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VORWORT 

Diese Programmbeschreibung basiert in wesentlichen Texten auf 
dem USER 1 S - MANUAL für SWIFT, Version TUB/PTC von Mai 1982 mit 
Korrekturen vom Februar 1986 der INTERA Environmental 
Consultants. Modifiziert und ergänzt wurden Beschreibungen für 
Programmteile, die von der Technischen Universität Berlin und 
der Gesellschaft für Strahlen- und Umweltforschung überarbeitet 
und hinzugefügt wurden. 



ABSTRACT 

This report describes a three-dimensional finite-difference model 
(SWIFT) which is used to simulate flow and transport processes in 
geologic media. The model wa.s developed for use in the analysis of 
deep geologic nuclear waste-disposal facilities. This document, as 
indicated by the title, is a user's manual and is intended to facil­
itate the use of the SWIFT simulator. Mathematical equations, sub­
models, application notes, and a description of the program itself 
are given herein. In addition, a complete input data guide is given 
along with several appendices which are helpful in setting up a 
data-input deck. 
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CHAPTER 1 
INTROOUCTION 

1.1 BRIE~ DESCRIPT !ON OF THE SWIFT MODEL 

Computer code SWIFT (~imulator for ~aste lnjection, Flow and 
Transport) is a ful ly-transient, three-dimensional model which 
solves th~ coupled equations for transport in geologic media. The 
processes considered are: 

(1) fluid flow 
(2) heat transport 
(3) dominant-speciesa miscible di splacement 
(4) trace-speciesb miscible displacement 

The first three processes are coupled via fluid density and 
viscosity. Together they provide the velocity field an which the 
fourth process depends. 

1.2 APPLICATIONS OF SWIFT 

Because of their generality, these models have many applications. 
They include, but are not limited to, the following: 

.. 

nuclear waste isolation in various geologic formations 
injection of industrial wastes into saline aquifers 
heat storage in aquifers 
in-situ solution mining 
migration of contaminants from landfills 
disposal of municipal wastes 
salt-water intrusion in coastal regions 
brine disposal from petroleum-storage facilities 
orine disposal as a byproduct of methane production from 
geopressured aquifers 

determination of aquifer transport parameters from 
well-test data 

a Hereafter referred to as "brine". 
b Hereafter referred to as "radionucl ides". 
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1.3 DEVELOPMENT OF SWIFT 

The first phase in the evolution of these codes )began in 1975 when the 
U. S. Geological Survey (USGS) awarded a contract to INTERCOMP Resource 
Oevelopment and Engineering, Inc., a company with international exper­
ience in oi 1-reservoir simulation and, at that time, the parent company 
of INTERA Environmental Consultants. The objective of this contract 
was to develop a general model to simulate waste injection in deep 
sal ine aquifers. The result of this effort was a simulator for 
single-phase fluid flow, heat transport both through the rock and the 
fluid media, and fluid compositional changes for a dominant miscible 
component. The work is discussed in the reference INTERCOMP [1976]. 

The second phase in the development of SWIFT began in 1977 at Sandia 
Laboratories of Albuquerque, New Mexico. This organization, under 

• contract to the U. S. Nuclear Regulatory Commission (NRC), sought to 
acquire, in the form of a computer simulator, a waste-isolation 
methodology to treat coupled three-dimensional transport of fluid, 
brine in nondilute concentrations, heat, and chains of radionucl ides in 
dilute concentrations for periods of time approaching one mi.l lion 
years. After examining the then existing technology at several 
national laboratories in -the U. S. and within the USGS, Sandia 
scientists concluded that no computer model existed which, included al 1 

the necessary features for a nuclear waste-isolation model. They also 
concluded that, among the avai lable models, INTERA's waste-injection 
program represented the state of the art for geosphere simulation. 
Consequently, INTERA was engaged under subcontract to Sandia to add tne 
transport of radionuclide chains to the existing code. The resulting 
computer rnodel, i.e., the original version of the SWIFT simulator, is 
discussed in the report by Oi l lon, Lantz, and Pahwa [1978]. Since that 
time, various submodels have been added and improvements in efficiency 
have been made. 

1.4 PURPOSE OF THIS DOCUMENT 

The purpose of this document is to describe the SWIFT model itself. 
Thus tne theoretical underpinning, the program structure, and an input 
data guide are presented. The discussion begins with the basic 
transport equations. 

