. At that time the program returns to subroutine FLOWIN to
read another data set. If one is encountered, unit 10 is re-wound and la

ready for a second set of repeated trials. The required structure of
unit 10 is discussed in Section 4.3.1.

NEFTRAN II calls subroutine STOPPER following the users replacement
statements in subroutine CETRV. In this manner, data checking is
available in NEFTRAN II that augments any user defined data checks;

defined by the user in CETRV.

4-6 Sample Input File
.

The purpose of this section is to present a sample input file to
summarize the information that has been presented in cections 4.2 4.5.
Consequently, a sample input file for an - arbitrary problem is shown in
Table 4.18. Specific sample problems and their corresponding input will
-be presented in Chapter 5. As shown in Table 4.18, the first record in
the input file contains the title for the simulation, "NEFTRAN II SAMPLE
INPUT FILE". For the options, all standard prints are requested and two
debug prints are requested. From the second subset of options, both
source and discharge rate flies are to be written. From the run
controls, the code is instructed to use the DVM transport model, the pore
velocities input in the Migration Path Properties Array, and to consider
leaching using a constant leach rate model with a flow-through source,
ignoring solubilities and miv.ing cell effects.
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Tcblo 4.18.

Sample Input File

NEFTRAN II SAMPLE INPUT FILE
PARAMETERS, GkOUP1 - OPTIONS, STANDARD PRINT, NONZERO -> PRINT

1 LIST OF ALL PARAMETERS
1 THE NETWORK LEC PROPERTIES ARRAY

-1 THE NETWORK JUNCTION PROPERTIES ARRAY
l THE MICRATION PATH PROPERTIES ARRAY
1 THE DECAY CHAIN PROPERTIES ARRAY
1 THE ELEMENT PROPERTIES ARRAY
1 - FLUID VELOCITIES 6 SOURCE /DISCH FlhWS
1 SUBCHAINS, PRODUCTION & VEIACITIES
1 SPACE & TIME STEPS AND SOURCE TYPE
1 TIME DEPENDENT OUTFUT, IF +-N, RATES /CONCS EVERY NTH TIME STEP
1 DISCHARCE SUMARY

EXTERNAL FILES, NONZERO -> FILE WRITTEN / READ
1 WRITE SOURCE RATES (Ci/y) TO (root).SRC (UNIT 25)
1 WRITE DISCHARGE RATES (Ci/y) TO (root). DIS,-(UNIT 30)
O NOT CURRENTLY USED,

0 -READ SAMPLED DATA FOR REPEATED TRIALS FROM troot).SMP (UNIT 10)
0 READ TIME-DEPENDENT VElhCITIES FROM-(root). VEL (UNIT 11)
0 READ TIME-DEPENDENT SOURCE FIDWRATES FROM (root) .QSC (UNIT 12)

RUN CONTROLS

O' USE DVM (0) OR ANALYTIC SOLN (NONZERO)
1 ~ SOLVE NETWORK (0) OR. INPUT VEIDCITIES (NONZERO)

-0 LEACH (0), SOLUBILITIES (1), OR BOTH (2)' FOR- SOURCE RATES
0 F14WTHRU (0), MIXCELL (1), OR CHOOSE (2) FOR SOURCE RATES
O CONSTANT (0) OR EXPONENTIAL (1) LEACH RATE MODEL
0 FORCE (NONZERO) USE OF LEC-TO LEG TRANSFER ALCORITHM

DEBUG PRINTS, NONZERO -> PRINT
0 DVM MULTIPLIERS FOR~ TRANSPORT, DISCHARCE, AND SOURCE
O DIACNOSTIC INFO FOR SUBROUTINE BAND
0 DIACNOSTIC INFO FOR FUNCTION CIT
0 MATRIX / VECTOR SYSTEM SOLVED-FOR FLOW-
0 THE DATA READ FROM UNIT 10
0 NOT CURRENTLY USED
l- INVENTORY AT RELEASE TIME
1 RESTRICTIONS PLACED ON THE TIME STEPS
0 LEC/ JUNCTION 6 JUNCTION /LEC CONNECTIONS
0 VELOCITY FIELDS FROM UNIT 11-
0 THE ATOM COUNT SUMMARY
0 JUNCTION PRESSURES & LEC FIDWRATES
0 LEC TO-LEG TRANSFER FRACTIONS
0- TIME SPENT AS EACH ISOTOPE IN A SUBCHAIN
O TIME-DEPENDENT SOURCE FLOWpATES
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Tcblo 4.18.

Sarnple Input File (Continued)

CROUP 2 PROBLEM SIZES
3 NUMBER OF NETWORK LECS
0 NUMBER OF NETWORK JUNCTIONS
3 NUMBER OF MICRATION PATH LECS
1 NUMBER OF DECAY CHAINS INPUI
3 NUMBER OF ELEMENTS INPUT

CHAIN 1 CHAIN 2 CHAIN 3 Cll'.IN4 CHAIN 5 CHAIN 6 - # MEMBERS PER CllAIN
3

CHN1 CHN2 CHN3 CilN4 CilN5 CHN6 - SRC/TRANS 0, SOURCE-1, NEITHER 2
0

CROUP 3 - SOURCE / FLOW PARAMETERS
1.0 FRACTION OF INVENTORY ACCESSED
0. PORE VOLUME CONTAINING SOURCE (ft**3)
O. PORE AREA OF SOURCE (ft**2)
1.0e 4 LEACH RATE (1/y)
O. DENSITY OF SOURCE FLUID (ib/f t**3)
O. PORE-AREA AT DISCHARGE (ft**2)

CROUP 4 - TIME PARAMETERS
1.0e4 TIME TO END OF SIMULATION (y)
O. TIME OF ONSET OF MICRATION (y)
O. TIME OF ONSET OF LEACHING (y)
O. TIME STEP % R SOURCE (y)

CHN1 CilN2 CilAIN3 CHAIN 4 CHAIN 5 CHAIN 6 - TRANSPORT TIME STEPS BY CHAIN
0.

CROUP 5 - INCREMENT DETERMINATION PARAMETERS
0 USE DEFAULTS (0) OR SUPPLY ALL (16) VALUES

Network Leg Properties Array

Leg Inlet Outlet Length Area Hydraulic Brine
# jet jet (ft) (sq-ft) K (ft/d) Conc.

1 1 2 50, O. O. O.

2 2 3 1000. O. O. O.

3 3 4 2000. O. O. O.

Migration Path Proporties Array

Leg Disp. DX Diffus? Hobile Immob Mass Xfer Velocity
# (ft) (ft) N/Y-0/1 Poros. Poros Coef(1/y) (ft/y)

1 100. O. 0 0. O. O. 0.1
2 0. O. 0 0. O. O. 1.0
3 0. O. 0 0. O. O. 0.5
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Table 4,18

Sample Input File (Cor.inued)

Decay Chains Array

Namo Atom Elo. Loc Par Par Frac Frac Inven lif-Lf Veigh
A6 Mass ment ndx #1 #2 Fromi From2 (C1) (y) Fac

'U234' 234 1 1 0 0 0. O. 1000. 2.4E5 0.
'Til230' 230 2 2 1 0 1. O. 2000. 7.7E4 0.
'RA226' 226 3 3 2 0 1. O. 3000. 1.6E3 0.

Element Properties Array

Elem. Solubility Leg Hobil Rd Immobile Rd
Index (g/g) #

1 0. I 1. O.
2 1. O.
3 1. O. |

2 0, 1 1. O. |

2 1. O. -j
3 1. O. '

3 0. 1 1. O.
2 1. O.
3 1. O.

SET 1 SET 2 SET 3 SET 4 SETS ARY1 ARY2 ARY3 ARY4 ARY5 RE READ FIACS 1->Y
1 0 0 0 0 0 0 0 0 0

PARAMETERS, CROUP 1 - OPTIONS, STANDARD PRINT, NONZERO -> PRINT
1 LIST OF ALL PARAMETERS
0 Tile NETWORK LEC PROPERTIES ARRAY
0 Tile NETWORK JUNCTION PROPERTIES ARRAY
0 Tite MICRATION PATil PROPERTIES ARRAY
0 Tile DECAY CilAIN PROPERTIES ARRAY
0 Tile ELEMENT PROPERTIES ARRAY
0 FLUID VEIDCITIES 6 SOURCE /DISCil FLOWS
0 SUBCilAINS, PRODUCTION 6 VELOCITIES
0 SPACE & TIME STEPS-AND SOURCE TYPE
I TIME DEPENDENT OUTPUT, IF +-N,'kATES/CONCS EVERY NTil TIME STEP
1 DISCilARCE SUMMARY

EXTERNAL FILES, NONZERO -> FILE WRITTEN / READ
1 WRITE SOURCE RATES (C1/y) TO (root).SRC (UNIT 25)
1 WRITE DISCllARGE RATES (Ci/y) TO (root). DIS, (UNIT 30)
0 NOT CURRENTLY USED
0 READ SAMPLED DATA FOR REPEATED TRIALS FROM (root) .SMP (UNIT 10)
0 READ TIME-DEPENDENT VELOCITIES 170M (root) . VEL (UNIT 11)

L 0 READ TIME DEPENDENT SOURCE FLOWRATES FROM (root) .QSC (UNIT 12)
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Table 4.18.

Sample Input File (Concluded)

RUN CONTROLS

0 USE DVM (0) OR ANALYTIC SOLN (NONZERO)
1 SOLVE NEWORK (0) OR INPUT VELOCITIES (NONZERO)
O LEACH (0), SOLUBILITIES (1), OR BOTH (2) FOR SOURCE RATES
0 FLOVrilRU (0), MIXCELL (1), OR Cil00SE (2.) FOR SOURCE RATES
1 CONSTANT (0) OR F.XPONENTIAL (1) LEACH RATE MODEL
0 FORCE (NONZERO) USE OF LEC TO-LEC TRANSFER A140RITitM

DEBUG PRINTS, NONZERO -> PRINT
0 DVM MULTIPLIERS FOR TRANSPORT, DISCHARCE, AND SOURCE
O DIAGNOSTIC INFO FOR SUBROUTINE BAND
0 DIAGNOSTIC INFO FOR FUNCTION CIT
0 MATRIX / VECTOR SYSTEM SOLVED FOR FLOW
0 THE DATA READ FROM UNIT 10
0 NOT CURRENTLY USED
0 INVENTORY AT RELEASE TIME
O RESTRICTIONS PLACED ON THE TIME STEPS
0 LEC/ JUNCTION 6 JUNCTION /LEC CONNECTIONS
0 VELOCITY FIELDS FROM UNIT 11
0 THE ATOM COUNT SUMMARY
0 JUNCTION PRESSURES 6 LEG F1hWRATES
0 LEC-TO LEG TRANSFER FRACTIONS
0 TIME SPENT AS EACH ISOTOPE IN A SUBCilAIN
0 TIME DEPENDENT SOURCE FIDVRATES

: - -

The network-for this problem consists of thrie legs connected end-to-
end, and the . same three legs provi6 the ' oigration path. Since the
flow network is not solved, it la not nescoscery to provide junction

_

data; that is, the number of junctions is sot to zero. One three-
member' decay chain is transported and the - 1s.otopes are of three
-distinct elements.

Based on the source run control- optiers , the only required entries
from the source and flow parameters are t.he access fraction and the
Ic4ch rate. Specifically,.the souren pose volume is not required (the
mixing. cell model la not activated), the - pore area of the source
regime is not required (neither the mixing cell nor solubilities are
treated), the. rource fluid density is not required (solubilities are
not treated), and the pore-area at discharge is not required (concen-
tration output is not requested).
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As indicated by the time parameters, simulation is to occur to 10000
years and leaching and fluid flow both start at closure (i.e.. zero
years). The time steps for source and transport calculations are to
be determined by the code.

Only the inlet and outlet junction numbers and the leg lengths are
used from the Network Leg Properties Array. Since diffusion from
mobile to immobile fluid is not treated for any of the legs in the
migration path, NEFTRAN 11 transports radionuclides over an average,
single porosity path. Thus, the dispersivity and space step are taken
from the first row of the digration Path Properties Array and the
remaining rows are ignored for these two columns. The space step is
input as rero which indicates that NEFTRAN II will determine the space
increment internally. Average species velocities are found using the
fluid velocities provided in the last column and the retardation
factors provided in the Element Properties Array. Mobile phase poros-
ities are not required (the network is not solved and diffusion is not
treated), immobile phase porosities are not required (diffusion is not
treated), and mass-transfer coefficients are not required (diffusion
is not treated).

The Decay Chains Array shows the three-member chain transported with
corresponding inventories and half-lives. The normalization
(weighting) factors are input as zero so the code defaults them to

,

unity. The element numbering scheme must be consistent with the
Element Properties Array. If there were additional isotopes of
uranium, for example, either in this chain or subsequent decay chains,
all should have element index equal to 1.

The Element Properties Array has NELM (-3) times NPATH (-3) rows. The
first row for each element has a different data list than the other
rows. Note that each element index in the Decay Chains Array has a
corresponding index in the Element Properties Array. Each leg-index
in the migration path is repeated for each element. As shown, all
elements are not retarded (i.e., R4- 1) for all legs in the migration
path. Solubilities are not required (only leaching of waste form is
treated) and immobile phase retardations are n-* required (diffusion
is not treateo).

With the reading of the ninth row of the Element Properties Array,
input of the first data set is complete. NEFTRAN II solves for source
and transport then returns to subroutine FILWIN to check for addi-
tional data sets. The second data set is initialized by a descriptive
header and flags indicating which data groups are to be re-read. For
the second data set, some of the options are disabled, but the change
of interest is the choice of leach models. For the second data set,
the exponential leach rate model is used to determine source rates

instead of the constant -leach rate model that was used in the first
data set.
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After reading the cptions, NEPTRAN 11 performs date chseking to hsip
ensure a consistent data set. The code then solves for source and
transport using the new options. Following that, it again returns to
subroutine FIDWIN to read another data set. At this point, since
there is no further input, an end of-file marker is detected and the
program terminates normally. >

>

.
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$.0 VERIFICATION AND SAMPLE PROBLFMS-

Three examples-of problems simulated with NEFTRAN II are presented in the
next three sections. The purpose of these sample problems is to demon-
strate the use of different features of the code, as well as to illus-
trate how NEITRAN II can be used to simulate dif ferent types of problems
(e.g., field scala, laboratory scale) . The sample problems are also
designed to illustrate the process involved in using NEITRAN II to model
real problems since, although NEITRAN II may appear simple to use, appli-
cations of it to real problems require as much thought and analysis as
using what might appear to be a more complex code. Each section will
include instructions for preparing each input file and each sample
problem is also compared with an analytical solution to verify that the
computer code has implemented the corresponding mathematical model
correctly.

5.1 Sample Problem.,, b DVM and Analytical Transoort Model

The first sample problem is designed to cenonstrate the use of the flow
network model, the use of both the DVM and analytical transport model,
the use of mult'iple data sets, and the ability of DVM to reproduce the
analvtical solution output. The problem is based on a hypothetical
Reference Site, as was presented by Campbell and others (1981b) in the
NWFT/DVM user's manual, SWIFT II (Reeves and others, 1986a, 1986b)
computer code simulations of the site were used to define the network
flow system in NEITRAN II and to ensure that the network flow model was
accurately representing the flow field. The following subsections will
present information about the Reference Site, how this information was
used to formulate the network flow model in NEFTRAN II, the input
required for this problem, and the resultant discharge rate curves for
each isotope.

, 5.1.1 Reference Site
!

The site is located in a symmetrical upland valley, half of which is
shown in Figure 5,1. The crest of the ridge surrounding the valley is at
an elevation of 6000 ft. The crest is a surface water and ground water

-divide. Therefore, ground-water movement in the valley is from water
that has fallen in the valley. The valley is drained by a major river,
River L, which is at an elevation of.2500 feet opposite the surfaca
structures of the repository.

The geology of the area near the site is shown in cross-section in Figure
5.2. The valley is underlain by crystalline bedrock which crops out over
a narrow strip lying at the ridge crest surrounding the . valley. The
bedrock is assumed impermeable to ground water flow. The bedrock is
overlain by a sequence of sedimentary rocks as shown in- Figure 5.2.

SWIFT II computer code simulations of ground-water flow at the Reference
Site were conducted. Figure 5.3 shows the direction of ground water flow
schematically. Flow in the upper sand and gravel aquifer is not shown
here as it is hydraulically isolated from the middle sand tone by the

1
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upper shale. With the exception of. disruptive events, the permeability
-c.f the shale and salt is sufficiently low that flow through there layers
is generally insignificant. A reduced representation of the Reference
Site (the outlined portion in Figure 5.2) was used in the SWIFT II
computer code simulations to find pressures. Figure 5.4 shows the
resultant pressure head distribution aad Figure 5.5 shows the gridding
used in the SWIFT 11 simulations.

Both Figures 5.3 and 5.4 suggest that flow in the middle and lower
sandstone aquifers (or some portion of them) can be adequately
represented by one-dimensional flow systems. Thus, the network flow
model contained in NEFTRAN II can be used to reproduce this flow system.

5.1.2 Network Flow Model

Figure 5.6 shows the NEFTRAN 11 network superimposed with the darker
lines on the Reference Site, and Figure 5.7 shows the NEFTRAN II flow
network for this problem with the corresponding leg and junction
numbering scheme. Legs 14 of the network are placed at the middle
shale / middle sandstone interface and 1 cgs 5-8 lie at the lower
shale / lower sandstone interface. Legs 9, 10, 11, 12,14 and 15 are used
to represent various disruptive features which affect the salt and shale

layers near the repository (leg 13) and connect the repository to the
overlying aquifer. The left-hand boundary of the network is taken as the
midpoint of Column 29 (Figure 5.6) in order to satisfy two restrictions.
First, it is of sufficient distance down dip from the recharge region to
ensure that the fluid flow has an insignificant vertical component.
Second, it is far enough up dip to ensure that most disruptive features
near the repository will not a f fec t the pressure boundary conditions.
The resulting emplacement of the NEFTRAN 11 flow network at the Reference
Site is critical to the input of boundary pressures, elevations, and leg
lengths.

5.1.3. Data Set #1

the input file for this sample problem is given in Table 5.1. Since
Chapter 4 gives detailed instructions for data input, only those input
parameters that are specific to this sample problem will be discussed in
this section. The user is reminded that, the read statements in NEFTRAN
II are lfsc directed; therefore, every parameter and array entry must be
assigned a value (i.e., a blank is not permissible).

Ontions

As indicated in Table 5.1, the user has requested for several different
quantities to be written to the hardcopy output file ((root).OUT) by
setting the corresponding option to one. Option 8 and 9 are set to zero
indicating that the decay / production and velocities of each subchain, and
the space step, ti.no increment and source type will not be written to the
output file. The user has also indicated to write the discharge rates to
an external file, troot). DIS, in the external file options.

5-5 I
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Tcblo 5.1.

Input File for Sample Problem #1

_

NEFTRAN II: SAMPLE PROBLEM #1 FOR USER'S MANUAL (PC VERSION)
PARAMETERS, CROUP 1 - OPTIONS, STANDARD PRINT, NONZERO -> PRINT 4

1 LIST OF ALL PARAMETERS
1 THE NETWORK LEG PROPERTIES ARRAY
1 THE NETWORK JUNCTION PROPERTIES ARRAY
I- THE MIGRATION PATH PROPERTIES ARRAY
1 THE DECAY CHAIN PROPERTIES ARRAY
1 THE ELEMENT PROPERTIES ARRAY
1 TLUID VEIDCITIES 6 SOURSE/DISCH FLOWS
0. SUBCHAINS, PRODUCTION & VELOCITIES

'- O f. PACE & TIME STEPS AND SOURCE TYPE
1 TIME DEPENDENT OUTPUT, IF + N, RATES /CONCS EVERY NTH TIME STEP
1 DISCHARGE SUMMARY

EXTERNAL FILES, NONZERO -> FILE WRITTEN / READ
0 VRITE SOURCE RATES (Ci/y) TO Croot).SRC (UNIT 25)
1 VRITE DISCHARGE RATES (CL/y) TO | root). DIS, (UNIT 30)
0- NOT CURRENTLY USED
0 READ SAMPLED DATA-FOR REPEATED TRIALS FROM (root) .SMP (L* NIT 10) ;

O READ TIME DEPENDENT VELOCITIES FROM (root). VEL (UNIT 11)
0 READ TIME-DEPENDENT SOURCE FLOVRATES CROM (root).QSC (UNIT 12)

RUN CONTROLS

1 USE DVM (0) OR ANALYTIC SOLN (NONZERO)
0 SOLVE NETWORK (0) OR INPUT VELOCITIES (NONZERO)
0 LEACH (0), SOLUBILITIES (1), C" BOTH (2) FOR SOURCE RATES
0 FLOWTHRU (0), MIXCELL (1), OR CHOOSE (2) FOR SOURCE RATES-

g
0 CONSTANT (0) OR EXPONENTIAL (1) LEACM RATE MODEL a

U
0 FORCE (NONZERO) USE OF LEG-TO-LEG TRANSFER A140RITHM

DEBUG PRINTS, NONZERO -> PRINT
0 DVM MULTIPLIERS FOR TRANSPORT, DISCHARGE, AND SOURCE
O DIAGNOSTIC INFO FOR SUBROUTINE BAND
0 DIACNOSTIC IFF0 FOR FUNCTION GIT
0 MATRIX /VECTOE SYSTEM SOLVED FOR FLOW
0 THE DATA READ FROM UNIT 10

-0 NOT CURRENTLY USED
.O INVENTORY AT RELEASE TIME
O RESTRICTIONS PLACED ON THE TIME STEPS
1 LEG / JUNCTION & JUNCTION / LEG CONNECTIONS
0 VEIACITY FIELDS FROM UNIT 11
0 THE ATOM COUNT SUMMARY
1 JUNCTION PRESSURES 6 LEG FLOVRATES
0 LEG-TO-LEG TRANSFER FRACTIONS
0 TIME SPENT AS EACH ISOTOPE IN A SUBCHAIN
0 -TIME-DEPENDENT SOURCE FIDPLATES

5-10
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Table 5.1.

Input File for Sample Problem #1 (Continued)

CROUP 2-- PROBLEM SIZES
16 NUMBER OF NETWORK LECS
13 NUMBER OF NETWORK JUNCTIONS

5 NUMBEk 0F MICRATION PATH LEGS
1 NUMBER OF DECAY CilAINS INPUT
3 NUMBER OF ELEMENTS INPUT

C} LAIN 1 CilAIN2 CilAIN3 CilAIh4 CilAINS CilAIN6 # HEMBERS PER CilAIN
3

Cl!N1 U11N2 Clin 3 CilN4 CilN5 Cl!N6 - SRC/TRANS 0, $0URCF-1, NEITilEh-2
0

GROUP 3 - SOURCE /FIDW PARAMETERS
1.0 FRACTION OF IINENTORY ACCESSED
0. PORE VOLUME CONTAINING SOURCE (f t**3)
O. PORE AREA 0F SOURCE (f t**2)
1.00 5 LEAcil RATE ()/y)
0. DENSITY OF SDURCE FLUID (1b/ft**3)
0, PORE AREA AT DISCHARGE (ft**2)

CROUP 4 - TIME PARAMETERS
1.0e9 TIME TO END OF SIMULATION (y)
0. TIME OF ONSET OF MICRATION (y)
0. TIME OF ONSET OF LEACI:ING (y)
O. TIME STEP FVR SOURCE (y)

CHN1 CllN2 CilAIN3 CilAIN4 CHAIN 5 CilAIN6 - TRANSPORT TIME STEPS BY CHAIN
0.

CROUPS - INCREMENT DETERMINATION PARAMETERS
0 USE DEFAULTS (0) OR SUPPLY ALL (16) VALUES

Netwerk Leg Properties Array

Leg Inle t Outlet Length Area liydraulic Brine
# jet jet (ft) (sq f t) K (ft/d) Conc.

1 1 4 1,45e04 6.e6 50, 0,
2 4 5 8.e03 6.e6 50. O.
3 5 10 3.8e04 6.e6 50. O.
4 10 3 1.e05 6.e6 50. O.
5 2 9 1.45e04 1.8e6 40. O.
6 9 11 8.e03 1.Be6 40. O.
7 11 12 3.8e04 1.8e6 40. O.
8 12 13 1.e5 1.8e6 40. O.
9 6 4 6 e02 7.07e2 0.1 0.67'

10 8 5 4.965e02 1.0 10.0 1.0
11 9 6 5.e2 1.0 1.67e-06 1.0
12 11 8 6.035e2 1.0 1.5e-06 1.0

.

k
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Table 5.1.

Input File for Sample Problem #1 (Continued)
'

-_-

13 6 7 4.e03 5.4e02 10.0 1.0
14 7 8 4.e03 5.4e02 10.0 1.0 .

15 12 10 1.le03 1.0 1.57c.06 1.0
16 13 3 1.le03 1.2e8 2.5 0.

Network Junction f>roperties Array
Jct. Elevation Veo m Press? Pressure
# (ft) Nc/Yo - 0/1 (psi)

1 3.60241e3 1 432.7
2 2.502/1e3 L 646.1
3 1.52589e3 1 432.7
4 3.41481e3 0 0,

5 3.31131e3 0 0.
6 2.81481c3 0 0.
7 2.81481e3 0 0,

8 2.81481e3 0 0,

3 2.31481e3 0 0,

10 2.81967e3 0 0.
11 2.21131e3 0 0.
12 1.71967e3' O 0.
13 4.2589e2 0 0.

Migration Path Properties Array

Leg Disp. DX Diffus? Mobile Immob Mass Xfer Velocity

# (ft) (ft) N/Y-0/1 Poros. Poros Coef(1/y) (ft/y)

13 500. O. 0 0.3 0. O. 0.0
14 0. O. 0 0.5 O. O. 0.0
10 0. O. 0 0.15 0. O. 0.0
3 0. O. 0 0.3 0. O. 0.0
4 0. O. t 0.3 0. O. 0.0

Decay Chains Array
Name Atom Ele- Loc Par Par Frac Frac Inven Hf-Lf Weigh

_n x #1 #2 Fromi From2- (C1) (y) FaceA6 Mass ment

'NP237' 237 1 1 0 0 0. O. 1000, 2.14E6 1. .

'U233' 233 2 2 1 0 1. O. 1000. 1.62E5 1.
'TH229' 229 3 3 2 0 1. O. 1000, 7.30E3 1.

5-12
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Table 5.1.

Input Pile for Sample Problem #1 (Continued)

k Element Properties Array
Elem. Solubility Leg Mobil Rd Immobile Rd
Index (g/g) #

1 0, 13 1, O.
14 1. O.
10 1. O.

3 6.357e'f 0.
4 6.357e2 0

| 2 0. 13 1. G.
14 1. O.
10 1. O.

3 6.357e2 0.
4 6.357e2 0.

3 0. 13 1. O.
14 1. O.
10 1. O.

3 6.357c2 0.
4 6.357e2 0.

SET 1 SET 2 SET 3 SET 4 SET 7 ARY1 ARY2 ARY3 ARY4 ARYS RE READ FLAGS 1->Y
1 0 0 0 0 0 0 0 0 0

PARAMETERS, CROUP 1 - OPTIONS, STANDARD PRINT, NONZERO -> PRINT
1 LIST OF ALL PARAMETERS
0 THE NETWORK LEG PROPERTIES ARRAY
0 THE NETWORK JUllCTION PROPERTIES ARRAY
0 THE MIGRATION PATH PROPERTIES ARRAY
0 THE DECAY CHA!N PROPERTIES ARRAY
O THE ELEMENT PRO'?ERTIES ARRAY
1 FLUID VC.LOCITIES & SOURCE /DISCH FLOWS
1 SUBCHAINS, PRODUCTION 6 VELOCITIES
1 SPACE 6 TIME STEPS AND SOURCE TYPE
1 TIME DEPENDENT OUTPUT, IF +-N, RATES /CONCS EVERY NTH TIME STEP
1 DISCHARGE SUMMARY

EXTERNAL FILES, NONZERO -> FILE WRITTEN / READ
0 WRITE SOURCE RATES (Ci/y) TO (root).SRC (UNIT 25)
1 WRITE DISCHARCE RATES (C1/y) TO (root). DIS, (UNIT 30)
0 NOT CURRENTLY USED

0 READ SAMPLED DATA FOR REPEATED TRIALS FROM (root).SMP (UNIT 10)
0 READ TIME-DEPENDENT VELOCITIES TROM (root) . VEL (UNIT 11)
0 READ TIME-DEPENDENT SOURCE F1DVRATES FROM (root).QSC (UNIT 12)

RUN CONTROLS

0 USE DVM (0) OR ANALYTIC S0lli (?!ONZERO)
0 SOLVE NETWORK (0) OR INPUT VELOCITIES (NONZERO)

5-13
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Table 5.1.

Input File for Sample Problem wi (concluded)

O LEACM (0), SOLUBILITIES (1), OR BOTil (2) FOR SOURCE RATES
0 FLOWTilRU 3), MIXCELL'(1), OR C}l0OSE (2) FOR SOURCE RATES
0 CONSTANT (0) OR EXPONENTIAL (1) LEACH RATE MODEL
0 TORCI (NONZERO) USE OF LEG.TO LEO TRANSFER A1DORITitM

DEBUG PR1 hts, NONZERO -> PRINT
0 DVM MULTIPLIERS FOR TRANSPORT, DIScilARCE. AND SOURCE
O DIACNOSTIC INFO FOR SUBROUTINE BAND
0 DIACNOSTIC INFO FOR WNCTION CIT
0 MATRIX / VECTOR SYSTEM SOLVED FOR FIDW
0 Tile DATA READ FROM troot),SMP
O NOT CURRENTLY USED
0 INVENTORY AT RELEASE TIME
O RESTRICTIONS PLACED ON Tile 71ME STEPS
0 LEC/ JUNCTION & JUNCTION / LEG CONNECTIONS
0 VEIDCITY FIELDS FROM (root) . VEL
0 Tile ATOM COUNT SUMMARY
0 JUNCTION PRESSURES 6 LEG FIDVRATES
0 LEC.TO.LEC TRANSFER FRACTIONS
0 TIME SPENT AS EACII ISOT0?E IN A SUBCilAIN
0 TIME. DEPENDENT FIDJRATES TilROUCll SOURCE RECIME

For the first data set, option 18 is set to one to implement the analyti.
e cal solution transport model contained in NEFTRAN 11 and not the DVM

transport model. This is the option that will change in the second data
set, which wil be dised o in Section 5.1.4 Option 19 is set to zero
which invokes the flow wt ark model. As discussed in Section 2.2, when
tbs analytical solution .ansport model is being implemented the source
todel contained in-NEFTRxN 11 is not-impicmented. Consequently,-options-
20 and 21 are not applicable and are set to zero, as indicated in Table
5.1. The option to invoke leg-to. leg transfer (option 23) is also not
applicable when the analytical transport model is being implemented,-and
is input as zero.

The next set of options shown in-Table 5.1 are the debug print options.
The user has requested for the Icg/ junction. anJ junction / leg connections,
and the junction pressurea and leg flow rates to 'e printed to the hard.
copy output file by setting options 32, and 35, respectively, to one. At
this point all the options that are required on input have been defined.

Parameters

The first set of parameters reyuired are the problem size parameters.
'

First, the size of the network needs to be defined, and therefore, the<

,
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number of network logs, nu-bor of notwork junctions, and number of nigra.
tion path legs are needed. As shown in Figure 5.7, there are 16 network
legs, and 13 netwoth junctions. The nigration path is assumed to occur
through legs 13, 14, 10, 3 and 4i therefore, 5 legs are in the migration
path. This path was chosen arbitrarily for this sample problete. How.

; ever, in practice. a prvicle tracker can be used with the flow simula.
'

tion results to c !ine the migration path in the netwerk.
| !
'

To finish defining the problem sire pa ratte te r s , the number of decay '

chains. the nun,ber of elements, ar.6 the decay chain inclusion indexes are
required. As Jndicated in Table 5.1, the user has input one decsy O *in
and three dif ferent elements. The chain inclusion index is not app 11
cable when the analytical transport model is being implemented, and,
therefore, is input as rero.

The next group of parameters shown in Table 5.1 is the source / flow param.
eters. Here, the user has indicated that the complete source be accessed
(i.e., t.he access fraction is equal to one) and that the leach rate is
1.0 x 104 y*1 In terms of the analytical transport model, the Icach
'Ame (e) for the conentration boundary condition is taken to be the
.eciprocal of the leacn rate. The remaining pararnet ers are not required
when the analytical transport model is being implemented and when output
cancentrations are not desired (option 10 is positive), and are input as
rero.

As shown in Table 5.1, for the time parameters, the user has indicated
that the s irnula tion time is one million years. and that releace and
leaching begin at time zero. The source anti transport time steps and the
increment determination parameters are not applicabic when the analytical
colution is kplemented and therefore zero is input for these parameters.

Network ter_ Properties Artjy

Table 5.1 presenta ne Network Leg properties Array. The first three
; columns of this at t v. are easily input based on the resultant NEf7RAN 11
l flow network ot' the Reference Site shwn in Figure 5.7. Column four
! requires the length of each leg. These lengths can be determined from

figure 5.6. Specifically, from the r1 ht edge of t.he repository to River6
L midpoint is 138000 ft (length of leg 3 + log 4). Repository length iw
8000 ft (length of leg 13 + leg 14) and is assumed to be level. Leg 14
is assumed to be part of the repository, but not to contain any vaste;
therefore, leg 13 is designated the source leg for transport and assumed
to be 4000 f t. From the left edge of the repository to the aquifer
inlets in the flow network is 14500 f t (length of les 1 and leg 5).
Vertical legs must maintain a total length of 1100 ft (longth o' leg 9 +
leg 11, leg 10 + leg 12, leg 15 and leg 16), Leg 15 is arid erarily
placed 136000 ft (length of leg 7 and leg 8) down dip from legs 10 and
12.

Coluran five - in the Network Leg properties Array requires the cross.
sectional area of each leg. For the Reference Site, tho aquifer vidths
are assumed to be that of the repository (6000 f t). Upper and lower
aquifer depths (1000 ft 'and 300 ft, respectively) can be found from

5 15
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Figura 5.6 ca v211 ce th) width of log 16 (20000 ft). B: sed on thie detc
the cross sectional areas of each leg are given by:

(legs 1 4) 1000 x 6000 - 6 x 105 ftz, (5,1)

(legs 5 8) 300 x 6000 - 1.8 x 106 ft*, (5.2)

(leg 16) 20000 x 6000 - 1.2 x 10' ftz, (5,3)

The rest of the legs were assigned arbitrary cross sectional areas since
those legs represent disruptive events that asy effect the flow syst ern.

The next required input for the Network Leg Properties Array is the
hydraulic conductivity of each leg (data coluran 6). The Reference Site
hydraulic properties used in the SWIFT 11 calculations are shown in Table
5.2. At stopriate hydraulic conductivities for legs 1, 2, 3, and 4 are
the horir :31 conductivity of the raiddle sandstone. The horizontal
conductiva.y of the lower sandstone is appropriate for legs 5, 6, 7, and
8. The horizontal conductivity of the repository area (leg 13 and Icg
14) is assumed to be the five orders of magnitude higher than the con.
ductivity of salt. As the hydraulic conductivity across the salt and
shale is essentially vertical, an effective vertical conductivity of salt
and shale to Icgs 9, 10, 11, 12, and 15 is assigned. Similarly, leg 16
represents vertical flow thrcugh portions of both the iniddle and lower
sandctone. The differing media can be viewed as providing resist.ance 1o
flow in series and therefore, one effective conductivity for the differ-
ing reedia can be found. For example, the effective conductivity of leg
16 is given by:

R s - Rg, + Pw (5.4)i ,

where Rg, is the total resistance to be assigned leg 16, R the resis-i t

tance of lower sandstone, Pw the resistance of middle sandstone,

ang:

b
i

R (5.5)-
,

g g3
ii

9 where L is the length (f t), K is the hydraulic conductivity (f t/ day),i i
tAg is the cross sectional area (f t ).

Substituting the appropriate values for each rnedia type into Equation 5.4
and rearranging Equation 5.5, the effective conductivity of leg 16 can be
found.

The last coltunn of input data needed for the Network Leg Properties Array
is the brine concentration (C) of each leg. The initerior legs are
asstuned to contain saturated brine (C - 1), except for log 9 (assumed C -
0.67), and the aquifer legs are assumed to be fresh water (C - 0).

5 16
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Tchte 5.2.

Reference Site Ilydraulic Properties

llorizontal llydraulic Vertical llydraulic
,

Conduetivity Conduettvity !

(ft/dny)
_.

(ft/ day) Porosity,_,,

Middle
Sandstonc 50 1.4 0.3

lower Shale 10 2 10 s 0,3

Salt 104 10 e 0,03

tower
Sandstone 40 7.0 0.3

,

!

{{etwork Junctinn 1rnoerties Array '

|

The next input array shown in Table 5.1 in the Network Junction Proper-
ties Array. The first column is a listing of each junction in ascending
order. The second column requires the elevation of each junction. To
find the elevations the SWIFT 11 simulations are used. SWIFT II flow
simulations accounted for the dip angle at the Reference Site. Using the
sine of this dip angle and the top center of the SW1PT II y axis grid
blocks as measuring points, the grid block distance vertically (i.e., y -
O_to y - 29) in 140000 ft. Since the elevation of the first grid block
is known to be 6514 ft, the elevation of the bottorn grid block is given
by:

6514 ft - 140000 ft * sino(dip angle) - 4702 ft. (5.6) 1

The elevation of junction 1 (the upper aquifer inlet) is therefore,

4702.41 ft 1100 ft - 3602 ft. (5.7).

With- this re ference point, the leg lengths and dip angle are used to,

determine the remainin6 junction elevations.
,

; The next colu:nn in the Network Junction Properties Array is the flag that
{- indicates whether the pressure _is known at that boundary. For this flow

nework, pressures at elevation for junctions 1, 2 and 3 are required -

boundary conditions for the network - flow nodel. The re fore , the flag is
set to 1 for junctions 1, 2, and 3 in the third column of the Junction
Properties Array.

|
'

|
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Nsxt, in the Network Junction Proporties Array is the actual pressuro
values for the boundary junctions (in this case, junctions 1, 2 and 3) .
There pressures are taken from the output of the SWIN 11 simulation of
the Reference Site. SWIFT 11 calculates pressures at the top center of
each grid block. Junctions 1 and 2 correspond directly to grid blocks in
the SWIFT 11 simulation. Junction 3 is treated somewhat differently.
The SWIFT 11 output indicates that pressures along the elevation of

65 with a value ofJunction 3 show little change from columna 29 -

approximately 433 psi (see rigure 5.5) . However, from columns 66 69-

pressures increase in order to drive the flow upward to River L. The
discharge point in NENRAN 11 is 1100 ft below River L; c onsequer*1y ,
there is no need for NETTRAN 11 to simulate the pressure increase
indicated by SWIFT II. Therefore, the pressure at Junction 3 is assumed
to be approximately 433 psi. NENRAN 11 flow calculations are more
similar to those of SWIN 11 when the input outlet pressure is assumed to
be constant and not to increase.

Mirration Path Properties Array

The next array shown in Table 5.1, is the Migration Path Properties
Array. The first column in this array is the leg number for each leg in
the migration path. These leg numbers are in reference to the flow net-
work and, as defined arbitrarily, are legs 13, 14, 10, 3 and 4. The next
column in this array requires a dispersivity for each leg. When the
analytical solution is being implemented, the only dispersivity that is
utilized is the one input for the first leg. As Table 5.1 indicates, a
dispersivity of 500 ft is assumed for this problem. The next column in

"the Migration Path Properties Array is the space step column which is not
applicable when the analytical solution is being implemented. Implemen-
tation of the matrix diffusion model is also not relevant for the analyt.
ical solution transport model and, therefore, data input for the fourth,
sixth, and seventh columns of this array are noe pertinent and are input
as zero.

The column in this array that does requires input data is the mobile
phase porosity column. The porosity of legs 3 and 4 are taken from the
values for middle sandstone in Table 5.2. The repository, legs 13 and
14, is-assigned a porosity one order of magnitude higher than salt, and
the leg 10 porosity is assumed to be 0.15. For the last column in this
array, zeroes have been input, since thr network flow model has been
implemented and the user does not need to input pore velocities.

Decav Chain Array

The next array to be presented in Table 5.1 is the Decay Chain Array.
The decay chatn that 4s being transported for this sample problem is
*HNp * 233U * * Th . For each of these three isotopes, the user has
supnlico: 1) un isotopic name, 2) the atomic mass of the isotope, 3) an
element !-dex, 4) a local decay chain index, 5) the local index of parent
number i and 2, 6) the fraction from parent number 1 and 2, 7) the
inventory, 8) the half life and 9) the weighting factor. For this chain,

2330 and mTh each have one parent and each parent decays completely into
the daughter (i.e., the fraction from parent number 1 is one). The user

5 18
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i

l has input 1000 Ci initial inventory and a weighting f actor equal to one
' for each isot.,pe,

j ElerrenL, Properties Array

The last array to be read in the input file shown in Table 5.1, is the
Element Properties Array. The first column is the element index that is
equivalent to the element index defined in the Decay Chain Arrey, The-

i solubilities and the immobile retardation factors tequired for this arrsy
i are inpn as zero since this data is not relevant for the analytical

solution impicmentation, for the mobile phase retardation factors, the
only 1 cgs that retard any of the isotopes are lega 3 and 4, and for all
three isotopes, the retardation factor in these legs is input as 635.

j Implementation of the analytical solution transport model requires that
the retardation factors are equal for all isotopes.

! 5.1.4 Data Set #2

The next input shown in Table 5.1 is the array (INp) that indicates which
input data group will be changed for the next data set. As indicated in
Table 5.1, the only data input that vill be modified for the next. data
set is SET 1, the options, for the first group of options, the standard
print options, the user has indicated that the input arrays vill not be

! vritten to the output file by setting the corresponding options to zero.
The user has requested other information to be printed to the output file
by setting the corresponding options t.o one.

The next set of options that are different from the first data set are
the run options. Here, the most significant change between the data sets
'. s accomplished by implementing the DVM transport model instead of the
ar.nly tic al transport model (i.e., setting option 18 to zero instead of
one). As discussed in Section 2.3, when the DVM transport model is being
implemented, the source model contaired in NETTRAN 11 is utilized. Con-
sequently, options 20 and 21 are relevant. for the second data set. In
Table 5.1, option 20 equal to zero indicates that only leaching vill be
modeled in determining DVM source rates, and option 21 equal to zero
indicates that the flow through source model vill be used to distribute
the source into the source leg (see Section 2.4.6). Option 23 is input
as zero which indicates that the leg to leg transfer model vill not be
implemented for DVM transport. Therefore, DVH transport will be simula-
ted using leg averaged properties (see Section 2.4). Finally, the debug
print options are changed so that no debug information is written to the
output file for the second data set. The rest of the required input for
this second data set is taken from the data input in the first data set.

In the first data set the user input a zero for some data entries to
indicate that these data were not relevant for the analytien1 transport
model. By changing the run option to t.he DVM transport model, the zeroes
that were input in the first data set may have different meanings when
used in the second data set. For example, the zeroes that vore input for
the source time step and transport time step indicate that. the code is to
determine these time steps internally for the DVM transport model, Other
examples can be found in the Migration Path Array (e.g., space step) and
the Element properties Array (e.g. , solubility limit) .

5 19
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5.1.5 Results

An example of the output f11e for this sample problem can be found in
Appendix E. As requested by the user on input, the first infornation
written to the output file is the input quantities. The user should note
that warnings are written to the output file if data inconsistencies are
found but are not fatal. This occurs when data is input but is not used
(i.e., if dispersivities would have been input for each leg). The
remainder of the output file contains the output information the the user
has requested.

Figure 5.8, Figure 5.9 and Figure 5.10 show the resultant discharSe rate
curves for 237Np, 2330 , and mTh , respectively. Each figure contains the
results obtained utilizing the analytical transport model and the DVM
transport model contained in NEITRAN II. Agreement between the two solu.
tions, for each isotope is quite good and indicates that, for this
problem, the DVM transport model reproduces results obtained by an
analytical solution. Therefore, the code has ireplemented the m 'mtra t i -
cal model (the convective dispersion equation) correctly.

5.2 Esple Problem 2 Matrix Di fusion

The purpose of this sample problem is to demonstrate the matrix diffusion
model capability in NEFTRAN II, and by comparing results to an antlytical
solution, to verify that the matrix dif fusion model contained in NEFTRAN
11 has irr.plemented the mathematical icodel correctly. This problem also
illustrates the process of equatir(, input variables required by the
analytical solution to NEf7 rad 11 input variables.

As discussed in Section 2.4.10, the conceptual model for the matrix
diffusion inodel contained in NEETRAN II consists of assuming that two
phases are present in the transport system, a mobile and an immobile
phase. The immobile phase serves as a diffusive sink / source for solutes
that are being transported in the mobile phase. This conceptual inodel
could be used to represent transport through connected / dead-end pores,
liquid / vapor, and fractures / matrix systems. An analytical solution for
this conceptual model is given by van Genuchten and Vierenga (1976) and
is used for comparison in this sample problem.

The input required for the analytical solution is taken from van
Genuchten and Vierenga (1976) and is listed as follows:

q - volumetric flow velocity - 10 cm/ day

2D - dispersion coefficient - 30 cm / day

p - bulk density - 1.30 g/cm3

L - length of column - 30 cm

f - fraction adsorption sites in mobile region - 0.40

5 20
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a - cass trcnsfer coefficient - 0.15 day -1

Tg - dimensionless pulse period - 3.0

K - distribution coefficient - 0.5 ca'/g

4 - fraction mobile water = 0.65

# - water content - 0.40

f, - di - mobile phase water content - 0.26

f . - # . f. - immobile phans water content - 0.14t

Before these data can be input. into a NEFTRAN 11 input file, several
conversions must be performed to determine the equivalet,e NE}TRAN 11
input variables. Each variable given above, and the equivalent NEITRAN
11 required input la as follows.

1, water content * porosities

The mobile and immobile water e , uven above are equivalent to the
mobile and immobile porosities tequ4 red by NEf7RAN 11,

2. adsorption data * retardation factors

Utilizing the fraction of adsorption sites in the toobile phase, the bulk
density and the distribution coefficient given above, the mobile (P ) andy
immobile phase (Rg.) retardations required by NEITRAN 11 are

R, - 1 + , (5.8),

and

I *I
Rim-14 e (5.9),

g

respectively.

3. volumetric fluid velocity * pore velocity

In NEFTRAN II, assuming a unit cross sectional area, the volumetric fluid
velocity given above is equivalent to the Darcy velocity, Therefore, the
pore velocity through the migration path is

v, - f , (5.10)
,

m ;
I J
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which cust be converted f ros c::/ day to f t/yr for input into NEITRAN !! . !
'by inputting the pore velocity directly into NEITRAN 11, the network flow

model is not used and the Network Junctions Property Array does not need
to be input (set number of junctions equal to rero).

Also, due to the unit cross sectional area, the fluid volumetric flow
rate (4) through the source, that will be needed to determine source
parameters subsequently, is equivalent to q.

4. dispersion coefficient * dispersivity

NEITRAN 11 requires input of the dispersivity based on

D-av (5.11).

Therefcre, using the dispersion coefficient given above, the correspond-
ing distersivity a can be found from

;

a E- (5.12) 1
,

#
m

where a in centimeters must be converted to feet for input into NE}TRAN
II.

5. mass transfer coefficient -e mass exchange coefficient

The mass transfer coefficient given above is equivalent to the mass
exchange coeff!.clent used in NEl' IRAN 11 except for units (day-1 must be
converted to y -) .

6. length of column -* migration path

Since the network flow model is not being implemented, the flow network
is _ structured only with regard to the migration path. NEITRAN 11
requires a minimum of two legs in the migration path, where the first leg
acta as a source leg, consequently, the network is structured to contain
two legs which is equivalent to the two legs in the migration _ path. The

,

only inpnt needed for the Network Properties Array is the length of the
-first and second leg. The length of the column given above and the
length of the at ,nd leg in the migration path are equivalent except for-
the units (cen'. ters must be converted to feet). The~ length of the
source Icg is assumed to be 10% of the length of the second leg. This is
based on making the first leg as small as possible since it is not physi-
cally representing any part of the column, but not too small that the DVH-
model (e.g., time or space step criteria) is effected.

7. no decay -+ half-life

The van Genuchten and Wierenga (1976) analytical solution does not
include radioactivo decay. To accomplish this in NEFTRAN 11, the half-
life of the input solute should be set relatively high compared to the
simulation time, to ensure that decay of the solute does not occur during
the simulation.

5 25

_ _ . _ . _ , . . _ - . _ .. - . - _ _ . _ _ _ _ _ _ _ _ _ . . _ _ _- _



- . - - . . - - - - . . - . - - - - - - . _ . _ . - . - - _ - - - -

<

.

8. pulse tims * 1each rate
3

j -To approximate the constant flux boundary condition for the analytical ,

| solution (see van Genuchten and Wierenga), the constant loach limited :

only, flow through source model should be implemented in NEITRAN 11, by !

inputting the appropriate run options. Consequently, one of the required ;
'

source input parameters is the leach rate. The pulse time given above is ,,

in dimensionicas pore volume units. This is equivalent to
'j.

,

'

g - [4
v

,

(5.13)T
1

.

i

9

where ti is the leach time (in days) . Solving for this leach time and
taking the reciprocal is the constant leach rate required by NEITRAN 11 ;

!(days must be converted to years).