2 



CHAPTER 2 
MATHEMATICAL MODEL 

2.1 TRANSIENT FLUID FLOW AND HEAT, BRINE AND RADIONUCLIDE 
TRANSPORT 

The transport equations used here are obtained by combining the 
appropriate continuity and constitutive relations and have been 
derived by several authors (e.g., see Cooper [1966]; Reddell and 
Sunada [1970]; Bear [1979]; and Az iz and Settari [1979]. The 
resulting relations may be stated as followst: 

Fluid: 

Heat: 

t 

* 

- 'il. ( p~) R a ( 2 - 1) q + = rr(<Pp) s 
convection production s alt accumulation 

dissolution 

-'v. ( pH~) + \?· (p;H•QT) - ql 

convection conduction/ heat los s to 
d i s per s i o n under/ov·erburden 

- qH qH 

injected produced ( 2 - 2 ) 

enthalpy* enthalpy 

= L [<PP u + a t 
accumulation in fluid and rock 

All terms are defined in the notation section. 

This is a source term since, via the sign convention adopted 
here, the rate of fluid injection is inherently negative. 



l3 r 1 n e 

convection 

- q 
C 

pr·oduced 
b r in e 

dispersion/ 
diffusion 

+ R 
s 

qC 

injected 
brine* 

= 

s a l t -
dissolution 

( 2 - J ) 

accumulation 

Radionucl ide (component i): 

-v·(pC.u) + 'v·(pE ·'vC.) -
1- =C l 

qC. 
1 

convection dispersion/ 
diffusion 

injected 
component* 

qc i 

produced 
component 

1-1 aste 
leach 

+ 
N 

[ k .. >. . K -4> o C . 
j=l lJ J J J 

generation of 
component i by 
decay of j 

= o (opKiCi) 
~ . 
'J l 

accumulation 

>.-K-qipC-
1 1 1 

decay of 
component 

Several quantities in Eqs. (2-1) - (2-4) require further definition 
i n t e r m s o f t h e b a s i c p a r a m e _t e r s . T h e t e n s o r s i n E q s . ( 2 - 2 ) , ( 2 - 3 ) , 
and (2-4) are- defined as sums of dispersion and molecular terms: 

* Thi!, is a source term since, v1a the sign convention adopted 

nere, the rate of fluid injection is inherently negative. 
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~c = Q + 0 ml ( 2 - 5) 

and 

~H = Q pcpw + K J ( 2 - 6 ) m-

where 

0 .. = aT u 6 .. + ( al - aT ) u . u . / u ( 2 - 7 ) 
1 J 1 J 1 J 

in a cartesian system. Also, adsorption of radionucl ides is included 

via an assumption of a linear equilibrium isotherm. This yields the 

distribution coefficient kdi and the retardation factor of Eq. 

(2-4): 

Equations (2-1)'- (2-4) are coupled by four auxiliary relations 
for Oarcy flux: 

( 2 - 9 ) u = -(~/µ)-{?p - p _g_ ?z) - gc 

porosity: 

<+> 
= <Po[l+cR(p-po)] (2-10) 

f 1 u i d density: 

p = PO [l+c (p-p ) - cT ( T - T ) + c s C] W 0 0 
(2-11) 

f 1 u i d viscosity: 
,.._ ,.._ 

(T-1-TR-1)] lJ = µR(C) exp [ B ( C ) (2-12) 

where parameter Cs is defined in terms of an input density range 

(PI - PN) and the reference density p 0 : 
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2.2 STEAOY-STATE SPECIALIZATION OF THE FLOW ANO BRINE-TRANSPORT 
EQUATIONS 

In safety evaluations for nuclear-waste depositories quite often the 
frame of interest may extend over many thousands of years. 
Typically the assumption of time-invariant flow, heat and brine 
conditions is justified in such cases due to the lack of specific 
data for such a long period of time. For the fluid flow, the 
overall effect of transient rainfall boundary conditions may have a 
minor effect on radionuclide transport. Ouguid and Reeves [1976] 
have shown this for a combined saturated-unsaturated simulation of 
tritiurn transport over a period of only one month. For the heat 
transport, a geothermal gradient or even a constant temperature may 
be adequate and can be prescribed as an initial condition for the 
SWIFT code.· For the brine transport, a relatively simple 
stratigraphy will sometimes permit a hand-calculation of the 
steady-state brine distribution. Such a case may also be included 
in the SWIFT calculation by the use of an initial condition. More 
complex stratigraphies, however, may require solution of the 
steady-state brine equation to give the brine distribution relative 
to the location of the salt formation(s). 

To treat such safety evaluations most efficiently, two steady-state 
options have been included in the SWIFT code. The first option 
permits solution of the time-independent flow equation: 

Fluid (steady state): 

q + 

conduction production 

= 0 

s alt 
dissolution 

(2-14) 

In both options the accumulation term is set to zero, as shown 
explicitly in Eq. (2-14). For the steady-state fluid flow option, 
however, the salt-dissolution term is also set to zero, and the 
presence of brine and heat are included via the mechanisms of a 
variable density and a variable viscosity. 

The second option permits a coupled time-independent solution for 
both fluid flow, Eq. (2-14), and brine transport: 

6 



ß r 1 11 c ( c, t c J d y s t a t e ) : 

-V·{oCu) 

convcct1on d I spe,· s 1 o n / 
diffus1or. 

1njcctcd 
brine• 

produccd 
b r 1 n e 

R 
s 

s.; lt -
d,ssolut1on 

= 0 

r n t h 1 s c c s e . 1 n a d d I t I o n t. c a v a r· 1 a b 1 e d e n s i t y a n d a v a r i a b l e 
v1scos1ty. the salt-d1ssolu:1on tei-m 1s non-zero, in general. 

2.3 SOLUTION TECi-lN!QUES 

(2-15) 

Equations (2-1) to (2-4) 1nclud1ng steady-state variation in Eqs. 

(2-14) and (2-15) forma se~ of coupled paraholic equations. !he 

equat1ons for f-]ow, Eqs. (2-1) or (2-14), heat, Eq. (2-2), and brine, 

E q s ( 2 - 3 ) o r ( 2 - 1 S ) , a ,· e 1· e 1 a t 1 v e l y s t r o n g 1 y c o u p 1 e d t h r o u g h E q s . 
(2-9) - (2-12) and must be solved 1teratively. However, the 

t ,· a n s p o r t e q u a t i o n s f o r t h e r a d i o n u c l i d e s , 1 . e . E q . ( 2 - 4 ) , a r e 
relatively weakly coupled to the others. This fact arises from the 

assu:npt1on of trace concentrat1ons for the radionuc11des. Thus, 

Oarcy ve"loc,ty, poros1ty, density and v1scosity are determined 

, n de p end e n t l y o f ,- ad i o n u c i : de c o n c e n t ,· a t , o n s . an d , f o r a g i v e n t 1 m e 
s t e p . t h e 1· e , s n o n e e d t o : t e r· a t e t h e r· a d i o n u c l i d e s o l u t i o n 

procedur?.. 

The numerical alqorlthm ,s d1scussed thoroughly in- Appendix A of 

I N T E R C O M c [ 1 ':l 7 6 J . H e :· c o 11 1 y a q e n e r a l o v e r v i e w i s p r e s e n t e d . V e r y 

b r 1 e f 1 y , t h e n , t 11 e r e g i o n o f I n t e r e s t I s d i v i d e d i n t o g r i d b l o c k s • 

and f1n1:e d1fferencing 1s ,nvoked ,n both space and time doma,ns. 

E I t h e r c e n t e ,· e d o ,· u p ·,1 1 n <1 - •.-, e 1 g h t i n q s c h e m es m a y b e u s e d in t h e s p a -

t1a1 d1fferenc1n9, and e1thcr centered or fully implicit schemes inay 

be used 1n the temporal d1ffr.,·enc1nq. The pr·imary difference between 

t , · a n s 1 e n : a n d s t e ad y - s t a t e a l g o r· , t h ms 1 s t h e · c h o i c e o f d e p e n d e n t v a r -