9. unit source concentration * initial inventory
,

l Part of the boundary condition for the analyt.ical solution is a constant
unit source concentration throughout the pulse period. Requiring a unit

I source concentration is equivalent in NETTRAN 11 to requiring that the ;

source rate - S (C1/yr) be equal to the volumetric flow rate Q (f t?/y)
~

j- throughout the leach time, with no decay. In other words, S divided by Q
must equal 1. In NEITRAN 11 the source re'- 'or a leach limited only
source model is given by

C
'

S- (5.14)
1

,

where Cg is the initial inventory, Therefore, substitut.ing S equal to Q,
the initial inventory is

'

C, - Q t g (5.15)

Recall that Q is equivalent to q given above, assuming a unit cross-
sectional area (convert from em/ day to ft/y).

Applying the above conversions, _- the resultant NEPTRAN _II ' input file is
shown in Table 5.3 and the output file is shown in Appendix E. Because
the objective of this problem was to compare the NETTRAN 11 results-- to
the analytical solution results, the resultant NEFTRAN II discharge rates
for the solute are converted to dimensionless times and relative concen--

trations. Figure 5,11 shows the breakthrough curve for both the analyti-
cal solution and the NEITRAN 11 simulation. NETTRAN 11 reproduces the
analytteal solution quite well verifying that, for - this data set, the

' matrix ' diffusion model in NETTRAN II is a correct represer.tation of the
; mathematical governing equations presented by van Genuchten and Wierenga
'

(1976).
:

>
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i

!

I

Tablo 5.3. !

Input File for Sample Problem #2

i
i

NEFTRAN II: SAMPLE PROBIIA #2 FOR PC USER'S MANUAL (PC VERSION)
PARAMETERS, CROUP 1 . OP". IONS, STANDARD PRINT, NONZERO => PRINT '

1 LIST OF ALL PARAMF'(ERS
1 THE NETWORK LEC PiOPERTIES ARRAY '

1 Tile NETVORK JUNC' TION PROPERTIES ARRAY
i Tile MIGRATION P/.Til PROPERTIES ARRAY
1 THE DECAY CllAIN PROPERTIES ARRAY
1 Tile ELEMENT PROPERTIES ARRAY
1 FLUID VELOCITIES & SOURCE /DISCH FIhVS
1 SUBCMAINS, PRODUCTION 6 VEIDCITIES
1 SPACE 6 TIME STEPS AND SOURCE TYPE
I TIME DEPENDENT OUTPUT, IF + N, RATES /CONCS EVERY NTil TIME STEP *

1 DISCHARGE SUMMARY ;

EXTERNAL FILES, NONZERO -> FILE VR11 TEN / READ I

O WRITE SOURCE RATES (C1/y) TO (root).SRC (UNIT 25)
1 VRITE DISCllARGE RATES (C1/y) TO (root). DIS, (UNIT 30)
0 NOT CURRENTLY USED *

O READ SAMPLED DATA FOR REPEATED TRIALS FROM (root).SMP (UNIT 10) _,

O READ TIME DEPENDENT VELOCITIES FROM (root). VEL (UNIT 11) '

O READ TIME DEPENDENT SOURCE FIhWRATES FROM (root) .QSC (UNIT 12)
RUN CONTROLS

0- USE DVM (0) OR ANALYTIC SOLN (NONZERO)
1 SOLVE NETWORK (0) OR INPUT VEIACITIES (NONZERO)
0 LEACH (0), SOLUBILITIES (1), OR BOTl! (2) FOR SOURCE RATES

,

O FIDVTl!RU (0) - MIXCELL (1), OR CHOOSE (2) FOR SOURCE RATES *

O CONSTANT (0) OR EXPONENTIAL (1) LEACil RATE MODEL
0 FORCE (NONZERO) USE OF LEC TO LEG TRANSITR A140RITitM

DEBUG PRINTS, NONZERO ,> l'RINT
0 DVM MULTIPLIERS FOR TRANSPORT, DISCllARGE, AND SOURCE *

O DIAGNOSTIC INFO FOR SUBROUTINE BAND >

0 DIACNOSTIC INFO FOR FUNCTION GIT
0 MATRIX / VECTOR SYSTEM SOLVED FOR FIDW
0 Tile DATA READ FROM UNIT 10
0 NOT CURRENTLY USED
0 INVENTORY AT RELEASE TIME
1 RESTRICTIONS PLACED ON THE TIME STEPS
0 LEG / JUNCTION 6 JUNCTION / LEG CONNECTIONS
0 VELOCITY FIELDS FROM UNIT 11

'
1-- THE ATOM COUNT SUMMARY-
O JUNCTION PRESSURES & LEC FLOVRATES
0 LEG TO LEG TRANSFER FRACTIONS
1 TIME SPENT AS EACil ISOTOPE IN A SUBCMAIN
0. "iME DEPENDENT SOURCE FIhWRATES .

GROUP 2 .- PROBLEM SIZES
2 NUMBER OF NETWORK LEGS

>
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Table 5.3.

Input File for Ssuple Problem #2 (Continued)

0 NUMBER OF NETWORK JUNCTIONS
2 NUMBER OF MICRATION PATil LEOS
1 NUMBER OF DECAY CilAINS INPUT
1 NUMBER OF ELEMENTS INPUT

Cl!AIN1 CilAIN2 CilAIN3 CilAIN4 CllAIN5 CHAIN 6 # MEMBERS PER CilAIN
1

CHN1 CllN2 CllN3. Cl!N4 CHN5 CllN6 . SRC/TRANS 0. SOURCE 1, NEITilER 2
0

CROUP 3 SOURCE /TIDW PARAMETERS
1.0 FRACTION OF INVENTORY ACCESSED
0. PORE VOLUME CONTAINING SOURCE (ft**3)
O. PORE AREA 0F SOURCE (ft**2)
101.458 LEACll RATE (1/y)
O. DENSITY OF SOURCE FLUID (Ib/f t**3)
O. PORE AREA AT DISCilARGE (ft**2)

-CROUP 4 TIME PARAMETERS
2.628e 2 TIME TO END OF SIMULATION (y)
O. TIME OF ONSET OF MICRATION (y)
O. TIME OF ONSET OF LEACilING (y)
O. TIME STEP FOR SOURCE (y)

.CilN1 CllN2 CilAIN3 CilAIN4 CilAIN5 CilAIN6 + TRANSPORT T!HE STEPS BY CllAIN
0.

CROUP 5 INCREMENT DETERMINATION PARAMETERS
0 USE DEFAULTS (0) OR SUPPLY ALL (16) VALUES

Network Leg Propertles Array
Leg Inlet Outlet Length Area Hydraulle Brine

a jet jet (ft) (sq.ft) K (ft/d) Conc.

I 1 2 0.098425 0. O. O.
2 2 3 0.98425 0. O. O.

Migration Path Properties At ay
'

leg Disp. DX Diffus? Mobile Immob Mass Xfer Velocity
# (ft) (ft) N/Y-0/1 Poros. Poros Coef(1/y) (ft/y)

1

1 2.559e 2 0. 0 0.00 0. O. 460,889

2 2.559e 2 0. 1 0.26 0,14 301.331 460.889

Decay Chains Array
Name Atom Ele- Loc Par Par Frac Fra' Inven lif Lf Weigh
A6 Mass ment ndx #1 #2 From1 From2 (C1) (y) Fac

' SOLUTE' 243 1 1 0 0 0. O. 1.1811 3000. 1.
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Table 5.3.

Input file for Sample Problem #2 (Concluded)

Element Properties Array
Elem. Solubility 1.e g Mobil Rd Immobile Rd

'
Index (g/g) #

1 0. 1 1.0 0,

2 2.0 3.786

53 garrole Problem 3 Tire denendent DVM Velocities

The purpose of this sample problem is to demonstrate the ability of-
NEFTRAN Il to transpor' radionuclides in a time. varying flow field and to
verify that the DVH transport model is !"piemented correctly for time-
dependent velocity conditlons.

The analytical solution that is used for the comparison is given by ,

Gelbard (1989). The solution is - developed for arbitrary time dependent
fluid flow velocities and dispersion coefficients, liowever, the solution
is constrained to radionuclides that have identical retardation factors.
The boundary and initial condition for the analytical solution are an
instantaneous release of radionuclides at tiene zero from a region h $ x

S 0.

Table 5.4 shows the NEFTRAN 11 input file for this sample problem and
Table 5.5 abows the external file that contains the time-varying velocity
data. The output file for this sample problem is shown in Appendix E.

'An attempt was made to use input parameters that may be representative of
a HIN repository located in unsaturated, fractured media. Thi s - - i s'

indicated in the following discussion by including the reference for the
' data that was used, llowever; the results should not be considered as

indicative of the performance of such a repository.

As shown in Table 5.4, the simulation time for this problem is 80000
years. As indicated in Table 5.5, initially, a constant fluid flow
velocity of 3.0 cm/yr (Travis and others, 1984) is assumed. At 50000

'

years the fluid flow velocity is doubled. The' basic underlying assump-
tion for - this problem is that the flow direction does not change with
time, but only the magnitude of the velocity is time dependent.

The migration path length is taken to be 200 m (Travis and others, 1984),
.

which is equivalent to the-length of the~second-leg. The length of the '

first leg in thy migration path, the source leg, is assumed to be 10% of
the length of the second leg. This is done because the analytical
solu *lon d<Hs not account for transport in the source regime, and there- .

fore. the firct leg should be as short as possible without affecting the
DVH tranaport model. The dispersivity for each leg is assumed to be 104 ,

of the length of the leg.
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Figure 5.11. Breakthrough Curve for Sample Problein #2
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i

Trcnzport is siculated for th3 thros morbor chain of 843Am, asePu cnd 8850,
with half lives of 7593 years, 24400 years and 7.1 x los years,
respectively, and initial inventories of 6.0 x 105 CL,1.3 x 107 C1, and
7.5 x 108 C1, respectively. These inventories correspond to the amount
of HLV that uay be placed in a ill,V repository (Sinnock and others,1984).
A retardation factor of 19 is assumed for all the radionuclides.

Table 5.4.

Input File for Sample Problem w3

_

~ NEITRAN II SAMPLE PROBLEM #1
PARAMETERS, CROUP 1 OPTIONS. STANDARD PRINT, NONZERO -> PRINT

1 LIST OF ALL PARAMETEPS
1 Tile NETWORK LEG PROPERTIES ARRAY
1 Tile NETWLdK JUNCTION PROPERTIES ARRAY
1 -Tile MICRATION PATH PROPERTIES ARRAY
1 THE DECAY CilAIN PROPERTIES ARRAY
1 THE ELEMENT PROPERTIES ARRAY
1 FLUID VEIhCITIES & SOURCE /DISCH FLOWS
1 SUBCilAINS, PRODUCTION & VELDCITIES
1 SPACE & TIME STEPS AND SOURCE TYPE

10 TIME DEPENDENT OUTPUT, IF 4 N, RATES /CONCS EVERY NTH TIME STEP
1 DISCHARCE SUKMARY

EXTERNAL FILES, NONZERO -> FILE VRITTEN/ READ
1 VRITE SOURCE RATES (Ci/y) TO (root) SRC (UNIT 25)
1 VRITE DISCMARGE RATES (Ci/y) TO (root). DIS, (UNIT 30)
0 NOT CURRENTLY USED
0 RE8.D SAMPLED DATA FOR REPEATED TRIALS FROM (root).SMP (UNIT 10)
1 READ TIME DEPENDENT VEIDCITIES FROM (root). VEL (UNIT 11)
0 READ TIME-DEPENDENT SOURCE FIDVRATES FROM (root).QSC (UNIT 12)

RUN CONTROLS

0 USE DVM (0) OR ANALYTIC SOIR (NONZERO)
1 SOLVE NETVORK (0) OR INPUT VEIhCITIES (NONZERO)
0 LEACH (0), SOLUBILITIES (1), OR BOTil (2) FOR SOURCE RATES
0 FLOWTilRU (0), HIXCELL (1), OR CHOOSE (2) FOR SOURCE RATES
0 CONSTANT (0) OR EXPONENTIAL (1) LEACH RATE MODEL ,

O. FORCE (NONZERO) USE.0F LEG TO LEG TRANSFER AILORITHM

DEBUG PRINTS, NONZERO -> PRINT
0 DVM MULTIPLIERS FOR TRANSPORT, DISCHARCE, AND SOURCE
O DIAGNOSTIC INFO FOR SUBROUTINE P,AND
0 DIAGNOSTIC INFO FOR FUNCTION GIT
0 MATRIX / VECTOR SYSTEM SOLVED FOR FLOV
O Tile DATA READ FROM UNIT 10
0 NOT CURRENTLY USED
0 INVENTORY AT RELEASE TIME

5 31
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Tcble 5.4,

input File for Saraple Problem w3 (Continued)

1 RESTRICTIONS PLACED ON Tile TIME STEPS
0 LEC/ JUNCTION 6 JUNCTION /LEC CONNECTIONS
1 VEthCITY FIELD $ FROM UNIT 11
0 Tile ATOM COUNT AUMMARY
0 JUNCTION PRES $1' AES 6 LEO FLOWRATES
0 LEG TO.LEC TRA!M ER FRACTIONS
0 TIME SPENT AS -:.AC { ISOTOPE IN A SUBCilA1H
0 TIME DEPENDENT S0bRCE FIM' RATES

CROUP 2 PROBLIM SIZES
2 NUMBER OF NETWORK 1 0S
0 NUMBER OF NETWORK JUNCTIONS
2 NUMBER OF MICRATION PATil LECS
1 NUMBER OF DECAY CllAINS INPUT

'
3 NUMBER OF ELEMENTS INPUT

CliAINI CilAIN2 CilAIN3 CilAIN4 CllA1.l$ CilAIN6 # MEMBERS PER CilAIN
3

CllN1 CIIN2 Cl!N3 CilN4 CilNS CilN6 SRC/TRANS 0. SOURCE 1, i>E1 tiler-2
0

GROUP 3 SOURCE /FIDW PARAMETERS
1.0 111ACT10N OF INVENTORY ACCESSED
0. PORE VOLUME CONTAINING SOURCE (ft**3)
O. PORE. AREA 0F SOURCE (f tt*2)
1.0e 4 IJACil RATE (1/y)
O. DENSITY OF SOURCE FLUID (1b/f t**3)
0. PORE.ARFA AT DISCllARCE (ft**2)

CROUP 4 TIME PARAMETERS
8.004 TIME TO END OF S1HU1ATION (y)
O. TIME OF ONSET OF MIGRATION (y)
O. TIME OF ONSET OF LFACil1NG (y)

1000.0- TIME STEP FOR SOURCE (y)
CilN1 CllN2 CllAIN3 CilAIN4 Cl|AIN5 CllAIN6 TRANSPORT TIME STEPS BY CilAIN
1000.0

CROUPS INCREMENT DETERMINATION PARAMETERS
0 USE DEFAULTS (0) OR SUPPLY AL1, (16) VALUES

Network Leg Properties Array

leg Inlet Outlet LenSth Aren Ilydraulie Brino
w jet jet (ft) (sq.ft) E (ft/d) Conc.

I 1 2 1,5 0, 0, O.
2 2 3 656. O. O, O.
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I

Table $.4.

Input File for Sample Problem e3 (Concluded)

|

Migration Path Properties Array

Leg Disp. DX Diffus? Mobile Immob Mass Xfer Velocity
w (ft) (ft) N/Y-0/1 Poros. Poros coef(1/y) (ft/y)

?

1 1.0e $ 0, 0 0. O. O. 0.0
2 100 1.$ 0 0, 0. O. 0.0 j

Decay Chains Array

Name Atom Ele. loc Par Par Trac Frac Inven Hf*Lf Weigh
A6 Mass mont ndx #1 #2 From1 from2 (Cl) (y) Fac

'AM243' 243 1 1 0 0 0. O. 6.063c5 7.$93c3 -1.0
'U239' 239 2 2 1 0 1. O. 1.301e7 2.44E4 1.0
'U235' 235 3 3 2 0 1. O. 7.463e2 7.100E8 1.0

;

Element Propertics Array -i

Elem. Solubility Log Mobil Itd Immobile Rd
Index (g/g) w

1 0. I 19. O.
2 19 O.

2 0. I 19. O,
!2 19. O.

3 0, 1 -19. D. ,

2 19. O. *

5

k

Table $.$.

External File of Time Varying Velocity Data i

50000. 1 0.098 1. *

2 0.098 1.
60000. 1 0.196 1,

2- 0.196 1.

!

I

I
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Tor this sattple problem, the source todal is assumed to be a constant
leach limited, flow through source. This model is the best approximation

.

to the instantaneous (in time) source boundary condition of the analyti-
cal solution. However, the transport tiene step is also relevant for this
approxitaat ion , since the source rate for each isotope is ecsentially
" smeared" over the transport time step, Therefore, the transport time
etep also needs to be relatively small to try to approximate the source
boundary condition. In relation to the DVH transport model, it is diffi- "
cult to make the time step significantly small to approxitnate the instan-
taneous source, since numerical dispersion increases with decreasing time
step (see Section 2.4.5).

Figure $ 12 shows the resultant discharge curves for 8*8Am. mpu, and mU
f rota NETTRAN 11 and f rom the analytical solution. The overall agreement
between the analytical solution and NEITRAN 11 is reasonable. The slig,ht
discrepancy may be due to NE17RAN 11 not being abic to simulate the
instantaneous sourco term accurately. However, what is significant is
that NEITRAN II is reproducing the general shape of the analytical
solution near the time the velocities are changing. This verifica that
the DVM transport inodel for time dependent fluid velocity conditions has
implemented the corresponding tenthetnatical model correctly.

7
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APPENDIX A
' i

Species Velocity Model;

e

B

Application of the DVH transport model to a radioactive decay chain :
. requires a method for determining the average velocity of atoms that 4'

decay to daughter products during a time step, At. Consider a chain
13 -* 13* ..*I. Without loss of generality, the subscripts can be.

used to ident1[y the chain (i.e., 1+ 2 -* . . . -* p ) . The decay rate
-

constants are denoted by A , A , .., A,. !
<

3 3

r

for a given velocity interval in the calculation of species velocities,
the averaged velocity for particles that be6 n At as species 1 and and At1

as species p, v (1, . . . , p), is given by

1 E
p) - gE -T v (A.1)v,(1, . . .,

g g
1-1

where T is the average time spent as species i during At, v theg g
P

velocity of the species, and E -g - AtT .

1-1
,

In order to find the particle averaged velocities, T3 must be determined
for each isotope 1.

If species 1 survives decay to time t , decays to species 2 at that time,3 ;survives as species 2 to time ta, decays to species 3 at that time, etc.,
; then, 0 - to < t < t < . . . < t, - At and the probability that species i .

!

I( I I'I] *

|- - survives decay over its allotted time is- e

The probability that species i decays to species 141 over an infinitesi-
mal time interval, dt , is given by A3i dt .g

,

Thus, the probability that species 1 decays ' to species _ p over At, *
(1, ..., p At), is the multiple integral of the product of the following
independent probabilities, *

!

A (t1t3,3) p 1 p1p -

tpr(1, ... p, At) - U e H AgH dt lA.2)g,1-1 1-1 1-1

with integration limits (0, tz), (0, t,) , . (0, t,), It can be...,

demonstrated that by integrating the probabilities
,

,t 4p
DP(1, ... p, At) - pr(1, ..., p, at) (A.3)... .

. s ,

0 0

A1

,

_.

'$ y ty-eyy-ww n-g y +y-e-E--+ySJp+i w, -ty6ty Wr 5 y- W - g- 1 yg- g pvuy'+'W- g virpy-W yy- t-'y+-3'g-gM WwN w p-ww trs Tw.- v==-wv? viv r- T -+ t e T*V-.e'MewWNT- e'F48-Uw-'-+-a-.t=*-'--'* - - - - -d



the resulting expression is given by ths Bateman coefficient

AD A*p.1 p.1 ,' j p (A.4),,
DP(1, . . . p. At) - II A E : p > 1.

g
1*1 3*1 .A

3k-1
k*j

To find"T , the integrand pr(1, p. At) in Equation A.3 is weighted
3 ...,

by ti t .3, and the resulting integral is divided by DP(1, .... p. At).i
This is equivalent to the following formulation:

$

,t ,ti
_

p
t pr(1,...p.At) /DP(1,....p.At)Tg= g

,...

'
0 0

(A.$)

* '
p ? i1_

_T t pr(1,...p,At) /DP(1,....p.At) - E
T)g- g...

l'I'O O

for 1 - 2, ..., p 1 and

p*1 _
_T - At - E T (A,6)

iP 11

Before evaluating Equation A.5, one should note that for the purposes of i

finding the mean time spent as each isotope, the decay chain
13*12* ... 4 1, is equivalent to 1 * 2 * . . . * p where p - I, and 1 ,

1 ...It is any permutation of the integers 1, 2, ... p 1. That is,
_

2 p
the particles must spend the same amount of time as each species from 1
to p-1 regardless of the order of the decay sequence. Thus, as shown
below, the mean time spent as isotope 1 is found. Subsequently, the mean
time spent as isotope i is obtained using the same formula used to find

t and 1 , i - 2, . . . . p .1.Tg by interchanging the roles of A 4

The general formula for the mean time spent as isotope 1 is

'

p1 p.1
U A U A

i .A At i
1 i"2 DP(1.p.At)AteT -< -

1 p p

1-2 ( i * 1) 1-2(i*1)U

,

(A 7)

A2

- - . - )

..

.. . .. _ - . _ _ _ _ _ _ _ _ -
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p2 p.3
iH A II A

- DP(1.p 1,4t) - * DP(1,p-2.p 1 p,At)-

p, p

i-2(Ag 1) 1-2(Ag 1) !
II U

3 3

,
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where DP(1, p, At) denotes the production factor that +ould result from
-|decay directly from species - 1 to species p. That is, ass u species 2,

..., p.1 are not present in the decay chain so that it-I. The factorpDP (1, p, At) is then defined by ,
'

,

A At A At ig
* 'DP(1.p,At) - A ,'y (A.8) )g y .

p 1

Similar definitions are used for DP (1, p.1, p, at), DP (1, p.2, p 1, p, !
At), etc.

In order to reduce numerical errors as much as possible, the exponential r

terms in Equation A.7, are evaluated using an infinite series. Terms in
the infinite series with identical powers of At are collected to create a
single series which is than evaluated. T!.e complexity of the resulting !

,

series is dependent on the value of p. Currently, NEPTRAN 11_ on'y ?

implements this approach for p 5 5.

Encountering the need to transport a sixemernber subchain is not
anticipated and,- in fact, has never been noted. In NEPTRAN II, houever, '

an approximate scheme for subchains of length 6 or greater has been_
1:nplemented. This scheme is also used if it is- judged possible that
convergence of the above mentioned series-will be too slow or numericallyinfeasible. Comparing n:can lives of the species to equal shares of the
time step, one of three possibilities must be true:

(a) > for all _i - 1, . . . , p

(b) s for all i - 1. ..., p

(c) for flome iAotopes k, L $
A pk

and for the remainder j, h>j
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In case (a) it can be shown that setting

Y-f (A.9)
g

for all i - 1, p is a good approximation. One should note that in...,

this case, average velocities are simply arithmetic averages. In case

(b) a good approxination is to set

1/A g
At (A.10)_T

_T

- ,

g

where

P
_T= E 1/A .

g
1-1

That is, the time spent as species i during At is set to a fraction of At
defined by the ratio of the meal life of species i to the sun of all
mean lives. Finally, for case (c) those species having the smaller seen-
lives are assigned their mean life,

i I^'II)~

k

and the time remaining in At,

-Eh (A.12)TR - At
k k

is divided evenly among the species with larger mean lives

i b (A.13)jpm

where m is the number of species having the smaller mean lives.

A-4
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APPEND 1X B

Discharge Model

The discharge model contained in NEFTRAN II consists of multiplying the
number of atoms of species r- p, at time t, in grid block N, by the
fraction of species r p in grid block N, that discharge as species r.
These set of fractions ate stored in array F. The determination of array
F is the subject of this appendix.

F can be determined in a potentially different manner for each different
number of precursors (p). However, with simplifying assumptions
concerning velocities and production, it is possible to reduce the cases
to p - O and p a 1.

Case 1 (p - 0). Here, only atoms of species r at t, that discharge as
species r during the time increment At are of concern. Recall that each
grid block has its contents of species r partitioned into N equallyy
weighted velocity packets. Packet j is assigned velocity v(j , r), j - 1,

N,. So packet j in grid block h, i + 1 can contribute to the..., -

discharge of species r if

v(j , r) * At a (1 1) * Ax , (B.1)

The measure of its contribution and the time require 6 to discharge
depends on the Courant number (CN),

CN (j , r) - v(j , r) * 0 * 2 (1 1) for contribution (B.2)

A packet may totally or partially traverse the boundary as shown in
Figure B.1. The contribution factor of packet j in grid block N, - i + 1
is then,

. - .