1ahles. In the latte,·, tll<= va,·1.:ibles a,·e p and C rather than op and 

{-, ( . S u C h a C h O i C e p e ,· ll1 l t 5 d 1 r· e C t C a l C u 1 a l i On O f t h e S t e ad y - S t a t e 

w 1 t h out c n y 1 n t e ,· m e d 1 a t e s t c p s . On c ,· a t her u n i q u e f e a tu,· e o f t h e 
algor1thn 1s a formdl 9auss1an el11111nat1on between the discret1zed 

f 1 o w • h e a t , an d b ,· , n e e Q u a t i o n s f o r t h e p u r· p o s e o f m i n 1 m i z i n q c o u p -

1 1 n g . A l so , t r" ans 1n i s S i b 1 l 1 t 1 e S • ,,, h i c h c o n t r o l g r i d - b 1 o c k t ran s f e r· s 

an d w h 1 c t. a ,· i s e f r o m t h e c o n du c t , o n an d d i spe r s i o n t e ,·ms , a ,· c l a g g e d 

by one time step, aga1n for the purpose of minimizing the deleterious 
cffects of the nonl1nea,· coupl1ng. 
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One of the attractive features of SWIFT is the matrix-solution 
option which this code offers. Either direct or two-1 ine successive 
over-relaxation methods may be used. Typical ly~ the former is pre­
ferable because of its efficiency. However, whenever core storage 
is a problem, the over-relaxation approach is available. In either 
case, sparseness methods are used to maximize computer efficiency. 
In addition, the method of Price and Coats [1974] is used to achieve 
an optimal band-width structure through a particular ordering of the 
yrid-bloc~ numbers. 

Another attractive feature of the code is that of dynamic storage 
allocation. The code has been written especially for storage effi­
ciency by placing al 1 variably dimensioned variables within one 
blank-com~on array. As apart of its initial setup procedure, the 
code then determines the maximum dimensions of these variables and 
allocates the .required core. Such dynamic allocation is permitted 
by most of the~Control Data installations on which the code is 
currently implemented. However, for other installations in which 
dynamic al location is not permitted, only the main subprogram need 
be recompiled to optimize storage. 

8 



CHAPTER 3 
SUBMODELS 

The SWIFT model contains several submodels which have been imple­
mented in order to broaden their ranges of applicability. Submodels 
for density, viscosity, wel 1s, and the overburden/underburden region 
were included in the original development for treatment of the 
waste-injection problem. Then, waste-leach and salt-dissolution 
submodels were added for assessing the transport of wastes within a 
bedded-salt formation, and a radiation boundary option was imple­
mented to permit a more general treatment of the heat transport. 
The following sections present mathematical formulations and, when 
possible, validations and verifications of these submodels. 

3.1 OENSITY 

One of the uniqOe features of the SWIFT model is that it permits 
variable densities and viscosities. The submodel for density is 
given in Eq. (2-ll)t: 

( 3 - 1 ) 

Tnis relation has been investigated recently by Muller, Ffnley and 
Pearson [1Y81]. They conclude that the use of constant values for 
Cw and c 5 are adequate for most simulations but that the constant 
c T m u s t b e ca r e f u 1 l y c h o s.~ n f o r t h e ex p e c t e d t e m per a tu r e rang e . 
They argue that since the variation of cw is only 0.5 percent for a 
pressure change of 100 bars that the use of a constant value of Cw 
is adequate for most hydrological Simulations. As for the brine 
coefficient c 5 , they note that the experimental ly observed variation 
of density with concentration is not linear for four different 
salts. However, using a linear relation introduces, at most, a two 
percent error in the density. Such an error would most likely be 
quite acceptable relative to other uncertainties in most simula­
tions. 

Parameter er is somewhat more variable than Cw and cs. To show this, 
Muller, Finley and Pearson compare experimental data from Kennedy 
and Holser L1966J with the linear model of SWIFT and with a density 
model of Sorey [1978], which contains a quadratic term in 

t All terms are defined in the notation section. 
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temperature. Figure 3-1 shows density variations from a reference 
value at 2o·c. As shown, Sorey's quadratic model compares quite 
favorably with the data. The linear model showsi a rather sensitive 
dependence to the value chosen for er. If this value is taken 
frorn the slope of the data at 2o·c, the predicted densities can vary 
frorn the data by as much as eight percent at elevated temperatures. 
However, if the value for cT is chosen at 60"C, the variation is 
no more than about one percent. 

The reference INTERCOMP [1976] examines parameters Cs and er as 
coupled functions of both brine concentration and temperature and 
makes similar observations. The conclusion is that a linear model 
is quite adequate for parameters Cw and c 5 , but that to use the 
1 inear density model, one must choose er based on the expected 
ternperature range. 

3.2 VISCOSITY 

The SWIFT rnodel uses Eq. (2-12) to express the dependence of viscos­
ity upon concentration and temperature, namely 

( 3 - 2) 

Quantities 
from data. 
Figure 3-2. 

WR and ß are ernpirical functions which are determined 
The relation in Eq. (3-2) is shown schematically by 

Data of varying amounts, depending on availability, 
specified along Curves r, i, and c and are used to determine the 

~ ~ . 

empirical relations µR (C) and B (C). Curves r and i are given 

ar e 

by the extreme concentration values and are given as µ(O,T) and 
µ(l,T), respectively. Curve c, on the other hand, is defined by an 
intermediate value of temperature called the reference ternperature 
TR, and is given by µ(C;TR). Frorn the data given for Curves r 
and i, the following four values of the ernpirical constants are 
determined: \JR(Ü), \JR(l), Br= B(O) and B; = 8(1). Frorn 
the latter two, function B{C) is deterrnined by linear interpolation. 
Frorn the forrner two, and from such additional data given along Curve 
c as may be avai lable, functi.on \JR(E) is determined either by 
linear interpolation or by power-law interpolation, depending on the 
arnount of additional data. Very briefly, then, Eq. (3-2) and the 
above-mentioned techniques for determining empirical functions 

~ ~ 

\JR{Cf and B(C) constitute the viscosity submodel of the SWIFT 
pro g(r am/. 
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The minimum amount of data which must be specified consists of the 
two points i.i(O,TRR) = VISRR and µ(l, TRR) = VIS{R. Here, additional 
data from the general curve of Lewis and Squires> [1934] is supplied 
internal ly ~Y the pro~ram. Additional ly, one may specify other 
values for C = 0 and C = 1, i.e., for Curves r and i in Figure 3-3. 
Or, in the best case, one may also supply mixture data for reference 
temperature T = TRR. 

Muller, Finley and Pearson compare model calculations in two of the 
above cases with experimental viscosity-temperature data for pure 
water. Same of their results are shown graphical ly in Figure 3-3, 
where the experimental data of various researchers may be compared 
with results from the SWIFT model. For the curve labelled "general 
curve of s;.;rfT", only one data point is supplied. The model supple­
mented this single data point with the general curve of Lewis and 
Squires [1934] and performed a least-squares fit to obtain the 
p a r am et er s µ R ( o·.} an d B ( 0 ) o f E q . ( 3 - 2 ) Mode l r es u 1 t s c o m p a r e 
relatively poorly with the experimental data at the two extremes in 
temperature. Her-e there is a 25-percent deviation of model results 
from experimental data. 

For the curve labelled "exact fit" in Figure 3-3, only two data 
points are supplied, namely viscosities at the reference temperature 
of 20°C and at 60°C. The model then performs an exact fit to obtain 
WR(O) and 3(0). The comparison with experimental data here is 
quite satisfactory for the temperature range O - 12o·c. Of course, 
additional viscosity-temperature values could be used to improve the 
fit still further. 

In INTERCOMP [1976], this viscosity model is compared with experi­
mental viscosity-concentration data. Varying amounts of viscosity­
temperature and viscosity-concentration (at 59"F) dat~ are spe~ified 
for the determination of the empirical functions µR (C) and B(C). 
In each case, the model is then used to calculate a viscosity-con­
centration curve at 150"F. Results are displayed in Figure 3-4, and 
the observations here are qui~e similar to that of Muller, Finley 
and Pearson [1980]. In Case III, only two data points are provided, 
and the viscosity model uses the data of Lewis and Squires [1934]. 
Here, the agreement between model and experimental results is rela­
tively paar with a maximum deviation of about 18 percent. On the 
other hand, in Cases I and II, where add{tional data is specified, 
calculated results are quite acceptable, showing, at most, a 5 per­
cent deviation from the experimental data. 
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3.3 SALT UISSOLUTION 