O for [CN(j, r)]- < i 1 none
contribution

h(j , -) - < CN(j , r) [CN(j, r)] for [CN(j , r)] - i-1 partial-

- - - contribution

(B.3)

1 for (CN(j, r)) - 1-1 total
,

- contribution ,

where [[CN]] is the gre.*est integer less than or equal to CN.

B1
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Figure B.1, TotalIand Partial Discharge of a Typical Velocity Packet
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The tims to discharge, t(j, r, 1), is defined es the time at which the
spatial nidooint,- m , crosses the boundary. That is,p

-
g

'

CN(j r) At for ,[ 0N(j , r)), >i 1 ,

t(j ,' r, 1) - < (B.4)
,[CN(j , r))) - 1 - 1"U

at for
2CN r

.

,

.

This time is useful because of the decay of species r. Recalling that
packet j is weighted by (N )-1, we write -

y

N
-A t($'#'i)1 rF(r, r, 1) p h(j, r) e (B.5).

" j -1
,

Note that NB(r, r) - [CNIN,r]+1] (B 6).y

Case 2 p a 1. Consider the subcase p - 1 as a model. Suppose an atom of
( species r - 1 at the begir.ning of time interval At is distance L from the

discharge point. We determine the probability that this atom decays to
species r end discharges in At as the product of probabilities of the
following three independent events.

Event 1. The atom is of species type r - 1 after time to.

O<td < At (B.7).

Event 2. During infinitesimal time dt , the atom decays to speciesd
type r.

Event 3. The atom remains as species r in the time rec ining to
discharge.

These events have the probabilities:

#'
pr (Event 1) - e

pr (Event' 2) - f(r, r - 1) A dtr-1 d

pr (Event 3) - e

B-3



where f(r, r- 1) is the decey fraction of species r - 1 to r and ta is
the time remaining to discharge, i.e.,

L - v(r - 1)td
( '}t ~ *

R v(r)

Note that v(r)- and v(r - 1) are picked from the velocity distributions
for species r and r - 1. Flowever, they are chosen from the same velocity
subinterval and thus the velocity index j is dropped.

The production fraction of species by species r1 is then found by
integrating over possible time (i.e., time range during which atoms of
species r I can remain as such and still discharge as species r), .g

2 -A t -A (L - v(r - 1)t )
P(r, r - 1) - A II#' # ~ 1) * * U

r-I v(r) d
,

T
1

AL
r

- v(r)
f # ' 1) * (B'9)-Ar - i (#'

'

'A A

"I# )d 2
'v(r) ' v(r 1)

7 , 1) - -. e, ,
r r-1 T'

2~

y(r) v(r - 1), .

The above integration is valid as long as

I# # '

(B.10)v(r) w v(r - 1) .

Otherwise, Equation B.9 is replaced by

AL
r

"(#}y (r, r 1) e (T -T]. (B.11)P(r, r - 1) - A f
2 y,

and T define the time range during which atoms of species r 1Here, T3 2
can remain as such and still discharge as reacies r.

There are two conditions that must be met to define T and T. First,
i 2

one of the velocities must be large enough so that atoms traveling with

B4
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that velocity can reach the discharge boundary, Second, the velocity of
the daughter isotope, r, must be positive, Relative to the latter,
recall that velocities are normally distributed. There are combinations
of dispersivity, mean velocity, and time step that will produce negative
distributed velocities,

Mathematically, the first criterion above means that max (v,.1, v,) eat a L
and the second means v, a 0, With these two criteria met, the following
table defines the values Tg and Tz:

v, 3 > v, v, > a ,. 3 > 0 v,>0>v,s

IT max (0, t ) 0 0
1 I

T L/v min (L/v t) t
2 r-1 r1 I I

,

wl'ere tz - (L - v,at)/(v,.3 - v,),

The basis for Tg and T 15 shown for one case (v,.3 > v, ) . The other
cases follow from similar u. ing, For the first condition above,
v, . 3 At h L. Thus, the a ms sn reach the boundary traveling as the

1); however, must not cross the boundary prior toparent (r -

decaying to r. The latest time that decay can occur is therefore given
by the travel time to the boundary, T2 - L V -1 On the other hand, it is/r
not known from the conditions stated whether atoms can reach the boundary
traveling as the daughter. If they can, then decay can occur
instantaneously so that Ti - 0. If not, then the atoms must travel for
sufficient distance as the parent so that when decay does occur, the
distance remaining to the discharge boundary can be covered traveling as
the daughter in the time remaining in the time step. This condition can
be stated as:

,

y Ty+vr (At - T ) - L (B.12)y y

Solving for T gives the expression for ti3 above. Note that the
condition on the adequacy of the daughter velocity to displace atoms to
the discharge point is accounted for by taking the maximum value as shown
in the first column.

In order to generalize Equations B.9 and B.11 to cases p > 1, one could
consider the set

t(r - p), t(r - 1)..., ,

B-5
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where t(r - k) denotes tha tins interval ovar which species r k dose
not decay and travels with velocity v(r k), k - 1, ,,,, p. Then dt(r -
k) would be that infinitesimal time for decay from spe,c i e s r k to-

(k - 1). In this fashion p - 1 nested ictegrals must bespecies r -

1) limits of it,tegration thenevaluated, llowever, finding the 2(p -

becomes a formidable task.

As an option we treat the decay of species

r p * r - ( p 1 ) -+ . . . -* r - 1

as a single process over time

h
(B.13)t, - 2 t(r k) .

k-1

The selocity during tirne to is approximated by the arithmetic average of
species' velocities, i.e., define v(rp) by

v(rp) - v(r k) (B.14).

k-1

This is a reasonable approximation for small td (see Appendix A, Species
Velocity I-todel), which is generally the case in this analysis.

Event 1 is then restated as:

Event l': The atom begins at as type r p and is'of type r - ) at t -
,d
1

Events ? and 3 remain the same with ta replaced by

v(rP)td (B.15)t -
.

R v(r)

The probability of event l' is the Bateman production coefficient over

Ued

; , ,

!

'Ar-/* ' r-l'p , ,

* '*
| H f r - k, r - (k 1) A (B.16)-

(rm' r 1)k-2 - ' '

H12
m-1
,m* 1 ,

|

I
|

B6



where f(r - k, r - (k - 1)) is the decay fraction of species r k to
species r - (k - 1). The production fraction is then

P '

F(r, r - p) - U f r - k, r - (k 1) A *
rkk-1 ' '

. ,

T.2
-A t A t A ' "( E} d
r1 r-1 r, v(r) ,, ,, ,

dt< -
.

(A r-1)
~

1 1-2 H r-m
m-1 (B.17)~

m*1' '

A A

If v r) W f r all k - 1, ..., p, then integrating Equation B.17

and rearranging terns yields

A L
r

( }P(r, r - p) - Il f r - k, r - (k - 1) A r-k *k-1 '

'A A
1 1/v(rp) r r - l' T ~

2
p A A v(r) ' v(rp),V(rP)tP d

(r-m' r .t) v(r) v(rp) T
' * "~

L I

j_t (m-1i 1,
,

m-1
(B.18)

P

r-1(A,,-A,j]-1,thenEquationB.18containsIf for p - 1 we define H

*~
Equation B.9.

P
If for some 1 - J' , A,/v(r) - A j,/v(rp)' then the sum I is replaced by*

1-1
p
I and the term

1-1
fol'

B7
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"(#) L T -1p- - . -

Il f r - k, r (k 1) A e (B.19)r-k

(3 ,,_,,]k-1 , ,

,

m-1
m*A*

is added.

The determination of T and Ta proceeds as above vir5 v(r 1) replaced-
3

by v(rp).

Since v(r) - v(j , r) for some velocity intervai j - 1, .... NV, v(rp) and
thus P(r, r - p) depend on j. For a given giid block index i define the
distance

L- 1- Ax (B.20)

and factor

'P(j , r, r - p) (evaluated at L) if P(j ,r,r - p) > 0
P' (j , r , r. - p) -

,0 otherwise, .

Finally, array F is defined by

Ny

F(r, r - p, 1) - P' (j , r, r - p) (B.21)
"

j-1

It may happen that v(j , r) and v(j , rp) are such that

0 < v(j , r) At, v(j, rp)At < Ax/2 (B.22)

for all -j - 1, N. In this case, some of species r in grid block N,..., y

should discharge during At. Ilowever, because we take L as the distance

from the grid block midpoint to the discharge location (i.e., for block

Nx, . Ax/2), the discharge model presented above would produce noL-
discharge of species r. In this special case, L is decreased to L' such
that

v(j , r) At > L' or v(j , rp) At > L'

for some j . values. Then for grid block N, (i.e., 1 - 1),

B-8
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|

N |v

F(r, r - p, 1) - {L' 1p P'(j, r, r - p) (evaluated at L') (B.23)
" j-1 ;

Further, note that NB(r, r - p) can be defined by the maximurn value of i
that yields P'(j , r, r - p) w 0 for any J.

Recalling that Equation B.18 contains Equation B.9, Equations B.18 and
B.23 completely define array F.

,

,

B-9
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APPENDIX C

Distribution of Source Into Migration
Path Using Mixing-Cell Model

The mixing-cell source model provides constant, average source rates for
radionuclides during each time step, 6t. As radionuclides exit the cell,

they enter a ground water travel path to the accessible environment.
Radionuclides traveling along this path are subject to convection,
dispersion, retardation, and decay. If an atom exits the mixing cell at
time t,, t s t, st + 6t, its location at t + ot is subject to all of
these processes. The model described below keeps track of the movement
of source particles and thus is able to spatially distribute the mass of
a species over each At.

A source factor array Sr is generated during the initial execution phase
of NEFTRAN II. It theoretically has three indices,

S ~ 8 (1,1,k) -(C.1)
F F

where the mass of species i in grid block k will be incremented by
, fraction Sr(1,1,k) applied to the average source of the parent species 1.
J Letting p(1,k, t) be the atoms of species i in grid block k at time t,

this at time t + At is given by

i

p(1,k,t + At) - p(1,k,t) + E S (1,1-j ,k)S(1-j ) (C.2)p
j-0

where P is the number of parents necessary to describe production ofi

species i over At and S(1-j) is the average source of parent 1-j over At.
Sr is determined separately for the three cases j-0, j-1, j>1.

The DVM technique for radionuclide transport treats _ convection and retar-
dation by assigning mean velocities to - each cpecies, and dispersion is
modeled by distribution species velocities about the mean velocity. The
species velocities are assumed to have equal probability and there are in
general N such values (see Section 2.4).y

v{ denotes the velocity of- species i in velocity bin b, b - 1. ...,N.
- y

Each atom of species i is therefore assigned a velocity v , for a given b
i

after the atom exits the mixing cell at time t .

First, the case j-0 will be examined. The f raction Sr(1,1,k) for grid
block k is found by integrating the product of the following _ three
probability functions over the - total time necessary for particles to be
in grid block k at the end of At.

.

C-1
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L1, The -probability that an atom exits the cell during the
infinitesimal time dt, about t, is

de /At (0.3),

:

since-S is constant over At.
2. The probability that an atom of species i survives decay from t,

to the end of at is

A (At - t ).g

(C.4)e -

.

3. The probability that an atom- of species i is assigned to
velocity bin b is 1/N .y

Therefore, the probability that an atom of species i in velocity bin b ,

exits _the cell during At and occupies grid block k at species i at the
end of At is

.T2 -A (Wt - t )dti e
pr(i,b,k)

N
* e (C.5),

t ,
'

Ty

where T and T define the time interval over which an atom can cross the1

cell boundary and end up in grid block k during At.

Integration of Equation C.5 hom T2 to Ta yields

'

-A(At--T)-e'Ai(OD ' T f .

g 2 1y
pr(i.b,k)_

A M N (C.6)e

i y
, ,

It remaina - to find T and T. First, one should note the grid block'3 - 2
numbering system of_ Figure C.1. Following the usual treatment of disper-
sion governed by Fick's first-law of diffusion, it is sometimes necessary
to allow particles to be dispersed upstream in the migration path.
Therefore, some material may appear = to move in a negative direction,
which is solely the offect of dispersion. This does not imply that
particles, reenter the cell. Nevertheless, grid block k represents the
spatial increment from kAx to (k + 1)Ax. Further, only particles
assigned positive velocities can end up in positive blocks, and those
with negative velocities in negative blocks.

,

'

<
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MIXING CELL ,

I

s=co 7
> h

>

f -2 -1 0 1 2 3 4 5

-2AX -dX 0 AX 2AX . . .

Figure C.1. The Grid Block Numbering Convention

Times T and T are found by noting that the distance traveled by an atom3

of species i in velocity bin t, must be bounded by kAx and (k + 1) Ax to
reside in block k at the end of At, That is,

kAx 5 v (at - t}'( + }O* ( *}c

or

kAx - v At 5 -v tc 5 (k + 1)Ax - v At .

If v >0 ,

( * )0* *
At (C.8)st s At- -

D C b
v v

i i

andifvf<0

C-3
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* (k + 1)Ax (C.9)At s t s at- -
,

i e iy y
b b

The bounds on t, given by Equaticns C.8 and C.9 are at less the travel
times fr<em the cell to the edges of grid block k. These bounds are
labeled

(k + 1)At *and tt1 - At - b 2 - At - b ,

"i "i

respectively. From the grid block numbering convention t s At and3

t2 s At. The conditions vt > 0 and vt < 0 car be combined by defining T1
and T as follows2

T - max _(min (ty,t ),0) (C 10)y 2

'

(C.11)T2 ~ ""* IU1'D2) .

If t s 0 there is no contribution from velocity bin b to grid block k,2

In that case, set

pr(1,b,k) - 0 (C.12).

Finally define

N
y

Sp (1,1,k) - E pr(1,b,k) (C.13) !
b-1

for each- block k. -Since j-0, that is species i has no parents, it
follows from Equation C,2 that the second index for S must be 1.r

Next, the case j-1 (i.e., a two-member chain) is examined. For
convenience, in the notation species i is assumed to decay to species 2.
The change in mass of species 2 in eauz grid block k due to the radio-
active decay of species i' must be determined. In finding S, it is
assumed that decay and production can only occur after an atom exits the
cell. Therefore, if t is the time at which decay occurs, then ta h t,.o

The probability that an atom leaving the cell as species 1 resides in
block k as species 2 at the end of at is the integral of the product of
the following five probabilities.

C-4
|
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1. The probability that an atom of species 1 exits the cell during
dt, about t, i s,

dt /At

2. The probability that an atom of species I survives decay from t,
to to is

-A (t U)*

t d c
e

3. The probability that an atom of species 1 decays to species 2
during dtd about td 18

h l ,2 1 "d4

where b.2 is the branching fraction from species 1 to species 2.l

4. The probability that an atom of species 2 survives decay from to
to At is

-A IO* * 'd)2
e

5. The probability that an atom is assigned to velocity bin b is
1/N . It is assumed that, if an atom is assigned velocity vi,y

then it doesn't change bins after decay. That is, as species 2,
it travels with velocity vi.

Thereforo, the probability that a source particle of species 1 ends up in
block k as species 2 is

.Td .Tc
-A At 2 2

2

pr(2,1,k,b) - e1c (C.14)
v

T' T'd
l *1

'( 1 ~ 2) d dt dt
e e e d ,

where T ,Tc,Td.Td , denne the time ranges to edt the ccH and
1 2 1 2decay so that a particle may occupy block k at the end of At.

C-5
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'
,

In ordar to solve Equet bn C.14, th3 limits of integration cust be dater-
mined. Disregarding the dependence an K, the integration limits would be

i
00 T

T,1
-

d
1

TT "~

c d d
2 2

Applying these limits to Equation C.14 then gives the total amount of
species 2 produced from decay of species 1. The integration limits are

-graphically illustrated in Figure'O.2.

As well be shown, for an atom to end up in grid block k, the area of

integration must also be bounded by a pair of parallel lines. Tile manner-
in which these lines intersect the shaded triangle in Figure C.2 results
in 36 different sets of limits for Td,Td'

"1 2

" '

#
y 2

|

I

i

" -jto-tc.
td At

/ .
-

ICi

Figure C.2. Shaded Area Represents the Region of Integration for Total
,

Source of Specier 2 from Species 1

| C-6
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First,- the - parallel lines must be determined. The total distance - 4

traveled by an atom in velocity bin b is

b (t *'c} "2 (At
b

d)
v y d ' -t *

The superscript b will be dropped for convenience. In order to occupy
block k, the following condition must be satisfied

kAx 5 v (tdt ) + v (At t ) s (k + 1)Ax (C.15)2 d .

Solving for ta directly is possible only when vt /v- Il vt >Va 2Equation C.15 becomes

' " '

kAx - v 6t v v (k $ 1)Ax - v At2 y y 2
'v c' d' + ( }V1-v2 1-v2, 1y2, 1V2

* *v c v
,

If vy < v , Equation C.15 becomes2

(k + 1)Ax - v 6t v v kAx - v 6t
' ' " '

2 y 2$ d' + ( }vy-v2 ,"l' ~

"2, 1 ~ "E
" "1 ' "2

'* #
,

If vy - v , Equation C.15 becomes2

,

L_'

T 5t sT (C.18)g e 2

: where T : and T . are defined by Equations - C.10 and -. C.11, respectively,3 2

when vt - v3 v2 Equation C.18 implies limits of integration on to-

because t 2t. Equations C.16 and C.17. are lines with the same sloped e

vy
'

v - .v
1 2-

Condition-1 (v3 -- v2) ' corresponding to Equation C.18 is examined first.
If T 5 0, there is no contribution to 5.id block k (i.e., the - travel2

time-to block k is greater than at). Pecalling.that Tg sT 5 At, Figure
_ 2

_C.3 shows the only possible inter,ections of the lines defined by
_

Equation C.18 with the shaded av a r* awn in Figure C.2.

C-7

__ _ . .. .. . . _ - - . - - - _ _ - . - . . . - -



. _ _ . . . _ . _ . . . _ . _ _ _ _ _ . _ . _ _ _ _ . . _ _ _ _ .- _. ._..._________m __._ _ _ ..

~

t, t, d t: y.(d6-

/ /At At
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N
N

-
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-
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;% -%g
t,.__.._ .__. __ _ _ __

1 50 la 1: 2 0

Figure C.3. Possible Integration Regions for the Case vt - Va

: Condition 1. (v3-v ) corresponding to ' Equation :C.18 is examined first. If -

a
-T2 s 0, there is no _ contribution to grid _ block k (i.e. , the travel . time
'to block k-is greater than At). . Recalling that Ti s Ta s At, Figure C,3
shows : the only. possible inte rsec tions i of the ' lines defined by Equation

'C.18.with-the shaded area shown'in. Figure C.2.

The shaded. triangular-regions have integration' limits

T _ 0 ,- - Tg - 0 'd .

1 1

for t s _0 --
y

T -t "

dp 2' c d
2 ,

i-

C-8
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'

T ~ '1, T m td c y
y

for t aO-

g

T " ~
d 2' d

2 2

In either case, (t s 0 or t 2 )), Equation C.14 is solved as the sum of3 3

the integral evaluated over the triangular region and the integral
evaluated over the rectangular region.

Condition 2 (v >v) involves only Equation C.16 and is separated into3 a.

the following subcases:

Subcase 2.1 v3>v2>0
Subcase 2.2 vy>0>v2
Subcase 2.3 0>v y>v2

Subcase 2.1 v3 > v2 > 0

If one writes t, - mt, + B then

at +B 5td * "'c + 2 (c.1%e. y

v kax - v 6t (k + 1)ax v 0'y 2 2I#"~ 0 and B~ ~
v -y 1 v -y 2 v

* ,

1 2 1 2 1v2

This subcase therefore has

m>1

B2>By

By < At (C.20)

T*>T*y 2

T * < O'
2

k20

C-9



(T * ,T *) cnd (Ta*,T *); ere ths ; points of intersection of linaswhere 3 3

ta - at, + B , and td - mt, + Ba with line ta - t , respectively. That is',3

*
T * At -y. y

2

(C.21)
( + }*T * - At - -T*-y g

T*>T*, Ba > B , and a > 1 followThe restrictions k 2 0, T * < ot, 3 1

directly from v3 -> va> 0. The restriction B < At can be seen3

graphically to require a nonzero area of intersection. Algebraically, if

B a At (C.22)y

then-

kaX * V At
7

h At (C.23)y1,y2

or

kAx t v at (C.24).y

This implies that the distance to the nearest edge of grid block k is
longer than - the distance a particle can possibly travel. That is,
suppose a particle exits the cell at the earliest possible time, t, - O .
Then, migrating during the entire time At at the fastest velocity, V ,i
(which assumes ta - At) results in the maximum distance v At.2

Figure C.4 shows the 6 possible regions of integration for subcase 2.1.
The limits of integration for the _ sutregions of _ each region are given in

-

Table C.1. . Lines L3 and L . denote2

y d = mtg + B or t - 1/m(td*B)L: t
1

*

- 1/* ( 'd ' 2)L: t - mt +B # D *
7 d 2 e

C-10



_ - _ . - - - . . . . - - . . - - _ - - - . - . - . . . - . . . _ . - . - . - - .- -

2 td At-Atv
D

B2 k At E < At2
By Bj k 0 By 20

/, y

"
(i) (11)

*
td h n -|

/ , , .

82 2 At 3 0<52 < At
81<0By < 0

T1 g Tj'< B2 -

'

E
'

tc / 1 t/81 c

g

t "Ic '

t "Icd d
td At td At

T' ;0<B2 < At I1 ~

1 3 50-

2
81<0 8<09'

- T '> B -- T*1 2 2
~

'

f tc tc
I

/ By
(v) '_ (A),

Figure C,4. The Possible Regions of Integration for Subcase 2.1
.
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Table C.1.

Integration Limits Needed to Evaluate Equation C.14
for Subcaso 2.1

Graph Region 1 Region 2 Region 3
,

T T T T T T T T T T T T
d d c c d d c c d d c c

1 2 1 2 1 2 1 2 1 2 1 2

(i) B At 0 L N/A N/A
1 1

(ii) B B 0 L B At L L N/A
1 lt 1 2 2 1

(iii) 0 T* O t T* At 0 L N/A
1 d 1 1

(iv) 0 T* O t T* B 0 L B At L L
1 d 1 2 1 2 2 1

(v) O B 0 t B T* L t T* At L L
2 d 2 1 2 d 1 2 1

(vi) T*T* L t T* At L N/A
2 1 2- d 1 2 1

.

The final integration for a region is a sum of integrals over its sub-
region.

Subcase 2.2 v3 > 0 >va

This subcase is restricted to

'

O<m<1

T*>T*
2 y

'

T * h Aty

(C.25)-

At > By>0 k20

'

T * < OUr
2

r

at>B2>0 k<0
.

C-12
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Tg* > At end B: > 0 follow from v < 0 cnd k a 0. T * < at and B2 < ot
follow frou v2 < 0 and k s -1. Intercept B is less than At from the

i

travel time required to the nearest edge of grid block k. Intercept B2
is greater than zero for the same reason.

Figure C.5 shows the 4 possible regions for subcase 2.2. Table C.2 litt,

the limits of integration by subregion.

Table C.2.

Integration Limits Needed to Evaluate Equation C.14
for Subcase 2.2

Craph Region 1 Region 2 Region 3+

__

T T T T T T T T T T T
d d c c d d c c d d c c
-1 2 1 2 1 2 1 2 1 2 1 2

(i) B at 0 t N/A N/A
1 d

(11) B B 0 L B At L L N/A
1 2 1 2 2 1

(iii) B T* O L T* B 0 t B T* L t
1 1 1 1 2 d 2 2 2 d

(iv) O B 0 t B T* L t N/A
2 d 2 2 2 d

Subenso 2.3 0 > vg > v2

SInce both velocities are negative, particles in these bins must travel
in a negative direction. Thus, only k 5 -1 is allowed. The following
restrictions apply,

'

m<0

B2>By

B2>0 (C.26)

T * < Aty

T * < At
2 j

9

C-13



- . . . . .. . . - . . -. . .=

"c
id

''

V ">
B2<At2

/ By / 89 k ill: O

m

(I) g

td=tec tdntda
A' ^ At

,
-

"I

B1>0T*1 .

k 5 -1( =--,

U Oy)

Figure C.S. Regions of Integration for Subcase 2.2

C-14

_ _ . -



- . .. . ._.-. -.,=.- ~. . . ~ . . . . - - . - .- .- - - . . _ - - - .

> B , T 0 < ot , and T * < - At follow from k s -1, va s 0, and )m < 0, B 3 3

v' _ v > 0.. Intercept B is positive because the minimal travel time |a

to the nearest edge of block k must be less than At,
i

Figure C.6 shows the 7 possible regions for subcase 2.3. Table C.3 lista J

the correspondin6 limits of. integration by subregion.

The 17 regions of subcases 2.1 to 2.3 completely describe the integration
limits for condition 2-(v3 >v). The limits for condition 3 (v2 >V)a t

are the same if the roles of lines L and L are reversed. Thus,
3 2

defining

subcase 3.1 v2 > "I > 0

Subcase 3.2 v2>0>v3
Subcase 3.3 0>v2>#1

one has the correspondences

,

Subcase 3.1- Subcase 2.3~

Subcass 2.2 (k s -1)Subcase 3.2-(k k 0) !~

Subcase 3.2 (k s 1)' Subcase 2.2 (k 2 0)~

Subcase 2.1-Subcase 3.3- - .

Returning to-Equation C.14, it can be rewritten as

|
'

3
.Td 'IA * A )'d 2 . A 't

2 gc2 1
e e dt dtpr(2,1,k,b) - K, d

T
d
l "L

,

.
.' ( C . 2 7 )

.Td
K, 2 -A' y - A )*d A T AT

2 l c yc
e e 2 -e 1 dtd,1 .

.

d
1 [

C 15
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t)tt=td e g \ d otdh At At
Tg*

3I. 9 50
Eis0B 5 At2
82 > At

m t.- -

! 8 (0 t M te e

.t d td ated td.te
# At g) At

N
82 *

89>0 T' 59>0
81 3 5 At S1 52 5 At
T' 2

2 T* -

T ** E Iy. 2 1 Tl*E1.

T T ' -

M te (ty) to
*

2 'tttdat td d eetdu # At At,

[ At>B 9>0 1
ET2

N At>Sq>0
g> At Tg* - 8 >At-By 2
2*E1 Tj' y ,e4 g,

-
> y. .

. .

-h(v), \(v0 tet e

*
B At1

T' By > At2 -

Tg* -

. :

(v10 'c

Figure C.6. Regions of Integration for Subcase 2.3

|
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Table C.3.
,

Integration Limits Needed to Evaluate Equation C.14
for Subcase 2.3

Graph Region 1 Region 2 Region 3 l

T T T T T T T T T T T T
d d c c d d e c d d c c

1 2 1 2- 1 2 1 2 1 2 1 2
_

(i) 0 T* O t T* B 0 L N/A
2 d 2 2 2

(ii) 0 T* O t T* At 0 L N/A
2 d 2 2*

(lit) T* T* L t T* B L L B B 0 L
1 2 1 d 2 1 1 2 1 2 2

(iv) T* B L t B T* O t T* B 0 L '

1 1 1 d 1 2 d 2 2 2

(v) T* B L t B- T* O t T* At 0 L
1 1 1 d 1 2 d 2 2

(vi) T* 1* L t T* B- L L B At 0 L
.1 2 1 -d 2 1 1 2 1 2

(vii) T* T* L. t T* At L L N/A
1 =2 1 d 2 1 .2

x

- A "i'
2h Ae

1~

where K,- AtN
#* "" * *" "*' ' "# **

v
'T- and T am 1 mar funct ons of t I" 6*"#"I' " **" "# '

c c d*
1- 2

T -at *0<

c yd 1
-

*C.28)

T -a ~0c 2 d- 2

C-17
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Equation C.27 1.ocomes' '

.Td
K 2 -(A (1 - a ) ' A )'d '120y 2 2pr(2,1,b,k) - , e e

1 ,

s T
d

1

-(A (1 - 07) A )td 110
'

y 2-e e dt
d

I

I 1(1 * "2) ~ 2)Td *(A (1 * "2) 2) d
'

lg y 2g ,

~{* A (1 - 2)
'Ay 2

[ -(A (1 - oy)-1)d '(^1 51 ' "1) 2) d
'

t 2'A 0 1 _e11 e
~"

A)(1 a )
2

-Ay

P

h l 21 2(At - Td) I 22 2(At -Td)'A I T
, 1,2 e e 1 -e e 2

,
_

At ?t A (1 * 2) 'Ay y 2

. -A T y -A2(At -Td) 1 12 2(O' ' d). g

_e e 1 -e e 2 C@
A (1 - a ) A-

y y 2
,

:

C-18
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. -

where

+O r,p - 1,2 (C.30)T,p - (1 - a )T .r d r
p

The above integration is valid as long as A (13 a,) -1 * 0. The-
2

possible values for a, are

'

0o -

r

# '

(C.31)-

vgv2
II" ~o ~

r v
1

,

I f a, - 0, A3 / A, is required; If a, - 1, la p 0; and f f a, - 1/m.

#
1 1

T' | T '

2 2

P
'

5. if A (1 - o,) - 12 - O for any case. Equation C.29 is replaced by3

h 'A #r 'A 6' (T -T Ii,2 l 2
pr(2,1,b,k) - * * d o

N 2 1
*

v

Finally, T,,10 since

t ~ "r'd *Oe r

implies

tdt - (1-- a )*d + O ( )'

r r

for all values of ta, and the left hand side of Equation C.32 is non-
negative. In fact

1,2 (C,31)T Trp dp cr; r qa- ~ -

C 19
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The finsi step in finding S, is to sum over velocity bins for each
block k.

Ny

S (2,1,k) E pr(2,1,k,b) (C.34)-
.

F b,

G

licre, pr(2,1,k,b) 0 if=

5 kAx ; k a 0At max v ,v -

(C.33)a

At rain v ,y a (k 4 1)Ax ; k 5 1 .

In < c.ctice , the entries Sr(2,1,k) may be p<sitive but negitgible for>

se e extreme values of k.,

\
i The last case (j > 1) involves decay chains of length greater than two.

To implement the algorithm, a simplifying assunption is made. For the
chain

iPg*i-Pg + 1 * ... * 1 - i * 1 ,

if a source particle of species type 1-j (for some j , 2 5 j s P ) crossesi

h the cell boundary at t, and is of species type i at the end of At, the
decay from species 1.j to species 1 1 is assumed to be ' single process.
During this decay process, the particle travelt with a velocity that is
an arithmetic average of the velocities assigned to species 1.j ... 1-1.

,

The averago velocity for the velocity bin b is

b,i bg y (C.36)v
J 1 J,31

*There are five probabilities similar to the case j-1.

1. The probability that an atom of species 1.j exits the cell duri1g
time dt, about t, is

dt /At .

C 20
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|
i

|

2. The pre, ability that en atom of spseles 1 j decays to species 1 1
during time t, + t, is

*A j(td * "c) 'A Ii I 'd * Ic}j ) g
* **E h A E

n-2 I'"II'"'I I'"f-2 3
(A1mA1 1)H

m-1 ,

m/t

3. The probability that an atom of species-1 1 decays to species i
daring-dte about te is

I

h ,1,g A ,gdtg g d

.

4. The probability that an atom species i survives decay from to to
At is

,Ag (At -t )d
|

S. The probability that an ator i assigned to velocity bin b in
1/N, . Similar to j-1, it is ask sned that the particles maintain
the same velocity bin over At as they decay.

The probability that a source particle of type 1 j ends At occupying grid
block k as type i is

h ,g .A ,g j
g g ,3 3e

pr(1-j,1,k.b) - -yjt it h i n,1 n+1 l n"E +

V nel *

(C.3/)
t

f

4 ,j(td* c) ~ 1 1( d * c)T Td ,2 ) g

,Atgd if j d
2

T T im 1 A}I' ' ~

d c m-1g g
aft

where T '" h ' J" hd' d' # '

g 2 1 2

- replacing v and M (Equation C.36) replacing vi. In particular, recall
tha.t t, is a linear function'of td and- |

e ;

C 21
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7, gd*01-ot

(C.38)

T,, - a *d * 02 2

The details of solving Equation C.37 are omitted except for noting the
use of the identity

i

)
1 1r. -

''
(i -A .s> (A -At 1)ta 1 ta

,
'

aff

in a4er to cambine terms following the integration.

1hus,

31
_pr(1 j.1,k.h)

N at
H h i n.i n+1 1 nv n-1

P

j. j '

(A ,, A j)'t i
E H<

g g 31-1_ m-1 11
(C.39). mf! .

L

'

A ,j 22 'A (At * Id) 'AT i f 21 'A (At - Td)Tg 1 ie e 2 -e e 1

g - A ,j (1 a )A -

g g
,

,

- A , j 12 .' A ( At . Td} 'AT i f gg -A (At Td)Tg i g
e 2 -e e 1_ e_

g A ,j_(1 a )A
g g

.

. .Where the T,p (r.p-1,2) are defined by Equation C.30. The restrictions
9 of nonzero denominators still apply and if zero denominators are detected

the term

C 22
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c

4

'A at A ,j #'
g g 7e e (y .y ) ;

2 1 ,

t

!

replaces

!

*A .f rp ,'A (at - Tdp} fTi 1,
1

t A j(1 a )A
g r

,

The conditions stated in Equation C.35 apply to set pr(1 j,1,k,b) - O for
blocks k that do not receive source particles. Collecting fasetions over
velocity intervals then yields

Nv
S (1,i j ,k) - E pi(i.j,1,k,b) (C.40)p

b-1

Equatien C.40 must be generated for each parent 1 j , j-2, . . . Pg.
,

Finally, defining

j
U (A ., - A .j) - 1 (C.41)g g

m-1
aft

for. the case 1-j-1, Equation C.39 will con :cin Equat-lon C.29. Thus,,

) Equations C,13 and C.40 can be used to cont,>1etely define Sr.

,

'

)

.

.

C.23

.
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APPENDIX D

Storage of Decay Chain Information

The storage of decay chain information in NE}TRAN 11 is presented in this
appendix, first for the case where no branches occur in the decay chain,
and next for the case where branches are present in the chain. The sub.
routine BRANCll is then discussed in terns of arrays presented in the
first two discussions.

*

1. Decav Chain Without Branching.

Example: 1*2*3*4*5

I )NEFTRAN potentially transports - 15

1. 1*1 8. 3-4
2. 2*2 9. 2*3*4
3. 1-2 10. 1*2*3*4
4 3*3 11. 5*$
$. 2*3 12. 4*$
6. 1*2*3 13. 3*4*5
7. 4*4 14, 2*34 4*$

15. 1-2*3*4*5

lloweve Subroutine BRANCil may determine that some of the longer sub.,

chains are not necessary. That is, the contribution to species 5 from
the decay of species 1 over a time step At, may be insignif f s snt.

If BRANCH decides that all are necessary, then define the LPS (loop
start) and LPE (loop end) arrays for each species as follows:

LPS(1) - 1 LPE(1) - 1
LPS(2) - 2 LPE(2) - 3
LPS(3) - 4 LPE(3) - 6
LPS(4) - 7 LPE(4) - 10
LPS(5) - 11 LPE($) - 15

If the subchains above were numbered 1 15< then those ending with
species'I are found from

LPS(I) to LPE(1).

The arrays LPS and LPE are used to define end points of D0. loops.

DO 20 1-1, NOISO.

J1 - LPS(I)
J2 - LPE(1)

DO 10 J - J1, J2

D1

>
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l

This type of loop occurs throughout NETTRAli II.

In such a loop, variable J is normally used to retrieve information about
subchain J. Subchains are defined by the LRP array.

LRP(1,1) - 1 LRP(7,1) - 4

1RP(1,2) - 1 LRP(7,2) - 1
LRP(8,1) - 3

LAP (2,1) - 2 1RP(8,2) - 2
'

LRP(2,2) - 1 LRP(9,1) - 2

1RP(3,1) - 1 LRP(9,2) - 3

LRP(3,2) - 2 LRP(10,1) - 1
LRP(10,2) - 4

LRP(4,1) - 3
LRP(4,2) - 1 *

LRP(5,1) - 2 e

LRP(5,2) - 2 e

LRP(6,1) - 1
LRP(6,2) - 3

For species I, icok in IRP array from
,

LPS(I) to LPE(I).

For LPS(1) 5 J s LPE(1), subchain J has LRP(J ,1) members and the first
member is species IRP(J ,1) .

6, then subchain 6 has lengthExample; I- 3, 4sJ s 6. If J -

LRP(6,2) - 3 and the top member of the chain is LRP(6,1) - 1.

If tranches were not allowed, only one column (either one) of LRP would
be necessary. In fact, LRP could probably be done away with. Its neces-

sity will be demonstrated in Section II.

ApplicatioD. Consider the DP array, which contains decay and production i

fractions for each subchain over a time step. That is,

DP(1) - fraction of 1 surviving decay over At

DP(2) + fraction of 2 surviving decay over At
fraction of 1 that decays to 2 (and no farther) over AtDP(3) -

fraction of 3 surviving decay over AtDP(4) -

DP(5) - fraction of 2 that decays to 3 (and no farther) over At
DP(6) - fraction of 1 that decays to 3 (and no farther) over At

e

e

e

So, to update an inventory for species 3, treat all subchains endin6
in 3, which can be found between LPS(3)'and LPE(3).

SUM - 0
JI - LPS(3)
J2 - LPE(3)

D2

__ _ _ _.
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Do 10 J - J1, J 2
St!M - SLfM 4 DP(J) * Atoms (LJtP(J ,1))

10 Continue

variable St'M will contain the inventory of species 3 af ter a t i n:e step
4t, whera the atoms array contains inventories of all species at tinic 0.

There are several other arrays in NEFTRAN which rely on the pointers LPS
and LPE. All such arrays are dimensioned to the max imum nun >be r of sub-
chains (41 for son.c) .

(ll, JV, V, N. JP, JSP, INSR, JPSC)

11. Of;Inv Chain With franching.

2

/\Exan'pl e : 1 4-- >5

A
3

The possible subchnins are:

1, 1*1 9. 34 4
2. 2*2 10. 14 3-4
3, 14 2 11. 5*5
4. 34 3 12. 44 5
5. 1 -> 3 13, 2*4-5
6. 44 4 14, 1*2- 4 -+ 5
7. 2*4 15, 3*44 5
8, 1*24 4 16, 1 - 3 -. 4 -* 5

LRP Col. 1 IJtP Col . 2

row 1 1 1 LPS(1) - 1, LPE(1) - 1

row 2 2 1 LPS(2) - 2, LPE(2) - 3
row 3 1 2

row 4 3 1 LPS(3) - 4 LPE(3) - 5
row $ 1 2

row 6 4 1 LPS(4) - 6 LPE(4) - 10
row 7 2 2
row 8 1 3

row 9 3 2
row 10 1 3

row 11 5 1 LPS(5) - 11, l.PE(5) - 16
row 12 4 2

D-3
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row 13 2 3

row I4 1 4

row 15 3 3

row 16 1 4

Note that tow 8 is the same as row 10 and row 14 is the same as row 16.
lloweve r , the information in row 8 in arrays B, JV, is for subchain...

88, not #10.

There are places in the code, however, where this does present a problem.
For exartple , if the subchain ends in species 4, is of length 3, and has
ultimate parent 1; what is the identity of the internediate species?

1-2*4 or 14 34 4?

The intermediate species identity snust be known for finding discharge
factors. Two velocities are required v &v or v &v

4 yy 4 p3

Examining r.ubroutine SETDIS:

1*2*4 ISV - 2 IJ - LPS(2), LPE(3) - 2,3
KP - 8 ISP - 1 ISL - LT 1 - 2

find 1 * 2, KS - 3

1*34 4 ISV - 3 IJ - 4,5

KP - 10 ISP - 1 ISL - 2
find 1 * 3 KS - 5

4*5 ISV - 4

2*4*5 IJ - 6,10 ISP - 2 ISL - 2
KP - 13 find 2 * 4 KS - 6

14 24 4*5 IJ - 8,10 ISP - 1 ISL - 3
KP - 14 find 1 * 2 -. 4 KS - 8

3*44 5 IJ - 9,10 ISP - 3 ISL - 2
KP - 15 find 3 -* 4 KS - 9

14 3*44 5 IJ - 10,10 ISP - 1 ISL - 3

KP - 16 find 1 - 3 -. 4 KS - 10

Treating / Locating Branching Fractions

1 * 2 at .3
1 * 3 at .7

|
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I

I

On input: Iso 2 par - 1 frac .3
Iso 3 par - 1 frac .7

;

In CilAIN:

IFR BRPR -

t

1. 973 9. 7 .7
2. 0 0. '

3. 0 0.
4. 0 0.

!5. 0 0.
,

In SETDIS:

14 2 C0 TO 80 w/KM - 1 If (3 .eq. 2) 7
KP - 3 since /, BFR 1 BTR - 1
LT - 2 .7.3-

1

1 -+ 3 C0 TO 80 w/FA - 1 If (3 .eq. 3) 7
KP - 5 since /, BFR . 7 (remains)
LT - 2

34 4 1XP - 1 2,9 is 1 - LRP ( 7. . . . ,0, 2)
KP - 9 find a t 6, I'.H - 3
LT - 2 If (0 .eq. 1)

since f BFR - 1 BRR - 1.

1 -* 2 - 4 CO TO 80 w/VJi - 1 If (3 .eq. 2)
KP-8 no BFR - 1 .7 .3
LT - 3

1*3+4 C0 TO 80 w/KM - 1 If (3 eq. 3)
| KP - 10 BPR .7
i LT - 3

Subroutine BR ANCll . In either case presented above, it may not be
necessary to transport all subchains.

Example: 1 -* 2 -* 3 4 4

T1/2(1) - 10y T1/2(2) - 50y. T1/2(3) .106y

T1/a(4) .100y

The production of iso _#4 by isos #1 and . #2 might be insignificant
compared to the production by #3 over a time step.

D5
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I

So, it is not neccesary to trcnsport subchains

1*2*34 4 nor 2*3*4

In addition to setting up LPS, LPE,12tP, and DP, BRANCH decides necessary
subchains. User can force all subchains by setting EPS - 0 in argument
list (code change). Branch is called by SOURCE (update inventory to
TRLSE), DTUPDT (age inventory by At. source), SETUP (age inventory by 6t*

'

transport), with EPS - 10 8, 10 $ . 10 4

Branch looks at all paths from daughter iso IR to the end(s) of the
chain. Can be up to 4 paths.

2

1 4 -----> 5 look at IR - 5

3

Branch finds 2 paths- 1 -+ 2 * 4 * $
14 3 * 4 -+ 5

and will store in array IV.

The coding that is implen.cnted for this exampi.e is as follows:

IR - 5 NB - 0 (# brand pts detected)
NP - 1 (# paths)
la - IR - 5
1-1
IW(1,1) - 5

10 loop
1-2 IW(1,2) - 4 no 2nd parent }*R - 4
1-3 IW(1,3) - 2 yes 2nd parent IPAR(4,1) - 2

NB - 1
KR - 2
KR - 1

1-4 IW(1,4) - 1 no 2nd parent
hit end of chain, go to 30

40 Loop
Detect IPAR(4,1) - 2 (<0)
Set IPAR(4,1) - 2 & go to 50

D6
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50 NP - 2
60 Loop K - 1, It'l If (IW(1,K) - Jt':) go to 70

true for K - 2

70 1 - 3 IW(2,1) - IW(1,1) 5
IW(2,2) - IW(1,2) 4

KR - 3 IW(2,3) - 3 NB - 0

10 Loop 1-4 IW(2,4) - 1 no 2nd parent KR - I
hit end of chain, go to 30

30 NB - O so go to 100

At-this point:
s

IW(1,1) -_5 IW(2,1) - 5
IW(1,2) - 4 IW(2,2) - 4
IW(1,3) - 2 IW(2,3) - 3
IW(1,4) - 1 IW(2,4) - 1

At 100 * 200

IS -' 2 'ISD - 2 LPS(5) - LPE(4) + 1
LT - LPS(5)
LRP(UT 1) - 5
LRP(UT,2) - 1

DP - e-lat

D(2) - As define branch f rac - 1,

LT = LT + 1 (stacking in LRP, DP)

.DP(LT) - prod 1 * 2 over At. "

D7
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e s e e e e e e e e s e.* * e e e e e ......... .... e e........e e e e e e e e e e e e * * * * * * * e e e e * * * * *
e*

NIFIRAN 11 * PC VtallDN Ritt A$tD DCf Dett 1990 **
e e

e NEF1RAN 11: SAMPLt PRDBitM *1 FOR USER'S MANUAL (PC Vit$1DN) *
;

* (xttullDN DAtt 11/12/1990 AND 11Mt 12: 7:40 e

ee

e***................eeeeee. ..eeeeeeeeeeeeeeeeeeeeeee*** e *************

PARAMtifts

CROUP) DP110N5
................

STANDARD FRlNT, NONZERO en PklWi
OPTION VALUt OU1PUT DESCRIP110N

1 1 Lisi 0F ALL PARAmtitRS
2 1 f ut htfWORK LtG PRDPER11tS ARRAY
3 1 INE NtiWORK JUNCTION PROPERifts ARRAf
4 1 1HE MICRA110N PATH PROPER 111$ ARRAY
$ 1 THE DECAY CHAIN PkOPERIlts ARRAY
6 1 THE fttMENT PRDritfits ARRAY
7 1 ftulD VtLDC111ts & SOURCt/DisCH FLOVRAT[$
8 0 $U0 CHAIN $ DECAY, PRODU;11DN, & VtLDClfits
9 0 TRACE & TIME SitPS AND SOURCE 1YPE

10 1 TIME DEPENDENT OuiPUT
* If eN, DISCHARGE Raft 5 EVERY NTH ilME SitP

IF N, CONCthf RA110NS (VERY NTH 11Mt $1tP
11 1 DieCHARct SUMMARY

[xitFNAL FILtl, WONZERO en FILE WRiittN/ READ
DP11DN VALUE CDERC$PONDING FILE

12 0 VRif t SRAf f.DAi, $0URCE RAf t$ (Ci/y)
13 1 Walit DR Af t.D A1, Di$ CHARGE R Af t$ (Cl/y)
14 0 Not CURetNiiY U$fD
15 0 RE AD $ AMP.DAT, SAMPLED DAT A NORMALLY FOR REPI Af tP 'RI ALS
16 0 READ VFitLD.DAT, ilME DEPtWDENT VELOClfitt
17 0 READ 5 FLOW.DA1, ilME DIPENDtNI FLOWRAf t$

RUN CONTROLS
Dril0N VALUE DESCR1PflDN

18 1 USE DVM(0) DR ANALY11C 50LN(1)
19 0 $0LVI kE TWORK(0) DR INPUT Vf LDCl11t5(1)
20 0 LEACHt0), 50LUSIL111[5(1), DR BotH(2) ,

21 0 FLOWTHRU(0), M11 CELL (1), OR Cduc$t(2)
22 0 CONSTAhi(0) OR ExPoktNil AL(1) LE ACH RATE
23 0 FDPCE(1) Ust OF LEG 10 LEG 1RANSFER AtGDRitHM

DEBUG PRINTS, WONIERO => PRINT
OP110N VALUE OUTPU1 DISCRIPflDN

24 0 DVM MUL11PLitt$ FOR 1RANSPORT, DISCHARGE, AND SOURCE
25 0 DIAcWostic Ikfo FDR suBROU11NE BAND

E-2
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26 e DIAON0lfl@ 'kF0 FOR FUNCfl0N oli
2P O KAf tlR/Vttf 0R 8tlitN 10 Bt 80'vt0 70R FLOU.

28 0 Tht DATA FROM UNil 10, $ AMP.DAT
29 0 hot CURRENTLY U$t0
30- 0 |NVENTORY AT RELIA $t flNE
31 0 Rtt1RICfl0Nb PLactD ON Tk! 11Mt 5ftP1
32 i LIC/ JUNCTION & JUNC110N/Lt0 CONNECilDNS
33 0 vtLOClfit$ FROM ikt ExitRNat flLE, UNif 11
34 0 THE ATOM COUNT $UMMARYe

35 1 JUNC11CW PRES $URt$ & ttG FL0wRAtts
36 0 LEG 10 ttG TRAkSFER FRAcil0NS
37 0 11Mi sPtWI A$ (ACM 1$010Pt IN A $UBCMAIN
38 0 flME DtPtWDENT $0VRCt FLOW 9 Alt $

GROUP 2 * PROGL1M $!!!$
......................

VAlut DESCRIPilDN
16 NUMBER OF kt1 WORK Ltc$
13 NUMBER OF ktiW0tK JUNC110N$

$ NUMBER OF MICRA1104 PATH ltCS
1 NUMatR OF DECAY CMAlks IkPUT
3 NUMett of EttMENTA INPUT

DECAY CHAlNS
WUMBtt INCLUSION
MIMPERS INDEI

3 0

CROUP 3 $0VRCE/ FLOW PARAMtifts
...............................

VALUt DESCRIPil0N
1.0000t*00 FRACil0N OF $0URCE ACCESSID
0.0000t+00 PORE VOLUME CONTAINING $0VRCE (f t'*3)
0.0000t+00 Pott * AREA FOR $0URCE RIGlME (ft**2)
1.0000E 05 LEACH RAtt (1/y)
0.0000t+00 DEJ$l1Y OF $0URCE FLUID (Ib/f t**3)
0.0000t*00 PORE ARtA AT Dl1CWARCE (ft**2)

CROUP 4 11Mt PARAMETER $
.. .....................