0 n e s u b rr; ,:: : •.: l o f t h e S W I F 1 ni o de 1 i s t h a t o f s a l t 1d i s so 1 u t i o n . Th i s 
mechan1s:;- appears in the fluid flow equation, Eq. (2-1), through the 
source te--m R~ and in the brine equation, Eq. (2-3), through the 
source te-rn R5 . These quantities are defined by 

R = qi ok f ( l - C J s s s ( 3 - 3 ) 

a nd b_y 

( 3- 4 ) 

wt1ere co€:fficient Cs is defined by Eq. (2-13). lt should be noted 
that two ~arameters are used to characterize the dissolution pro­
cess, nare ly a rate constant k 5 and a mass fraction f 5 of soluples 
to total solid.mass. This formulation of dissolution is similar to 
that of ,\:ilen, 'et al. Ll974J where salt-cavern formation for storage 
of crude oil was considered. 

3.4 wAS-:-E. LEACH 

Another submodel which is p,,.esent is that for waste leach: The 
purpose cf this model is to determine the source rate q0 ; (see 
Eq. (2-C. ) at which a radionuclide from a repository is dissolved 
into so1_tion. 

More spe:ifically, this model considers each radioactive component 
tobe ir, one of three distinct phases, characterized as being either 

(:) unleached from the waste matrix, 
(2) leached but undissolved, or 
\2) dissolved. 

Phases (~) and (2) are coupled by the leach rate. There is,_ of 
course, :onsiderable uncertainty in the time dependence of this 
rate. ~Jwever, in accord with arguments given by Campbell, et al 
[1978], ""e have chosen a constant leach rate for the implementation. · 
Phases l:::-) and (3) above are coupled by the solubilities. Very 
simply, the source rate q0 ; for dissolving Phase (2) is kept suffi­
ciently small so that the solubility of any given nuclide will not 
be exceeded. Radioactive decay and product1on processes are consi-
dered tr.roughout the analysis. 
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As mentioned above, there are three phases to be tracked, specifi­
cal ly, the unleached radionuclides within the waste matrix m;, the 
undissolved nuclides no langer in the waste matnix Si, and the 
dissolved leachate Ci. Tne appropriate conservation equations may 
be written in the following manner. For the dissolved phase of 
component i: 

- 'v • ( pC . u ) 
1-

+I:k .. >,_.K.<}pC .. - ,"\.K.qioC. 
. l J J J J l 1 l 1 

J . •. - -

for the Llridissolved, but leached, component i: 

-R. + q. +L k .. ),_.$. - ),_.$. 
l 01 . lJ J J 1 l 

J 

and for the unleached component i: 

,Lk .. ,\.m. - ,\.m. 
. lJ J J l l 

J 

= 
dm. 

1 

dt 

( 3 - 5 ) 

( 3 - 6 ) 

( 3 - 7 ) 

The cons:ant fractional leach rate is taken tobe 1/a, whicn yields 
the leacr. rate: 

b<t<b+a 

otherwise ( 3 - 8 ) 

lt is understood that j # i in each summation in the radioactive 
decay ar,d production terms of Eqs. (3-5) - (3-7-). Equations (3-5) 
and (3-6) are always solved numerical ly by the SWIFT code. Further­
more, tney are solved in such a manner that the fluid concentrations 
never e,-ceed the solubili.ty limit. 

Two com~ents are appropriate for the waste-leach equations, Eqs. 
(3-5) - (3-8). First of all, for the unleached component, Eq.(3-7) 
either :ray be solved internal ly, and numerically, by the SWIFT code, 
or may De solved externally by a code such as the OR!GEN code [Bell, 
1973J. In the latter case, power-law interpolation from 
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tahular input data is used by SWIFT. Secondly, it may be noted thct 
E:q. {.J-5) is a simplificd version of Eq. (2-ll), the general trans­

port equation for a rac1ionuclide. Oroppinq the source term qC; 1s 

i mm a t er 1 a 1 , i f t her e a r e n o w i t h d r a w a l w e l l s i o t h e r e p o s i t O r .Y . 