VALUE CESCRIPfl0N
1.0000C+06 flHE To IND 0F $1MULAfl0N (y)'

. 0.0000t+00 TIME OF ON$ti 0F MICRATIDN (y)
0.0000C400 TIME OF ON$ti 0F LEACNlWG (y)
0.0000t+00 .11Mt $1tp FOR $00RCt (y)

TRANSPORI flME SitPS FOR (ACM CHA!N
chalk # TIME $ltP(y)

1 0.000t+00

GROUP 5 * INCRfMfWi DtTERMINAll0N
............... ................

DtFAULT values utilited

Network Properties Array
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,

i

ttp Intet Outlet length Area Wydreutit Brine
# jet jet (ft) Esq-ft) E (ft/d) Conc.
1 1 4 1.450t*04 6.000t+D6 5.000t*01 0.000t + 00
2 4 5 8.000t+03 6.000t + D6 5.000t+01 0.000t*00
3 5 10 3.600E * D4 6.000!*D6 5.000t+01 0.000t+00
4 10 3 1.000t+05 6.000t + D6 5.D00t+01 0.000t+00
5 2 9 1.450t + D4 1.800t+D6 4.000t+01 0.000t+00
6 9 11 8.000t+03 1.800t+06 4.000t+01 0.000t+00
7 11 12 3.800t + 04 1.800E * D6 4.000t+01 0.000t*00
8 12 - 13 1.000t+05 1.800t+D6 4.000t+01 0.000t+00
9 6 4 6.000t+02 7.070t+02 1.0001 01 6.700E 01 +

10 8 5 4.965t+02 1.000t+00 1.000t+01 1.000t + 00
11 9 6 5.000t+02 1.000t+00 1.670t 06 1.000t+00
12 11 8 6.035t+02 1.000t + 00 1.500t 06 1.000t+00 r

13 6 7 4.000t+03 5.400E*02 1.000t*01 1.00at*00
14 7 8 4.000t+03 5.400t+02 1.000t*01 1.000t*D0
15 12 10 1.100t+03 1.D00t + D0 1.570t 06 1.000t+00
16 13 3 1.100t*03 1.200t + D8 2.500t+00 0.000t+00

Junrtion Properties Array
Jet tievation Enown Press? Pressure

# (ft) ho/fes e 0/1 (pal)

1 3.602t+03 1 4.327t+02
2 2.502t+03 1 6.461t+02
3 1.526t*03 1- 4.327t+02
4 3.415t+03 0 0.000t+00
5 3.311t+03 0 0.000t+00
6 2.815t+03 0 0.000t+00
7 2.815t+03 0 0.000t+00
8 2.815t+03 0 0.000t*00
9 2.315t+03 0 0.000E+)0

10 2.820t+03 0 0.000t*00
11 2.211t+03 0 0 000t*00
12 1.720t+03 0 0.000t+00
13 4.259t+02 0 0.000r.* 00

Migratite Path Properties Array
leg Olspersivity Space Step Ol f f usion? Mobile Imacbile Nass xter Veloc i t y

# (ft) (ft) ho/Yes=0/1 Porosity Po osity Coef (1/y) (ft/y)

13 5.000t+02 0.000t+00 0 3.000t 01 0.000t+00 0.000t + 00 0.000i+00
14 0.000t+00 0.000t+00 0 3.000t 01 0.000t+00 0.000t+00 0.000t+00
10 0.000t+00 0.000t+00 0 1.5000 01 0.000t + 00 0.000t+00 0.000t+00

3 0.000t+00 0.000t+00 0 3.000t 01 0.000t+00 C.000t+00 0.000t+00
4 0.000t+00 0.000t+00 0 3.000t 01 0.000t+00 0.000t+00 0.000t+00

i

l

Decay Chain Array
kame Atomic flem. L ocal Parant Parent Fraction Fraction Inventory Half Life Weighting

A6 Mass Inden Indeu #1 #2 From # 1 f rom # 2 (Cl) (y) factor
O! CAY CHA!N # 1
NP237 237.0' 1 1 0 0 0.000t+00 0.000t+00 1.000t+03 2.140t*06 1.000t+00
U233 233.0 2 2 1 0 1.000t+00 0.000t+00 1.000t+03 1.620t + 05 1.000t*00
1H229 225.0 3 3 2 0 1.000t+00 0.000t+00 1.000t+03 7.300t+03 1.000t+00

-

.

!
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tienent Properties arrey
Elem. totellity Leg Nobil lavobile
Inden (g/s) 8 Rd ad

1 0.000t+00 13 1.000E*00 0.000t+00
14 1.000t+D0 0.000t+00
10 1.000t+00 0.000t+00

3 6.35 7t +02 0.000t + 00
4 6.357t + 02 0.000t+00

2 0.000t+00 13 1.000t+00 0.000t+00
15 1.000t+00 0.000t+00

)00t*00 0.000t+00
t7t*02 0.000E+00+

s.457t+02 0.000t+00=

3 0.000t*00 13 1.000t+00 0.000t*00
14 1.000t*00 0.000t+00
15 1. 000t + 00 0.000t+00

3 6.357t+02 0.000t+00
4 6.357t+02 0.000t+00

1ME LJ ARRAY
LIG JC15

1 1 4
2 4 5

-3 -5 10 -
4 10 3
5 2 9
6 9 11
7 11 12
8 12 13
9 6 4

10 8 5
11 9 6
12 11 8
13 6 7
14' 7 8
15 12 10
16 13 3

(
TH( JL ARRAY
JCf LEGS

1 1 0 0
2 5 0 0
3 4 16 0
4 1 9 2
5= 2 10 3
6 11 9 13
7 13 16 0
8 12 14 10
9 5 6 11

10 3 15 4

4
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11 6 7 12
12 7 8 il
13 6 16 0

PRtitunts A1 THE LEO J.'htil0wl

JUNC110N FLUID PRtltutt (pst)

1 4.3270t+02
2 6.4610t+02
3 4.3270t+02
4 4.3270t*02
5 4.3270t*02
6 7.2025t+02
7 7.1978t*02
8 7.1931t+02
9 6.6992t + 02

10 4.3270t*02
11 6.8307t*02
12 7.4550t+02
13 9.0980t+02

VoluHtitlC FLOW RAff FOR ( ACH LIG
LtG FLOW ft**3/y

1 1.4177t+09
2 1.4177t+09
3 1.4177t * 09
4 1.4177t*09
5 2.4D40t+08
6 2.4D40t+08
7 2.4040t * 08
8 2.4040t+08
9 3.73 75t + 02

10 3. 73 75t * 02
11 6.0667t D4
12 5.D893t 04
13 3.7375t + 02
14 3.7375t+02
15 2.1310E 04
16 2.4040t*DS

FOR titADV 51 Aft TLOW
.....................

LEC ko. POAt Vf LOClif
ft/y

13 2.3071t+00
14 2.3071t+00
to 2.4917t + 03
3 7.8759t + 02
4 7.875 PE + 02

PATH LtNG1H FROM SOURCE BOUNDART (ft) = 1.4250t+05
AvttAGE FLU 10 vtt0Ct1Y (ft/y) = 7.4637t+01

E-6
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FLOW R41t 1H03J0M $3URCE * 3.73F5f+02 ft'03/r
FLDW RAf t Al Olltk4kCE * 1.4177t*09 fle'3/r

1

RA01DWuCLIDt OltCHAR0f Raft (Cl/f)
YtAt h>J37 U233 1H229

7.5215t 04 5.6034t 09 5.7215t 09 5.7262t 09
7.6973t+04 2.2369t 08 2.2840t 08 2.2bo9t b8
7.8731t * D4 8.0166E 08 8.1963t 08 8.2013t 08
8.'4489t * 04 2.6000t 07 2.6580t 07 2.66D41 07 o

8.2247t + 04 7.67671 07 7.t5131 07 7.8583t 07
8.40D6t + 04 2.0768t 06 2.1249t 06 2.1268106
8. 5764t * 04 5.1772t 06 5.2991t 06 5.3040t 06
8.752?t*04 1.1955f 05 1.22421 05 1.2254t 05
8.9280t*04 2.5700E 05 2.6326t 05 2.6352t 05
9.1038t*04 5.1663t 05 5.2943t 09 5.2995t 05
9.2 796t + 04 9.75341 05- 9.9988t il5 1.0009t 04

0

9.4554 t + 04 1.736?t 04 1.7805t 04 1.7823t 04
9.6312t*04 2.9250t+04 3.0008t 04 3.0039t 04,

9.3070t+04 4.6804t 04 4.8037t 04 4.8D87t 04
9.9828t*04 7.1378I 04 7.3285t 04 7.3363t 64
1.0159t*05 1.040.T 03 1.0689t 03 1.0701t 03
1.0354t+05 1.4553t 03 1.4953t 03 1.4970t 03
1.0510t+05 1.9576t 03 2.0121t 03 2.0144t 03
1.06B6t+05 2.5401t 03 2.6119t 03 2.614bt 03
1.056?t+05 3.1E85t 03 3.2797t 03 3.2835t 03
1.1038t*05 _3.6821t 03 3.9946t 03 : 3.9993t 03
1.1214t*05 4.5970t 03 4.731Bt 03 4.7374t 03
1.1389t*05 5.3077t 03 5.4653t 03 5.4719E 03
1.1565t*05 5.9905t 03 6.1?D6t 03 6.1781t 03

'1.1741t*05 6.62551 03 6.8270t*03 6.8355t 03
1.1917t*05 7.1976t 03 7.4192t 03 7.4285t 03
1.2093t*05 7.6980t 03 7.937bt 03 7.9477t 03
1.2268t*05 8.1230t 03 8.37871 03 8.3895t 03
1.2444t*05 8.4741t 03 8.7438t 03 ' 8.7552t 03
1.2620t+05 8.7564t 03 9.0381t 03 9.0500t 03
1.2796t*05 8.9774t 03 9.2693t 03 9.!B17t 03
1.2972t*05 9.1459t 03 9,4465t 03 9.459?t 03
1,3147t*05 9.2711t 03 9.5790t 03 9.5920t 03
1.3323t+05 9.36171 03 9.6757t 03 9.6890t 03
1.3499t+05 9.4253t*03 9.7446t 03 9.7581t 03
1.3675t+05 9.4685t 03 9.7924t 03 9.80621 03
1.3851t+05 9.4966t 03 9.8247t 03 9.83 bet 03
1.4026t*05 9.5140t 03 9.6457t 03 9.8599t 03
1.420?t+05 9.5237t 03 9.8589t 03 9.8732t 03 -
1.4378:+05 9.5282t 03 9.6667t 03 9.88118 03

-1.4554t+05 9.5292E 03 9.8707t 03 9.h853t 03
1.473DE+05 9.5278t*03 9.8723t 03 9 BB70t 03

- 1.4906t+05 9.52490 03 9.87231 03 9.b872E 03 ''

1.5081t+ 05 9.5210t 03 9.8713t 03 9.8663t 03
1.5257t*05 9.5165t 03 9.6696t 03 9.8647t 03
1.5433t*05 9.5116t 03 9.6675t.03 9.8828t 03
1.5609t+05 9.5066t 03 9.56521 03 9.88044 03
1.5785E+05 9.5013t 03 9.b6??t 03 9.8782t 03
1.5960t+05 - 9.4960t 03 9.6601t 03 9.8757t 03
1.613tt*05 9.4907t-03 -9.8574t 03 9.8731t 03
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1.631?!+05 9.4t'53t 03 9.0546l 03 9.87051 03
1.f4 tat *05 9.479Vt 03 9.2519t 03 9.t479t 03
1. 6664 t * 05 9.47461 03 9.b495t 03 9.B05?t 03
1.t.239t*05 9.469?t 03 9. f>41.3t -( 3 9 f4?$t 03
1.70151*05 9.463tt 03 9.6434! 03 9 259Bi+C3
1.7191r*05 9.4! Bat 03 9 f405t 03 9.8571t 03
1. 73fJi + 05 9.453Dt 03 9.t37/t*03 9.tS43t 03
1. 754 5t * 05 9.4476t 03 9.t34tt 03 9.6515t*03
1. 7719t * D5 9.4412t 03 9.tliBI 03 9.84t71 03
1. 7B94t * D5 9.43f.Bi 03 9. t?t.Bl * 03 9.t45BI 03
1. BD tdt * 05 9.431?t 03 9.t?56t 03 9.t4??t*03
1.B246t*05 9.4?S3t 03 9.8721t 03 9.83931 03
1.f4??te05 9.4185t 03 9 t174t 03 9.t349t 03
1.tS90t*05 9.409Bt 03 9.811?t 03 9.t?t4t 03
1. 6773t * H 9.3973t 03 9.bDb6t 03 9.B1B?t 03
1,t149t*05 9.3775t 03 9.7t?51 03 9.6001t 03
1.9'?5t*05 9.345?t 01 9.7513t 03 9.76B9t 03
1.9301t40) 9.???St 03 9.69BBf 03 9.7164t 03
1,9477t*05 9.?O91[ 03 9.614?t 03 9.6319t 03
i.965?t*05 9.0B?Bt 01 9.4t47[ 03 9.50??t 03
1.9B2Bt*05 B.9000f 03 9.?v61L 03 9.3134t 03
2.0004t*05 B.64771-03 9.03491 03 9.05itt*03
2. 01t,Dt * 05 8.315Bt 03 8.6903t 03 8.7066t 03
?.0356t*05 7.BVB7t 03 8.?5641 03 B.?T20t 03
?.0531t*05 7.3973t 0) 7.1341t 03 7.74BBt 03
?.0707t*05 6.8194t 03 7.13171 03 ?.1453t 03
7. 0093t * 3 6.1800t 03 6.46451 03 6.47691 03
2, t 059t- 5 5.4993t 03 5.7539t 03 5.7650t 03
2.1?35' 05 4.6012t 03 5.0246t 03 5.0343t 03
?.14' .* 05 4.10V01 03 4.3021t 03 4.31051 03
2.* A.t*05 3.44811 03 3.6103t 03 3.6174t 03
?.176?t*05 P.834tt 03 2.96 Bat 03 2.9746t 03
2.193Bt*05 2.?B36t 03 7.3921t 03 7.396tt 03
?.2114t*05 1.8026t 03 1.tLAB7t 03 1.09?41 03
2.229tD 05 1.3946[ 03 1.4615E 03 1.4645[ 03
?.245t*05 1.057tt+03 1.10BBE 03 1.1110t 03
? ?i41t *05 7.B681t 04 8.2493t 04 8.?660t 04
? . ?B17t * 05 5.7415t 04 6.02100 04 6.0333t 04
2.2993t*05 4.11?0t 04 4.31311 04 4.3??DE 04
?.31t,9t*05 2.8916t 04 3.0337t 04 3.0400t 04

7.3344t*05 1.9975t 04 2.0961t 04 2.1005t 04
?.3520t405 1.356it 04 1.4734t 04 1.4263t 04
?.3696t+05 9.0527t 05 9.50371 05 9.5?35t 05
2.3872t*05 5.9446t 05 6.?420t 05 6.?5511 05
2.404Bl*05 3.8419t-05 4.0350t 05 4.0434t 05
?.4??4t*D5 ?.444tt 05 ?.56821 05 ?.5736t 05
?.4399t *05 1.53?$t 05 1.610?t 05 1.6136t 05
?.45 75t * 05 9.46Y61 06 9.9496E 06 9.9708t 06
P.4751t*05 5.7664t 06 6.0613t 06 6.07/21 06
?.492 7t * 05 3.4649t 06 3.64?BE 06 3.6537! 06
2.5103t*05 2.05401 06 2.1599t 06 2.1646t 06
2.5103!+05 0.0000t*00 0.0000t*00 0.0000t*00
1.0000t*06 0.0000t*00 0.0000t*00 0.0000E+00

|
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bl$CHAkGt $UMMARY f0R AlL 3 lbO1Dtt$
ISD1DPL PIAt Raft PI AK 11Mt 101AL(Cl) 101 AL(VilGHitD)

CHAIN 1 ,

hP237 9.5292t 03 1.4554t*05 9.485Pi+02 v 4BF9t*02 ,

U233 9.8725t 03 1.4906t * 05 9.8517t*02 9.8517t*02 ;

IH229 9 EBTit 03 1.40D6t*05 9.6674t*02 9.B674t*02 e

101AL(b4 tCN1tD) e 2.9205t*03 1

|

LuaV110 RE AD DAI A $ti 8 2
INE INPUI litMS 10 tt Rt Rf AD Att

ALL OPfl0N$
,

'
PARAMtitR$

GRDUP1 = OPil0N$ ,

................

$1 ANDARD PRIN1, NDN!!RO en PRINT ?

OP110N VALUE OUTPUI DisCRIP110N
1 1 tt$1 0F ALL PARAMt1ER$
2 0 1Pt ht1WDRK LIG PRDPENfit$ ARRAY
3 0 THE Nt1 WORK JUNC110N PRDPERiit$ ARRAY
4 0 THE MiGRAll0N PA1H PRDPtR11t$ ARkAf
5 0 tHE D(CAY CHAlh PRDP! kilt $ ARRAY
6 0 THE titMENT PRDtttfits ARRAY
T l' FLulD VELOClitt$ & $0URCE/DISCH f LOWRAlt$

'

8 1 $UBCHAINS. DECAY, l'RODUC11DN, & VfLOCill!$ r

9 1 $ PACT 8 11Mt $1tP$ AND $0VRCE TYPL
10 1 11Mt DEPtNDENT DU1PUT s

If fW, DI$ CHARGE RAl!$ (VIRY W1H 11Mt $1tP*

IF N, CONCENTRAllDN$ (VIRT NTH 11Mt $1tP*

11 - 1 DISCHARGE $UMMARY

EX1tRNAL fil!$, N0hltRO es FILE WRititN/RE AD
DP1]DN VALUE CORRt$PDNDING filt

12 0 Wellt $RAlt.DA1, SOURCE RAlts (Cl/y)
13 1 WRllt DRATE.DA1, 015 CHARGE RAtt$ (Cl/y)

-,

-14 0 Not CURRENTLY UstD <

15 0 READ $ AMP.DAT, $AMPLLO DATA NORMALLY FOR RIPEAf tD 1RI ALS
16 - 0 RE AD VFitLD.DA1,11ME DEPENDENT VILOCllit$ p

17 0 RE AD $tLOW.DA1,11ME Dil'tNDENT FLOWR Alt $

RUN CC 1ROL$
OPfl0N VALut DESCRIP110N

15 0 U$t DVM(0) 04 ANALfilt $0LN(1)
19 0 $0tyt ht1Want(0) DR INPUI VtLOCl11t$(1)
20 0 LtACH(0), $0LU61L111t$(1), De 80fM(2)

- 21 0 FLDW1HRU(0), MIXCitt(1), DR CHoost(2)
22 0 CDNSTAN1(0) Da (XPokthil AL(1) LIACN RAtt
23 0 FDRCf(l) U$t of ttG 10 LEG 1RAN$f tk ALGOR 11HM
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DEBUG Palkit, 00h2120 ** PalWI
OPil0N VALUt OUTPUT DitttlPil0N

24 0 DVM MutIIPtitel FOR 1 rah 5 Pott OllCHAACt AhD SOURCE
25 0 DIAGNOS11C Ihf0 IDR $UBtaullht BAND
26 0 DI AGNolitt thfo IDR FUNCilDN Gli
27 0 KAf tl*/vtCf DR SYlitN 10 LE SDLVED f De flow
28 0 INE DAT A f enM Unit 10, sAMP.DAT
29 0 hof CutatWILY USED
30 0 thvtN10aY Af alltAst !!Mt
31 0 tt$1RIC1]DNS PLACt0 DN THE fikt litPS
32 0 LEG /JUNCilDN & JUNCilDN/LtG CDhhtCilD41
33 0 VtLDClfits FROM THE ExitthAL fitt, UNil 11
34 0 THE AloM COUNI SUMMARY
35 0 JUNCilDN PttssuRES & ttG FLOWRAf ts
36 0 LEG 10 LtG f tAhtitt FRAtilDh5
37 0 IIME SPENT Al EACH lt01DPt IN A $U9CHAth
38 0 11ME Dtf'tWDIW1 SOURCE flovaAf ts

*** WARN!hG*** " DEW 511Y Of SOURCE ILUID" WC' JttD
*** WARN!k?*** PDRE VfLOClfits h01 USID, llWCf THit A#f DBT AthED FRDM htf WORK OR tyttf NAL FILI

FOR 51t ADi 11 Af t FLOW
.....................

LIG kO. PDRE VE L DC I T T
ft/y

13 2.3071t*00
14 2.3071t*00
10 2.4917t*03

3 7.8759t * 02
4 7.8759E * 02

PAIN ltWGIN ftDM LDURCE BOUNDARY (ft) e 1.A)*^*+05
AvtRACE FLU 1D VILOClif (ft/y) * 7 *01-

f LOW R ATE THROUGH $0VRCt e 3.73. it *02 f t**3/y
FLOW Raft AI 015CHARCE e 1.41TTI*09 ft**3/y

DECAY /PRODUCil0N F ACf Del AND VILDClijt$ FDR ( ACH &dSCHAlb TR Ah5PDRf[D
$UBCHAlN 8 Dt%CRIPilDN DECAV/PF0DUC110N

1 (DECAY) hP237 9.93539[ 01

2 (DECAY) U233 9.17937t 01
3 kP237 >U233 6.19170E 03

4 (DECAY) TH229 1.49546t-01
5 U233 >1H229 3.62590t 02
6 kP237 >U233 >1H229 1.55853t 04

VitDC11Y INfDRMA110N FDR EACM SUBCkAIN
$1NCLE LEC OPilDN

8 Mik VfLDC11Y MEAN VELOCi1Y MAX. VELDC11Y MEAA COURANT WO.
1 8.92003t 01 1.25969t*00 1. 62 73BI * 00 8.B4516t+00
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2 8.92003t 01 1.25969to00 1.6?T38to00 8.84536t000
3 8.92003t*01 1.25969t+00 1.62738t + 00 8.64536t+00
4 8.92003t 01 1.25969t*00 1.62 T38t +00 8.64536t+00
5 8.92003E 01 1.25969t+00 1.62738t+00 8.64536t+00
6 8.92003t 01 1.25969t+00 1.62T3Bl+00 8.64536t+00

THE EPAtt $1tP ** + **- Du a 2.64993t+03 Fi
101 AL WVM8tt 07 C410 8tDCtl** Nix e 31
WifM total CATCHit 8LOCKt**** Wtx e 0 pg
INE 11ME SitP * * * * + *. Of a 2.00118t+04 Y
FLWikRU $0VRCE M00tt WITM 1 $0VRCE 8 LOCKS

to

1

R ADIONUCLICE DISCHARGE RAf t (Cl/Y)
YEAR Wr237 U233 1M229

0.0000t+00 0.0000t*00 0.0000t+00 0.0000t+00
2.0012t+04 0.0000t+00 0.0000t+0; 0.0000t+00
4.0024t+04 0.,0000t+00 0.00000 ?*. 0.0000t*00
6.0035E+04 0.0000t+00 0.0000t+00 0.0000t+a0
8.0047t + 04 0.0000t+00 0.L900t400 0.0000(+00
1.00D6t * 05 4.4543t*04 4.wt14t 04 3.8541t*04
1.200Tt*05 - 7.0456t*03 T.2s32t 03 7.2278t 03
1.4005t + 05 9.5180E 03 9.6472t*03 9.8332E 03
1.6009t + 05 9.4946E 03 9.8569C 03 9.B447t 03
1.8011t+05 9.4134t 03 9.8040t 03 9.7963t 03
2.0012t*05 8.6%55t * 03 9.0556t 03 9.1073t 03
2.2013t+05 2.6530t 03 2.7788t 03 2.8008t 03
2.4014t*05 1.4029t 04 1.4713t 04 1.4824t*04
a 6015t+05 1.5909t 06 1.6715t 06 1.6804t 06
2.8016t +05 3.5028t*10 3.68??t 10 3. 7046t * 10
3.0018t*05 0.0000t+00 0.0000t + 00 0.0000t*00
3.2019t+05 0.0000t+00 0.0000t+00 0.0000t+00
3.4020E+05 0.0000t*00 0.0000t+00 0.0000C+00
3.6021t+05 0.0000t*00 0.0000t+00 0.0000t+00
3.8022t+05 0.0000t+00 0.0000t+00 0.0000t*00
4.0024t+05 0.0000t+00 0.0000t+00 0.0000t+00
4.2025t+05 0.0000t+00 0.0000t+00 0.0000t+00
4.4026t+05 0.0000t+00 0.0000t+00 0.0000t+00
4.602?t+05 0.0000t + 00 0.0000t+00 0.0000t+00
4.8028t+05 0.0000t+00 0.0000t*00 0.0000t+00
5.0029t+05 0.0000t+00 - 0.000Dt+00 0.0000t+00
5.2011t+05 0.0000t+00 0.0000t+00 0.0000t+00
5.4032t+0% 0.0C00t+00 0.0000t+00 0.0000t+00
5.6033t+05 0.000Lt+00 0.0000t+00 0.0000t+00
5.8034t+05 0.0000E+00 0.0000t+00 0.0000t*00
6.0035t*05 0.0000t*00 0.0000t+00 0.0000t+00
6.2036t+05 0.0000t+00 0.0000t+00 0.0000t+00
6.403BC+05 0.0000t+00 0.0000t+00 0.0000t+00
6.6039t + 05 0.0000t+00 0.0000t+00 0.0000t<00
6.8040t + 05 0.0000E+00 0.0000t+00 0.0000t+00

g 7.0041t+05 0.0000t+00 0.0000t + 00 0.0000t+00
4. 7.2042[+05 0.0000t+00 0.0000t+00 0.0000t+0C

T.4044t + 05 0.0000t+00 0.0000t+00 0.0000t+00

<
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7.6045t + 05 0.0000t+00 0.0000t*00 0.0000t+00
7.8046t+05 0.0000t*00 0.0000t*00 0.0000t*00
8.004 7t + 05 0.0000t+00 0.0000t + 00 0.0000t+00
8.2 D4 Bt * 05 0.00 Dot + 00 0.0000t+00 0.0000t*00
6.4 04 Pt + 05 0.00 bot *00 0.0000t+00 0.0000t*00
8.6051t+05 0.0000t*00 0.0000t * 00 0.0000t*00
6.B052t+05 0.0000t * 00 0. D000t + 00 0.0000t*00
9.0053t*05 0.0000t*00 0.0000t+00 0.0000t*00
9.2054t+05 0.0000t*00 0.0000t*D0 0.0000t+0i
9.4055t*05 0.0D00t+00 0.0000t*00 0.0000t+00
9. 6056t + 05 0.0D00t+00 0.0000t+00 0.0000!+00
9.805Br*05 0,0000t+00 0.0000t*00 0.0000t+00
1.0006t * 06 0.0000t+00 0.0000t+00 0.0000t*00
1.0206t + D6 0.0000t*00 0.0000t+00 0.0000t+00

0!$ CHARGE $tmARY FOR ALL 3 Itoforts
l $0100E PtAK RAlt F"AK 11Mt 101 AL(Cl 3 101 AL (Vt !GHitD)

CHAlW 1
WP237 9.5180E 03 400Bi+05 9.4812t+02 9.4812t+02
U233 9.8569t 03 1.6009t+05 9 B471t*02 9.8471t*02
TH229 9.544TE 03 1.600?t+05 9.8149t+02 9.8349t*02

101AL(Wt| Chit 0) = 2.9163t*03

**** WORMAL ftkM|kAllDN ****
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e nesseeeeeeeeeeesseeeeeeeeeesesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
e e

* htFTRAN 11 * PC Vit$1Dh Rtita$tD DC1DBit 1990 *
* e

* btFIRAN ll: $AMPLt PRD6LtM 2 FCe U$tt'$ MANUAL (PC Ytt$10N) .

' (kiCl'11DN DAf t 11/12/1990 AND 11Mt 12:11:47 *

e e

eseeseeeeeeeeeeeeeeeeeeeeeeee....seseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee,

PARAMtitts

CROUP 1 * OPflDNS
................

$fANDARD PRiki, NDN!!RO se PRINT '

OPflDN VALUt DUTPUT*Di$CRlPilDN
1 1 Li$t Of ALL PARAMt1[R$
2 1 THE htfWDRK LIG PRDPittit$ ARRAY
3 1 THE Ntf WORK JUNC110N PRDPER11t$ ARRAY
& 1 THE MILRAfl0N PATH i'ROPiktits ARRAY
5 1 THE DECAV CHAlW PRDPER11t$ ARRAY
6 1 THE titMENT PRDPERf!!$ ARRAY
7 1 FLul0 %TLDClitt$ & SDURCt/Di$CH FLDwRAlt$ '

8 i $USCHAths DtCAY, PR000C110N, $ VtLDClfill
9 i $PACI & 11Mt $1tr$ AND SDURCE TYPt

10 1 TIME DtP(NDENT DUTPUT
. IF eN, Ol$CHARGt Raft 1 tytRY WTH 11Mt $1tP
* IF N, CONCINTRAllCES EVERY NTH TIMt $1tP

11 i DISCHARGE SUMMARY

ExifRNAL flLts, WONZERD se Filt WR|,itW/RCAD
OPilDN VALUE CORAt$PONDING FlLi

12 0 VRl![ $PAf t.DA1, SOURCE RAf ts (Cl/y)
13 i WRitt draft. PAT, DISCHARCt RAtt$ (Cl/y)
14 0 NOT CURRENTLY U$tD
15 0 RE AD $ AMP,DA1, $AMPLtD DAT A NORMAL LY FOR ktPC Af!D TRI ALS
16 0 RE AD VFitLD. Dei,11Mt DEPINDINI VELDClflts
17 0 RE AD $FADW.DAl,11ME DEPENDE NT FLOVR Af t$

RUN CONTROLS
OP110N VALUE DESCRIPiloN

18 0 U$t DvM(0) DR ANALV11C $DLN(1)
19 1 SOLVE NtfWORK(0) OR INPUT Vf LDClfits(1)
20 0 LEACH (0), $0LUBill11t$(1), ce BotH(2)
21. 0 FLDWTHRU(0), MI ACitt(1), OR CHDost(2)
22 0 CONSTAN1(0) OR EXPONth11 AL(1) LEACH RAi!
23 0 70RCt(i) U$t 0F LEG TO LIG 1RAN$FER ALGOR 11HM

DtBUG PRlWi$, NDNZERO se PRINI
DPilDN VALUt DUTPUT DESCRIPflDN

24 0 DvM MutilPlltk$ FOR TRANSPORI, OlSCHARCE, AND $DURCE
25 0 DI AGNOS11C INFO FDR SUBROVIINI BAND

E-13
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26 0 DIAChol11C lhfD IDR fuhCilDN Gli
27 0 NAf tlX/41CfCd $181(M 10 St $0LVt0 FDR FLOW
28 0 THE DATA It0M UNif 10, ; AMP.DAT
29 0 hot cutttW1LY U$tD
30 0 IWVthf04T At RELIAlt flMt
31 1 tt$1ticilDks PL ACED ON INE 11Mt $ttPS
32 0 LtG/JuhC110N & JUNCilDN/LtG CCmklCilDNS
33 0 vtLOC111tt IROM THE EXttthAL filt, UNIT 11
34 1 1HE A1(M COUN1 $U m Att
35 0 JUNCilDN Ptt$$Utts & tic FLDutaitt
36 0 LEG 10 LEG ttAhtf tt IRAttlDNS
37 1 11Mt $ PINT Al ( ACM lt01 Dot IN A $U$CHAlW
38 0 flMt etrtWDtN1 $3URCE ILDVRAlt$

CtauP2 f tooltM $1rtl
......................

VALUE tt sCR IP f l DN
2 WUMBit of ktfWDRK LIC$
0 WUM0tt Of Wt1WDaK JUkC11DNS
2 WUw?tt Of MICRAllDN PAIN LtC$
1 WUMEtt Of DECAV CHAlbs ikPUI
1 WJMBit Of (LIMENTS lWPUI

DICAT (kAlk$
RUM 3tt INCLU$1DN
MIMHtt$ IN0tX

1 0

Cta)P3 $0VRCt/ FLOW PARAMiltt$
...............................

VALUt Distt lP f lDN
1.0000t*00 f TAC 110N Of SoutCt Attt$$1D
0.0000t*00 PDRE VOLUME CDNT AlWING $0URCt (f t**3)
0.0000t+00 PDat t *d f oe 10btCE ttCIMI (f t**2)
1.0140te02 LtACM Raft (1/y)
0.0000t*00 Oth$11Y Of $0URCE FLUID (Lb/f t**3)
0.0000t+00 PC*t Atts At OltCHARCE (f t**2)

CR00P4 . IlMt PAR AMEf tt$
........................

VALUE tit $tt lPf lDN
2.6280E 02 11N! 10 (ND Of $1MULAllCW (y)
0.0000t*00 11Mt 0F ON$ti of MICRATIDN ty)
0.0000t*00 flMt of DN$ff Of LEACHlhG (y)
0.0000t+00 11Mt $ltP FOR $0VRCf (y)

1tAmir0t1 IlME $1tP$ IDt LACM CHAIN
CHAlWs 11ME $1tP(y)

1 0.000t+00

CROUP 5 INCttMENT DtittM!hAllON
................................

DIF AULT values utfllied

Network Properties Arrey
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Leg inlet Outlet L erig t h Area Wrdraullt b r ine
8 Jct jet (ft) (64 f t) E fft/d) C org .

1 1 2 9.h43[ 02 0.000t*00 0.000tet0 0.0001+00
2 2 3 9.f43ta01 0.000t*00 0.t00!*00 0.000t*00

.%I g r a t i on .ti,Prigertlig Array
Leg 01 t[wr sivi t y $swre $tep Olffusion? Md lle l ow-hile Mass ufer Vel oc i t y

e (ft) tit) he/tes*0/1 Perosity Po!9sity toel (1/yl (ftly)

1 2.$5Pt 02 0.000t*00 0 0.000t*00 0.000t*00 0.000t*00 4.60Vt*07
2 2.5)?t 02 0.000t * 00 1 2.60 4 01 1.400t 01 3.0 3t*02 4. 60?( + 02

Decay thetn Array
h one Atomic Item. L oc al Par erit to.ent f r ac t ita f r ac t ion ineentory kalf Life Weighttrig

A6 Mats inden trden #1 W2 f r om $ 1 f rta # 2 (Cl) (y) f ac t r.t
ttCAV CkAIN f I
solute 243.0 1 1 0 0 0.009t * 00 0,000t*00 1.181t*00 3.00ht*03 1.009t*D0

t iewnt Pr r4er t ies Ar t ey
!!nm. Soldallity leg I'otil l lerabile
t ryk a (g/0) $ Rd Rd

.

1 0.0n0t*00 i 1,000tes0 0.000t*0*
2 2.00nt*00 3. 7t/4 + 00

ION $tt ADV $1 Af t Itow
................ ....

LIG NO. PDGI VtLOCitt
it/y

1 4.608?t * 02
2 4.6C3?t*02

(A1H |(kGlH PROM $0 LACE 80l e ADV (ft) = 9.% 25t 01
AVitALL flulD vtLDClif (f t/y) e 4.60891*02

ftCW RAlt fMROUCH $0URCE = 0.0000t*00 it**3/y
FLOW RAlf Al DISCHARCE e 0.0000t*00 ft**3/y

THC OtitkNikAlf DN OF 1HI IlMC sitP f OR SOURCI l'ROCtt0$ A$ f OttOus:
ilACH l'U(St R[$1 tlc]]QN D11 a 1.971.*t. 03y3

Half Lif t t[51RittlDN, 012 = ?.6280i 0?y
FDRCING N9MihAL s Sitr$, 01 MAX * t.3140t Oly

*** likAL CHotti, Of a 1.314CT 03y
S

11El$ IN flNDlbG 1R Ah5PQ11 I| Al $f f P3
MAMlMUN PO:$lett 01 = 3. D62 .f 4 - 01y

IDR NOMihSL 8 Of lit?$ 01 = 8.76000t 04y

OECA1/PRODUC110N f ACIDal th0 Vll0C111t $ f 0R ( ACH SL90H4th f t ANSPOA f tD
SUSCWAIN # bitCRIPilON DiCATf f R ODi)( t ] DN

E-15
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(02 CAT) solute 1.00?00t*00'

Vf LOCitt ikFORMA1104 F081 ( ACH $U9CHAlN
LIG 1

# Mik VfLOC117 ktAN VILOClif MAX. VitDCitt MEAN COURAh! WO.

1 2.20 05t*02 4.60EC9t+02 7.01373t + 02 2.87140t+01
LtG 2

# MIN vilDCity ktAN VILDC11Y MAK. VfLOCl1Y MEAN COURAhl kO.
1 6.03964t*01 2.3D445t * 02 4.00493t + 02 1.64080t+00

DA e 1.40607t 02 fttract $1tPttic 1)... ... -

# Of BloctttttG 1)... - - kt = 7
kC e 0A 0F CATCktk BLOCtl(LEG 1) .. -- -

1.23031t-01 f1TRACE $1[P(t[G 23...... . .. Dx =
# OF GLDCr$(LEG 2) ... ..... wx . 8

8 0F CATCHER BLOCit(LtG 2) ..--. .... wt . o
,

TOT AL NUM8th of CRID BLOCKS.. Nix e 15
With 101 AL CATCHER BLDCts- Etx e 0
THE 11Mt $1tra . - 01 e 8.76000t 04 f
flovlHRV $0UTCt MODEL

1

RA010NUCL10t DISCHARCE FAff (Cl/Y)
YtAR tolute

0.0000t*00 0.0000C+00
8.7603t D4 0.0000t+00
1.7520t 03 0.0000t+00
2.6280t 03 1.b857E 01
3.5040t 03 2.6177t*00
4.3800[ 03 8.610 7t * 00
5.2560f 03 1.8124t+01
6.1320E 03 3.0178t*01
7.00801 03 4.3460t*01
7.884CE 03 5.6750t * 01
8.7600C 03 6.,9159t + 01
9.6360f 03 8.0GT5t'01
1.D512t C2 8.9317t + ')1
* 13BBC 02 9.6787[ 01..

1.2264t -02 1.020;f*02

1.3140t*02 1.0447t+02
1.4016t 02 1.0lB8t*02
1.4892E 02 9. 7108t * 01
1.5768t ce 8.7932t*01

3 1.6644t 02 7.e64 Dt + 01
1.7520t 02 6.4556t*01
1.8396t D? 5.276CE*01
1.9272E 02 4.1989f*0t
2.0148E 02 3.264?t*01'

,

2.1024t 02 2.4854t+01
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2.1900E 02 '1.8579E+01
2.2776t 02 1.5661E+01
2.3652E 02 9.8975E +00
2.452BE-02 7.075BE* D0
2.5404E 02 4.9977t + 00
2.6280E 02 3.4914E+00
2.7156C-02 2.4147E+00

l

\ A10H COUNT Af 2.7594E 02 YEARS
j NAHE SOURCE IN DISCHARGED MOBILE PHASE IHM081LE PHASE

solute 5.965E+21 5.943E+21 5.604E+18 1.66Ct+19
TOTAL 5.965E+21 5.943E+21 5.604E +18 1.660E+19

OlSCHAECE SUMMARY FOR ALL 1 ISOTOPES
ISOTDPE P!AK RATE PEAK T!ME 101AL(Cl) TOT AL(WEIGHT ED)

CHAIN 1
solute 1.0447E +02 1.3140E-02 1.1731E+00 1.1731E +00

TOT AL(WEICHIED) = 1.1731E +00

* * ** *ORMAL 1[FMi kAf !DN ** **

i

1
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* Ntf1RAN ll * PC VERSION RELE ASED OCTOBER 1990 *
,

NEfiRAN 11: SAMPLE PROBLEM THREE WEfiRAN Il MANUAL (PC VERSION) **

* EXECullok SATE 11/12/1990 AND 11ME 12:15: 5 *
,

. . 1

.....................su-- .....................e ......................

PARAMETERS

GROUP 1 * DP110NS
.. .. ..........

STANDARD PRINT, NONZERO ** PRINT
OPi10N VALUE OUT PUT-DE SCRIPT 10N

'1 1 LIST OF ALL PARAMETERS
2 -1 THE NETWORK LEO PRDPERTIES ARRAY
3 1 THE NETWORK JUNCTIOE PROPERi!ES ARRAY
4 1 THE MICRAfl0N PATH PROPERilES ARRAY
5 1 THE DECAY CHAIN l'ROPERTIES ARRAY
6 1 THE ELEMENT PROPERilES ARRAY
7 1 FLUID VELOClflES & SOURCE /DISCH FLOWRATES
8 1 SUBCHAlks DECA 1. PRODUCT 10N, & VELOClflES
9 1 SPACE & ilVE STEPS AND SOURCE iTPE

10 1 TIME DEPENDENT DUTPUT-
IF ..N, Di3 CHARGE RATES EVERY NTH flME STEP
IF N, CONCENiKAtl0NS EVERY NIH TlME STEP

11 1 DISCHARGE SUMMARY

EXIERNAL FlLES, NON2ERO m. FILE WRif1Eb 'E AD
.OPfl0N VALUE: CORRESPONDING FILE

.12 1 WR11E SRATE.DAT, SOURCE R Af f S (01/y)
13 1: VR11E DRATE.DAT, DISCHARGE RATES (Cl/y)
14 0 NOT CURRENTLi USED-
15' O READ SAMP. DAY, SAMPLED DAia NORMALLY FOR REPEATE.D TRf ALS
16 1 READ VFIELD.DAT, ilME DEPfrJENT VELOCITIES
17 0 READ SFLOW.DAT, TIME DEPENDENT TLOWRATES

RUN CONTROLS
OPTION VALUE DESCRIPil0N

18. O. USE DVM(0) OR ANALYTIC 30LN(1)
19 -1- SOLVE NETWORK (0) OR INPUT VELOCITIES (1)

J 20 0 LEACH (0), SOLUSILITIES(1), OR 801H(2)
21 0 FLOWTHRU(0), MixCELL(1), OR CH00SE(2)
22 0- CONSTANT (0) DR EXPONENilAL(1) LEACH RATE
23 0 FORCE (1) USE OF LEG 70 LEG 1RANSTER ALGORlTHM

DEBUG PRINis, NONZERO => PRIN'
DPTION VALUE 001Puf DESCRIPT!0N
- 24 0 DVM HULTIPLIERS FOR TRANSPORT, OlSCHARGE, AND SOURCE

25 0 DI AGNOSTIC IK!O FOR SUC;DuilNE CAND

E-18
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26 - 0 Di& GNOSTIC INTO FC2 FUNCilC3 Gli
-27 0 MATRIX / VECTOR ST$ TEM 10 BE SDLVED FOR FLOW
28 0 THE DATA FROM UNIT 10, SAMP.DAT
29 0 NOT CURRENTLY USED
30 0 INVENTDRY AT RELEASE TIME
31 1 .RESTRICilDNS PLACED DN THE TIME STEPS
32 0 LEG /JUNCilDN & JUNCil0N/ LEG CONNECT!DNS
33 1 VELOCITIES FROM THE Ex1ERNAL FILE, UNif 11
34 1 THE ATOM COUNT SUMMARY
35 0 JUNCilDN PRESSURES & LEC FLOWRATES
36 0 LEG 10 LEG TRANSTER FRAC 110NS
37 0. TIME SPENT AS EACM ISOTDPE IN A SUBCHAIN
38 0 TIME-DEPENDENT SOURCE FLOWRATES

GROUP 2 PRD8 TEM $!!ES
......................

VALUE DESCRIPTION
2 NUMBER OF NETWORK LEGS
0 WUMBER OF NETWORK JUNCil0NS
2 WUMBER OF MIGRATION PATH LEGS
1 NUMBER OF DECAY CHAINS INPUT
3 NUMBER OF ELEMENTS !NPUT

DECAY CHAlWS
NUMBER INCLUSION

. MiMBERS INDEX'
3 0

CROUP 3 * SOURCE / FLOW PARAMETERS
...............................

VALUE DESCRIPilDN
1.0000E * 00 FRACilDN OF SOURCE ACCEssto
0.0000E*00 PowE VOLUME CONTAINikG SOURt.; (8t**3)
0.0000E+00 PORE * AREA FDR SOURCE REGIME (f t*J ')
1.0000E 04 LEACH R'.TE (1/y)-
0.0000E*00 DENSliY OF SOURCE FLUID (Lb/ft**3
0.0000E+00 PORE-AREA AT DISCHARGE (ft**2)

GkCUP4 TIME PARAMETERS
........................

VALUE DESCRIPilDN
8.0000E+04 TIME 10 END OF SIMULATION (y)
0.0000E*00 TIME OF DNSET OF MiGRAilDN (y)

-0.0000E*00 TIME OF DNSET OF LEACHING (y)
1.0000E*03 flME STEP FDR SOURCE (y)

TRANSPORT TIME STEPS FOR EACH CHAIN
CHAIN # TIME STEP (y)

1 1.000E+03

~

CPOUP5 lNCREMENT DETTRMINAi!DN
................................

DEFAULT values utilfred

retwork Properties Array

r

.
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Leg !nlet Outlet length Area Hydraulic Brine
# jet jet (ft) (sq-ft) K (ft/d) C onc .
1 1 2 1.500E+00 0.000E+00 0.000E * 00 0.000E+00
2 2 3 6.560E+02 0.000E+00 0.000E+00 0.000E+00

Migration Path Properties Array
Leg Dispersivity Space Step Diffusion? Mobile Immobile Mass xfer veloci t y

# r. f t ) (ft) ho/tes=0/1 Porosity Porosity Coef (1/y) (ft/y)

1 1.000E 05 0.000E+00 0 0.000E*00 0.000E*00 0.000E*00 0.000E+00
2 1.000E+02 1.500E+00 0 0.000E + 00 0.000E+00 0.000E*00 0.000E*00

Decay Chain Array
Name Atomi; Elem. L oc a '. Parent Parent Fraction Fraction Inventory Half Life Weighting

A6 Mass Indea Inden #1 #2 From # 1 from # 2 (ci) (v) Factor
DECAY CHAIN # 1
AM243 243.0 1 1 0 0 0.000E+00 0.000E+00 6.063E+05 7.593t+03 1.00DE+00
PU239 239.0 2 2 1 0 1.000E+00 0.000E+00 1.307E + 07 2. 440E + 04 1.000E+00
U235 235.0 3 3 2 0 1.000E+00 0.000E+00 7.463E+02 7.100E+03 1.000E*06

Element Properties Array
Elem. Solubility Leg Mobit immobile
Index (g/g) # Rd Rd

1 0.000E+00 1 1.900E+01 0.000E+00
2 1.900E*01 0.000E*00

2 0.000E+00 1 1.900E+01 0.000E+00
2 1.900E+01 0.000E*00

3 0.000E+00 1 1.900E+01 0.000E*00
2 1.900E+01 0.000E+00

11ME-DEPENTENT VELOCITIES
Field flme (y) Leg velocity Saturation
Index Index (ft/y) Fraction

1 50000.0 1 9.80000E-02 1.000E+00
2 9.80000E-02 1.000E+00

2 80000.0 1 1.96000E 01 1.000E*00
2 1.96000E 01 1.000E+00

FDR NONSTEADY STATE FLOW
........ ...............

EARLIEST NDNDISPERSED BREAKTHRU 11ME (y) = 6.6939E+03
OVER THE TOTAL PATM LENOTH (ft; a 6.5600E+02

AVERACE FLUID VELOCITY AffAINED (ft/ ' = 9.8000E-02

DECAT/PRODUCilDN FACTORS AND VELOCITIES FOR EACH SUBt 'M TRANSPORTED
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$U9 CHAIN # DESCRIPflDD DECAY /PRODUCilDN

1 (DECAY) AM243 9.12755E 01

2 (DECAY) PU239 9.71992E-01
3 AM243 >PU239 8.59987E 02

2

-4 (DECAY) U235 9.99999E-01
5 PU239 >U235 2.80080E 02
6 AM243 >PU239 >U235 -1.24615E 03

VELOCITY INFORMATION FOR EACH $UBCHAlW
LEG 1

# MIN VELOCITY MEAN VELOCITY KAx. VELDClf Y MEAN COURANT NO.
1 5.14301E-03 5.15789E 03 5.iT278E 03 2.40702E*01
2 5.14301E 03 5.15789E 03 5.1727BE 03 2.40702E401
3 5.14301E 03 5.15789E 03 5.17276E 03 2.40702E*01
4 5.14301E 03 5.15789E 03 5.17278E 03 2.40702E+01
5 5.14301E 03 5.15789E 03 5.17278E 03 2.40702E+D;
6 5.14301E 03 5.15789E 03 5.17278E 03 2.40702E+01

LEG 2
# MIN VELOCliv MEAN VELOCITY MAX. VELDC11Y MEAN COURANI NO.
1 +4.19118E 02 5.15789E 03 5.22276E 02 3.4386CE+00
2 -4.19118E 02 -5.15789E 03 5.22276E 02 3.43560E+00
3 4.19118E 02 5.*5789E 03 5.22276E 02 3.43860E+00
4 4.1911BE 02 5.15789E 03 5.22276E 02 3.43S60E+00
5- 4.19* BE 02 5.15789E Eul 5.22276E 02 3.43860E+00
6 4.19118E 02 5.15789E 03 f.22276E 02 3.43560E+00

$ PACE STEP (LEG 1)---- DX = 2.14266E 01 FI
# OF BLOCK 5(LEG 1) - - *-- WX =. 6 -

# OF CATCHER BLOCK $(LEG 1)---- NC = 0

SPACE $fEP(LEG 2) - **- Ox = 1.50000E+00 FT
# OF SLOCKS(LEG 2) --*- - WX * 437

# OF CATCHER BLOCKS (LEG 2)* - - NC e 38

TOTAL NUMBER OF GRIO BLOCKS * NIX e 481
WITH TOTAL CATCHER BLOCK $ kEX = 38 i

"
THE TIME STEP ** -- - 01 = 1.00000E+03 Y
FLOWTHRU $0URCE MODEL

-1

RAD 10NUCL10E DISCHARGE RATE (Cl/Y)
YEAR AM243 PU239 U235

0.0000E*00 0.0000E+00 0.0000E*00 0.0000E+00
1.0000E*03 0.0000E+00 0.0000E+00 0.0000E+00
2.0000E+03 0.0000E+00- 0.0000E*00 0.0000E-* 00
3.0000E+03 0.0000E+00 04'J00E + 00 0.0000E+00
4.0000E+03 0.0000E+00 0.0000E*00-0.0000E+00
5.0000E+03 -0.0000E+00 0.0000E'00 0.0000E+00
6.0000E+03 0.0000E+00 0.0000E*00 0.0000E+00
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7.0000E*03 0.0000E+00 0.0000E*00 0.0000t+00
8.0000E+03 0.0000E+00 0.0000E*00 0.0000E+00
0.0000E+03 0.0000E*00 0.0000f*00 0.0000E+00
1.0000E * D4 0.0000E*00 0.0000E+00 0.0000E+00
1.1000E * D4 0.0000E+00 0.0000E + 00 0.0000E+00
1.2000E * D4 0.0000E+00 0.0000E * 00 0.0000E+00
$ ,000E+04 5.7839E 10 2.9463E 08 2.8939E i?