Ne~lecting dispersion, i.e. the E term, however, deserves sorne 
explanation. Equations (J-5) - (3-8) are solved only for repository 
hlocks and not for the entire system. The purpose is only to deter­
mine Q 0 j, anct in order to make the al9orithm as efficient as 
possible, physical dispersion is neqlected. Furthermore, in order· 
to calculate q 01 most easily, an explicit algorithrn is used for 
the convective-transport term in Eq. (3-5). This results 1n nurneri-
cal dispersion which compensates, to some extent, for the loss of 
t h e p h y s i c a 1 d i s r e r s i o n t e ,· rn . As a f i n a 1 w o r d o f e x p 1 a n a t i o n , i t 
should be note<1 that the accuracy of the solution of fq. (3-5) is 
important only for the case in which solubil ity is restrictive. Our 
present exper.ience indicates that the algorittim performs qu.ite 

satisfactorily even in that case in that it achiP.ves the solubility 
to within a few percent. 

3.5 l,;'fllS 

The term "well", as used here, denotes either a source or a sink fo· 

a system. Mathematically it is denoted by q in Eqs. (2-1) - (2-4). 

Physically a "well" may br uc;ed to characterize a variety of mecha­
n 1 s ms . 0 r i 9 i n a l 1 y, w h e n t h e S \.J I F T c o d e w a s s t r i c t l y a w a s t e - i n _i P. c -· 

tion r.:odel (see lNTF.RCOMr, r1976] Part 1, Api,. E), this facility w,' 

u s e ri t o s i m u l a t e i n j e c t i o n a n d p r o d u c: t i o n w e 1 l s . T h e n , .,, h e n t h e 
scope of the cocte w~s enlur9erl to include waste isolation.' ari,lica­
tion of the well submodel was likewise enlar9erl. Thus ·,.;ells are nc 
also used to simulate both aquifer rechar9e frorn uplanct areas and 
aquifer discharo,e into rivers and streams. The model op!ion perrni: 

tin9 switching from rate to pressure control is frequently usefu1 
for st:ch simulations. \..'ells may he usec! strictly for observaticn, 
or they may be useri strictly for injection of heat anct/or radioac-
tive components. In some applications they are used simpl_y to 
estahlish flow boundary conditions. The effective use of .,,ells 1s 

auitr important to tl1c arolication of this corle. 

Much of the terminoloqy presented here derives from petroleurn rese 

voir en9ineerin9 and Hould appear. on the surface, tolle arpropric 
only for injection and production wells. However, thr. concepts 
apply e<:ually wr.11 to any type of source-sink combination. The 

follc...-in~ discussion in terms of well indcx, mobilit_y, r\nii rate 
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al location attempts to il lustrate the general util ity even though 
thc tcrminology sounds as if the use might be restricted to actual 
w e 1 1 s . 

The underlying motivation for defining, in this section, the terms, 
well index, mobility, and rate allocation, is threefold, namely (1) 
to relate the pressure of source or sink at a sub-grid scale to the 
average grid-block pressures, (2) to distribute fluid between diffe­
rent permeabil ity layers to meet a specified net source or sink 
rate, anc (3) to define a boundary condition of constant rate 
(injection or production), constant pressure er a switch-over 
between the two. The second item is more applicable to the case of 
a real we11, whereas the first and last items are generally appli­
cable. The following discussion attempts to provide the necessary 
background for the manner in which sources and sinks are treated. 

3. 5. 1 ',;e l 1 In d e.x 

The regior, surrounding a well is called the skin (see Figure 3-5). 
The abil ity of this region to transmit fluid may either be degraded 
or enhanced relative to that cf the undisturbed formation, depending 
on well completion. This transmitting capability of the skin is 
characterized by the well index WI, which in general is defined by 
the rel~:ion 

q = (Wl/µ) lP ( 3 - 9 ) 
' 

where q = [m3/s] is the flow rate and 6p = [Pa] 1s the pressure-­
drop across the skin region. For specific values of fluid proper­
ties µ0 and Po well index may be defined in terms of head drop 
rather tr.an pressure drop: 

q = WI 6H 
0 

(3-10) 

where Wl 0 = [m2/s] is defined 

Wlo = po(g/gc) Wl/µo (3-11) 
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The SWIFT code requires WI 0 as input, where Po and µ 0 are 
defined in terms of reference values of pressure, temperature, and 
concentration. For injection or production wellsi the well index may 
be estimated by a one-dimensional steady-state solution of Eq. 
(2-1), which yields 