.4000E + D4 2.0287E-08 1.0942E 06 1.1136E-10
1.5000E + D4 1.9536E 07 1.1192E 05 1.1B09E 09
1.6000E404 1.0708E 06 6.5179E 05 7.12B6E 09
1.7000E+04 4.1851E 06 2.7089E-D4 3.0710E 08

-

1.B000E+D4 1.2740E 05 8.7704E 04 1.030$E 07
1.9000E * D4 3.2443E 05 2.3762E 03 2.8931E 07
2.0000E * D4 7.2056E 05 5.6158E 03 7.0841E 07

- 2. 3000E+ D4 1.4314E D4 1.1872E-02 1.5514E D6
2. 2000E + D4 2.6083E 04 2.3027E 02 3.ii64E 06
2.3000E+04 4.4D68E 04 4.1413E 02 5.8035E-06
2.4000E + 04 7.0134E D4 7.0161E 02 1.0179E 05i

2.5000E+04 1.05 79E -03 1.1266E 01 1.6920E 05
2.6000E*04 1.!265E 03 1.7308E 01 2.6901E-05
2.7000E+04 2.1170E 03 2.5557E 01 4.1102E-05
2.8000E*04 2.B366E 03 3.6460E-01 6.0669E 05
2.9000E*04 3.6864E 03 5.0449E 01 8.6829E 05
3.0000E+04 4.6601E 03 6.7905E 01 1.2087t -046
3.iODOE+04 2.7483E 03 8.9188E-01 1.6416E 04
3.2000E+04 6.9322E 03 1.1452E+00 2.1794E 04
3.3000E+04 8.1926E-03 1.4412E+00 2.8352t D4
3.4000E*04 9.5029E 03 1.7800E + 00 3.6194E 04!

3.5000E+b4 1.0838E-02 2.1617E+00 4.5424E-04
3.6000E+04 1.2169E 02 2.5845E*00 5.6117E 04
3.7000E+04 1.3469E 02. 3.0461E*00 6.8335E 047

y 3.8000E+04 1.4714E 02 3.5434E+00 8.2116E 04
R6 3.9000E*04 1.5879E 02 4.0720E*00 9.7473E 04

4.0000E+04 1.6947E 02 4.6277E+00 1.1441E 03
- 4.1000E+04 1.7900E 02 5.2050E+00 1.32BBE 03

4.2000E + C4 1.8727E 02 5.7989E +00 1.52B6E-03
4.3000E+04 1.9420E 02 6.4035E+00 1.7427E 03
4.4000E+04 1.9974E 02 7.0134E*00 1.9704E 03
4.5000E+04 2.03B8E 02 7.6222E+00 2.2108E-03

-

4.6000E+04 2.D664E 02 8.2276E+00 2.4627E 03
4.7000E+ D4 2.0806E 02 8.8216E+00 2.7251E 03
4.0000E+04 2.0821E 02 9.4006E+00 2.9966E 03
4.9000E+04 2.071TE 02 9.9605E+00 3.2762E 03
5.0000E*04 2.0503E-02 1. D497E +01 3.5624E 03

DECAY /PRODUCil0N FACTORS AND \ILOCITIES FOR EACH SUBCHAIN TRANSPORTED
SUBCHA!N # DEeCRIPil0N DECAY /PRODUCil0N

1 (DECAY) AM243 9.12755E 01

2 (DECAY) PU239 9.719"iE 01
3. AM243 >Pu239 J.59987E 02

4 (DECAY) U235 9.99999E 01
5 PU239 >U235 2.80n80E 02

_
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6 AQ243 >PU239 >U235 1.24615E 03

VELOCITY INf:JtkATION FOR EACH CUBCHAIN
LEG 1

# MlW VELOCITY MEAN VELOCITY KAX. VELOCiff MEAN COURANT LO.
1 1.02947E 02 1.03158E 02 1.03368E 02 4.81403E+01
2 1.02947E 02 1.03158E 02 1.03368E 02 4.81403E+01 1
3 1.02947E 02 1.03158E 02 1.03368E 02 4.81403E*01
4 1.02947E-02 1.03158E 02 1.03358E 02 4.81403E+01
5 1.02947E 02 1.03158E 02 * **'68E-02 4.81403E+01
6 1.02947E 02 1.03158E 02 .68E-02 4.81403E+01

*

LEG 2
# MlN VELOCITY MEAN VELOCITY MAX. VELOCITY MEAN COURANT NO.
1 5.62509E 02 1.03158E 02 7.68824E-02 6.87719E+00
2 -5.62509E 02 1.0315BE 02 7.68824E-02 6.87719E+00 |
3 -5.62509E-02 1.03158E 02 7.68824E 02 6.87719E+00 i
4 5.62509E 02 1.03158E 02 7.68824E 02 6.87719E+00
5 5.62509E 02 1.03158E 02 7.68824E-02 6.87719E+00
6 5.62509E 02 1.03128E 02 7.68824E-02 6.87719E+00

SPACE STEP (LEG 1) --- - DX = 2.14286E 01 FT
# OF BLOCKS (LEG 1) NK a 6--- - -*

# OF CATCHER BLOCKS (LEO 1) - -- NC = 0

SPACE STEP (LEG 2) -- Ox = 1.5C000E+00 FT
# OF BLOCKS (LEG 2)------ NX = 437

8 SF CATCHER BLOCKS (LEG 2) - -- -- -- kC e 38

70!AL NUMBER OF CRID BLOCKS * NIX = 481
WitM TOTAL CATCHER BLOCKS- -- NEX = 38
THE TIME STEP ----- -- -- -- Of = 1.00000E+03 Y
FLO C RU SOURCE MODE *.

5.1000E*D4 3.6875E-02 2.0127E + 01 7.0499E -03
5.2000E+D4 4.0540E 02 2.3542E+0i 8.5035E 03
5.3000E + D4 4.2357E 02 2.6189E+01 9.7563E 03
5.4000E+04 4.3280E 02 2.3492E+01 1.0947E-02
5.5000E+04 4.3547E-02 3.0526E+01 1.2096E 02
5.6000E+04 4.3260E 02 3.2290E+01 1.3194E 02
5.7000E+04 4.2512E 02 3.3789E*01 1.4237E-02
5.8000E+04 4.1383E 02 3.5024E+01 1.5216E 02
5.9000E+D4 3.9945E 02 3.6000E+01 1.6125E-02
6.0000E+04 . 3.8269E 02 3.6725E+01 1.6960E 02
6.1000E+04 3.6414E 02 3.7213E+01 1.7716E 02
6.2000E+04 3.4439E 02 3.74 77E +01 1 &392E-02
6.3000E+04 3.2391E 02 3.7534E+01 1.8987E-02
6.4000E+04 3.0310E 02 3. 7402E+01 1.9502E 02
6.5000E+04 2.8234E 02 3.7100E+01 1.9938E-02
6.6000E+D4 2.6189E 02 3.6645E+01 2.0297E 02
6.7000E+04 2.4198C 02 3.6056E +01 2.0581E-02
6.8000E+04 2.2280E 02 3.5353E+01 2.0795E 02
6,9000E+04 2.0447E 02 3.4548t+01 2.0941E-02
7.0000E+04 1.8709E 02 3.3663E+01 2.1025E-02

i
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7.1000E +04 1.7071E-02 3.2709E+01 2.1050E 02
7.2000E*04 1.5536E 02 3.1699E+01 2.1019E 02
7.3000E*04 1.4107E 02 3.0651E*01 2.0939t 02
7.4000E*D4 1.2780E 02 2.9570E*01 2.0812[ 02

I 7.5000E+04 1.1555E 02 2.6470t+01 2.0643E 02
7.6000E * D4 1.042BE 02 2.7361E+01 2.0437E 02
7.7000E+ D4 9.3935E-03 2.6246E+01 2.0195E 02
7.8000E+04 8.44b7E 03 2.5138E*01 1.9924E-02
7.9000E+ D4 7.5b69E 03 2.4039E*01 1.9626E 02
8.0000E + D4 6.8034E 03 2.2955E+01 i.9304E 02
8.1000E + D4 6.0929E 03 2.1892E+01 1.8961E 02

A10M COUwl At 8.1500E+04 ftARS
kAK2 $0URCE IN DISCHARCED MOBILE PHA$E IMMDBILE PHASE

AM243 5.0SOE+27 1.454E*25 2,236E+24 0.000E * 00

PU239 4.697E+29 4.407E * 2B 2.656E+28 0.000E*b0

U235 9.61tE*29 6.873E * 29 6.784t*29 0.000E+00

TOTAL 1.437E+30 7.314E+29 7.050E+29 0,000E+00

DISCHI NE SUMMARY FOR ALL 3 ISOTOPES
ISOT OPE PEAK RATE PE AK 11ME 10fAL(Cl) 101AL(WEIGH 1E*i

CHAIN 1
AM2 3 4.3547E 71 5.5000E+04 1.1277E + 03 1.1277t+03
PU239 3.7534E+01 6.3000E+04 1.0395E+06 1.0395E+06

U235 2.1050E-02 7.1000E+04 5.4 640E + 02 5.4 640E + 02

TOTAL (WEICHIED) * 1.0412E+06

**** NORMAL 1ERMINA110N ****

E-24

- _ _ ___ _ _ _ _ _ _ . _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ _ ___ _ _ _ _ ___



i

DISTRIBUTION

(RESEARCH) Mel Silberberg

MS NL/S-260
C. F. Birchard U. S. Nuclear Regulatory
MS NL/S-260 Conuni s sion
U. S. Nuclear Regulatory Washington, DC 2055"
Commission
Washington, DC 20555 (NM3S IlLW)

Linda Kovach P Altomare
MS NL/S-260 MS 4 -11- 3
U. S. Nuclear Regulatory U. S. Nuclear Regulatory
Cou; mis s ion Commission
Washington, DC 20555 Washington, DC 20555

Tim Margullen Panald Ballard

MS NL/S 260 AS 4 - 11 3
U. S. Nuclear Regulatory U. S. Nuclear Regulatory
Commission Commission
Weshington, DC 20555 'Ja sh i ng t o n , DC 20555

T. J. McCartin John Bradbury
MS NL/S-260 MS 4 -11- 3
U. S. Nuclear Regulatory C, S. Nuclear Regulatory
Commission Cona ; : rion

Washington, DC 2n ''ast .mgton , DC 20555

T. J. Nicholson Pauline Brooks
MS NL/S-260 MS 4-H-3
U. S . Nuc lear Reg *21at.ory U. S. Nuclear Regulatory
Commission Commission
Washington, DC 20$f Washington, DC 20555

W. Ott K.C. Chang
MS NL/S-260 MS 4-H 3
U. S. Nuclear Regulatory U. S. Nuclear Regulatory
Commission Commission
Washington, DC 20555 Washington, DC 20555

J. D. Randall Donald L. Chery, J r.
MS NL/S-260 MS 4-M 3
U. S. Nuclear Regu', tory U. S. Nuclear Regulatory
Commission Commission
Washington, DC 20555 Washington, DC 20555

R.7 ' ephard R. B. Codell
M5 -907 MS 4 11- 3"

. clear Regulatory U. S. Nuclear RegulatoryU. .

Courni s s i on Commission
Washington, DC .Tp1555 Washington, DC 20555

DIST-1



Neil Colemar. M.S. Nataraja
MS 4 11- 3 MS 4 -11- 3
U. S. Nuclear Regulatory U. S. Nuclear Regulatory

Conuni s s ion Commiision
Washington, DC 20555 Washington, DC 20555

Seth Coplan Jim 1 ark
MS 4-11 3 MS 4-|1-3
U. S. Nuclear Regulatory U. S. Nuclear Regulstory

Commission Commission
Washington, DC 20555 Washingt7n, DC 20559

Norman A. Eisenberg J.J. Peshel
MS 4 11 3 MS 4 -11- 3
U. S. Nuclear Regulatory U. S. Nuclear Regulatory

Commission Commission'

Washington, DC 20555 Washington, DC 20555

D.J. Fehringer J. Pohle
MS 4 -11- 3 MS 4 -11- 3
U. S. Nuclear Regulatory U. S. 1.uclear Regulatory

Commission Commission
Washington, DC 20555 Washington, DC 20555

William Ford John Trapp
MS 4 11 - 3 MS 4 11 3
U. S. Nuclear Regulatory U. S. Nuclear Regulatory
Commission Commission
Washington, DC 20555 Washington, DC 20555

P. S. Justus B.J. Youngblood
MS 4 -11- 3 MS 4 -11 3
U. S. Nuclear Regulatory U. S. Nuclear Regulatory
Commission Commission
Washington, DC 20555 Washington, DC 20555

Keith McConnell A. Alonso Santos
MS 4 11-3 Universidad Politecnica de Madrid<

U. S. Nuclear Regulatory J. Cutlerrez Abascal, 2

Commission 28008 Madrid, SFAIN

Washington, DC 20555
,

George Apostolakis
Tin Mo University of Calit'ornia

,

MS 4 11-3 5532 Boelter llall
U. S. Nuclear Regulatory Los Angeles, C/= 90024
Commission
Washington, DC 20555 D.E. Billington

liarwell Laboratory
United Kingdom Atomic Energy
Authority
Oxfordshire OX11 ORA
UNITED KINCDOM

DIST-2

/

O

____ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _



. ~ . - _ - . . - . - . - - - . ---. . - . - . - -_~.-.m-~ n . _ _. -

U.S.-Department.of Energy (2) G. de Marsily
- Yucca Mountain-Project Office Ecolo des mines de Paris
Attn: J..Boak. 35, Rue Saint Honore

J.R. Dyer 77305 Fontainbleau
P.0;' Box'98518- FRANCE .

Las VeBas, NV 89193 8518
P, Dickman

R.L. Bras
_ U.S, Department of Energy

Ralph Parsons . Laboratory Nevac'n Operations Of f ico
- Dept, of Civil Engineering P.0, Box 98518
Mass. Institute of Technology Las Vegas NV - 89193 8518
Canib ridge , MA 02139 '

Center .or Nuclear Waste
Mass,-Institute 6f Tech ulogy(2) Regulatory Analyses (7) jDept. of Civil Engineering Southwest Research lustituto
Attn: L.W. Celbar, Rm 48 329 Attn: Frank Dodge

D. McLaughlin, Rm 48 329 Christopher Frietas
- Cambridge, MA_ 02139 Ronald T. Orcon

Prasad M. Nair
Douglas Brosseau Wesley C. Patrick
ERCE, Inc. John Russell- '

1717=Loulslana NE. Suite 202 Budhi Sagar
-- Albuquerquo, NM 87110 6220 Culebra Rd,

San Antonto, TX 78228-0510
P.'Carboneras Martinez-
ENRESA University of Arizona (3)
Calle Emilio Vargas,'7 Department of Ilydrology and Water
28043 Madrid, SPAIN Resources

| _ Attn: D.D. Evans'

Battello Pacific Northwest Lab. Todd C. Rasmuuson
'

(5) Shlomo P. Neuman
Attn: C. Cole. Tucnon, AZ 85721:

4

P.G. Doctor.
P.-Eslinger - Katherino:N. Galther
A'H. Liebotrou . Applied'Research Technical.

A.E. Van Lulk Services, Inc.
3100 Port of Benton 4300 San Eateo NE, Sulto A220
Sigma V Building -- Albuquerque.-NM 87110-

Richland,-WA 99352-'

D. Galson
Noll Cooper Nuclear Energy Agency-

- Rutl.e rford -Ilouso Organization for Economic
:BNFL - Cooperation and Development' -

Risley
_ _ _ 38. Boulevard Suchet

'
-

unrrington_WA36AS - F 75016 Paris, FRANCE
UNITED KINGDOM

.

J,-J. K, Daemon

LDepartment of Mining and
Geological - Enginee ring
University of-Arizona
Tucson, AZ 85721-

!
DIST-3

,

--

-.---e . e-- w g w m> ---*r s' wh e -m u-*** --T*h- "" e +e - 'w- h-



- - - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _

S. Gomberg INTERA Env!ronmental Consultants
U.S. Departn.ent of Energy Inc. (2)
Regulatory Compliance Branch Attn: D.E. l.ongsine

Office of Civilian Radioactive M. Reeves
Waste Management 6850 Austin Center Blvd.
1000 Independence Avenue Suite 300
Washington, DC 20585 Austin, TX 78731'

- CRAM, Inc. (5) A. Nies
Atto: Michael T. Goodrich Institut tur Tieflagerung

Gretchen C. Newman Theodor-lieuss Strass 4
0. David Updegraff D-3300 Braunschweig
Krishan K. Wahi FEDERAL REPUBLIC OF GERMANY
Tony Zimmerman

[
1709 Moon St., NE P. Praco-lie r re ro

L Albuquerque, NM 87112 CIEMAT
Centro de Investigaciones

A. L. Cutj ahr Energeticas Medioambientales
Department af Mathematics y Tecnologicas
New Mexico Institute of Mining Avda. Complutense, 22

- and Technology 28040 Madrid, SPAIN

Socorro, NM 87801
C. Thegerstrom

__

Sharif lieger Nuclear Energy Agency

Department of Chemical and Organization for Economic
Nuclear Engineering Cooperation and Development
University of New Mexico 38, Boulevard suchet

Albuquerque, NM 87131 F-75016 Paris, FRANCE
-

D.P. llodgkinson B.G.J. Thompson
INTERA ECL llM Inspectorate of Pr:lution

Chiltern llouse Romney llouse
45 Station Road 43 Marsha- Street

Henley on-Thames London SWlP 3PY
0xfordshire, RG9 1 AT UNITED KINGDOM
UNITED KINGDOM:

Kenneth E. Torrance
Francis A. Kulacki Sibley School of Mechanical and
Office of the Dean Aerospace Engineering
College of Engineering Upson and Grumman llalls
Colorado State University Cornell University
Fort Collins, CO 80523 Ithaca, NY 14850

Clarence E. Lee S .L. Smith
- applied Physics, Inc. Woodcote Grove -

5333 Wyoming Blvd., NE, suite 3 Ashley Road
Albuquerque, NM 87109 Epsom-

Surrey KT1.8 SBW ,
-.

UNITED KINGDOM<

DIST-4

'

L

t_

-- - ~ _---_---_-_------_e_ _ _ _ _ _ _ _ _ _ _ _ _ _ __



.. . ..

JT.-Vieno
-Technical Resea:ch Center of--
Finland
P.O.' Box 169-
SF.00181 llelsinki 18- - -

FINLAND-

'Dr. Piet.Zuidema
NACRA
Parkstrssco 23 ~

C11 5401
Baden; SWITZERIJ01D

,

SANDIA NATIONAL LAB 0kATORIE3

1513 i R .: C. Dykhuizen
-3141 S. A. Landenberger (5)
3151 G.-L. Esch-
3223 P ,- A. -- Davis
6310- .To 0 Ilunter

--6310a F. W._ Bingham
6313 T.-E, Blejwas

|6315- L.'E. Shephard
6340 -W. D.-Weart
6342- D. R. Anderson
6342 M. G. z Marietta
6344 E. D, Gorham
6400 .D. 'J ; McCloskey
6410 D_. A. Dahlgren-
6415 :J._E.-Campbell

16415 .C. D..Loigh
6416. E . -J Bonano4

6416 'M.-S. Y. Chu-

-6416 S J: H. ' Conrad
:6416 A P. Gallegos
6416' O.'P -liarlan

16416 M. W. Kozak
6416 E.. ; R'. . Lindgren --
6416: |J. T. McCord
6416 -N.--E. 01 ague (16)
6416 P., I. Pohl
6416~ L, L. Price =

6416 ;R. R. Rao
J6416 J. A. Ro11stin

~

8524. J'.'A. Wackerly

;

.
- - - -

DIST 5

_ - _ _ _ _ = _ _ _ - _ _ _ _-



FMh s .eA-'4,W A Aagdal. 4+ 4bec 4 4 6 m*55.M8.--'UM.-W 3 -- ''^ " A h 8 dE. 5; pa+% M.M4 '- '- .h a m =4 r.4. 4JJRd #J 64._44dMSJshi W MEMe.S A sh 8, y4.5 m- ' 44 .e A-3.4M N Ad 4.L5.,_4 m#4,h MM4La 4 g F''d', Bro.,F,h Sa4M

$

2 c-

i .

k

i

n

4

t

-

.

.

I

s

( ' i

a

v
Y

I'-'

>

Ir
!

s
r

-4

)

i
I'
l

1
- , F

'_'.
__

_

-)

Y

I

..

.

. - , f

I.
: ,

t.- .

I.

p

s

4

[
.

1

i

Y
|
I e

'w--e-++v+-ns-ng.e v+,n,, -p ,c,,,. *8'M*'W 'T ree-sa'w ww isy,---gws,y,,e, _ _ * 1% .-



._ _ _ _ _ _ _ __. _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - '

hk; 80*v 33% U.S hvCLlaA AIGULatch t CoMMillioN i R('oRTN. Pet 6
' &Y., no #C?.'# ',, 'O.,4.?|" ""n na BIBl.lOGRAPHIC DATA SHEET

a,,,my.n m ea rae ,. n; NUREC/CR-5618
ia : aso susimi SAND 90-2089

User's Manual for the NEFTRAN II Computer Code
i .

3 castateoat t e.a-t:
. .. ~~~"_

wa1
}J

- February 1991
- e nsca cnast%svat.

A 1266
6 avia; %s:

_
s t vet or atece t

Natalie E. Olague, Dennis E. Longetine.
James E. Campbell, and Christi D. Leigh

7 e t R QD Co r t S ( D ,m...... &. ..

--

ag. gs c ,c;c ay a at ios - saei as o Aoo a e ss m =.c. c...., o on . .,~. vs =.m.. . c, c.~ . . . ,, ... ., .. ...-,, .. v...,F, .

Sandic National Laboratories #

Albuquerque, h'4 87185

l
: aisc

[- e sec 8sc.o nov,,o n cas a a tio% . h av t A N o ;.no n iss m a a c ,,,, w . n .,,... ,,,,. ., n: o,... c,, ,. .. .. c. v s ..... ..,. ,v, c,- ... ....o w. o

Division of Engineering
Office of Nuclear Regu] story Research
U. S. Nuclear Regulatory Commission
Washington, DC 20555

[ ic sveet Mistany sorts "~

u assina:t ux .,,.e a 'lhis document describes the NEFTRAN 11 (Network Flow and IRANsport in
Time-Dependent Velocity Fields) computer code and is intended to provide the reader with
sufficient information to use the code. NEFTRAN II was developed as part of a perfor-
mance assessment methodology for storage of high-level nuclear vaste in unsaturated,
welded tuff. NEFTRAN II is a successor to the NEFTRAN and NWFT/DVM computer codes andi

contains se"eral new capabilities. These capabilitien include: 1) the ability to input
pore velocities directly to the transport model and bypass the network fluid flow model,
2) the ability to transport radionuclides in tme-dependent velocity fields, 3) the
ability to account for the effect of time-dep ndent saturation changes on the retarda-
tion factor, and 4) tho ability to account for time-dependent flow rates through the
source regime, in addition to these changes, the input to NEFTRAN II has been modified
to be more convenient for the user. This document is divided into four main sections
cons Nting of J.) a description o'f all the models contained in the code, 2) a description
of the program and subprograms in the code, 3) a data input guide and 4) verificatioi
and sample problems. Although NEFTRAN II is the fourth generation code, this dntumant
is a complete description of the code and reference to past user's manuals should not
be necessa.'y.
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