Wl = Zn K L 6 zk/tn(r 1 /r ) 
o s k w 

(3-12) 

where K5 is the hydraulic conductivity of the skin and where 
index k ranges over all layers affected by the wel l. This equation 
is directly applicable for radial coordinates since radius r1 is 
defined to be the first nodal point in that case. For cartesian 
coordinates, radius r1 is not defined direct ly, but may be speci­
fied in terms of the radius 

· , r = ( t. xt>, y ! 1T ) 1 / 2 (3-13) 

Schematical ly the assu~ed relation between the skin radius and this 
average block radius is shown in Figure 3-6. Mathematica1ly, this 
relation is given by 

tn(r,/r ) = r 1 + (r/r )[ln(r/r ) - l] /(r -r ) 
l W W W W W 

(3-14) 

1 n t h i s c a s e t h e p r e s s u r e d r o p 6p o f E q . ( 3 - 9 ) 1 s t h e d i f f e r e n c e 1 n 
pressures between the well and the grid-block pressure, which is 
taken to be the radial ly averaged pressure of the cone of influence 
between radii rw and r, present at the periphery of the skin .. A.n 
alternate approach to Eq. (3-~4) for determining the effective radi­
us r1 within a cartesian system is given by Pritch~tt and Garg 
[1980]. 

For simulation of aquifer recharge or discharge, one might choose 
the skin tobe identical to the block itself. In this case, well 
index may be related to the transmissibility, as depicted in Figure 
3-7 for a block bounded on one side. by a river. The well index in 
that case would be 

where K0 is here the block conductivity rather than the skin 
conductivity. 
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3.5.2 Mobility 

G e t t i n g b a c 1.. t o t h e c a s e o f a n a c t u a l w e 1 l , w e c 011 s 1 d e r an o t h e r c O n _ 
cept which is quite sirnilar to that of well index, namely mobility. 
Both terms re1ate to the transmission properties of the skin. For 
the case of a well comp1eted into more than one layer, however, 
mobil ity is a layer-dependent term which, to some extent, partitions 
flow betwee~ layers. A fractional al location factor, ki, is 
assigned tc- each layer. Typica1ly, each factor is taken tobe pro-
portional to the thickness-permeabil ity product for a given layer. 
Mobility fo:-- layer k is then defined tobe 

(3-16) 

3.5.3 Rate Allocation 

There are two ways in which the partitioning of flows takes place 
within the code, depending on the option chosen by the user. The 
appropriate control parameter I INOWl is specified in the input. The 
first option (IIND~l = 1) is that of rate allocation on the basis of 
mobil ities alone, i.e. 

.:.. second o;:tion (1 I INOWll = 2 or 3) is rate 
of rnobi1it'.es and pressure drops. Here the 
layer k is given by 

qk C -{rbh + (pg/gc)(hk-hcl)l 

(3-17} 

allocation on the basis 
flow rate allocated to 

(3-18) 

where the jottom-hole pressure Pbh is determined, in terms of 
the grid-b'.ock pressures, by the condition 

q = E qk (3-19) 
k 

Subscript :1 denotes the first layer 1n which the well is com­
pleted (se-:: Figure 3-5). The bottom-hole pressure is defined to be 
the wel l p:--essure at hcl, the depth of the top of this layer. 
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The S~IFT code applies Eq. (3-18) for the case of a rate limitation. 
lt docs so 1n either an explicit (I INOWl = 2) or a semi-implicit 
(! ItJOl,./l = -2) manncr. In thc former case, the e);aluation of the 
r1ght-hand side of Eq. (3-18) is lagged by one time step relative to 
the most current calculation. In the latter semi-implicit case, 
cach qk for the current time step n+l is expanded about the 
previous time step by the relation 

Here tne derivative is taken to be 

and term 

and 

(dq/dp)k = Mk 

q< i:k:s
0
e:r~::~e'. 

iteratively: 

(pg/gc)(hk-hcl)l 

i t > 1 

( 3 - 2 0 ) 

( 3 - 2 1 ) 

(3-22) 

( 3 - 2 3 ) 

3.5.t. Variable Rate-Pressure Limitation for Transient Application 

This very useful well option, (1 IIN\.JDII = 3), in addition to rate 
allocation on the basis of mobil ities and pressure drops, has ano-
ther feature. lt permits switching between rate and pressure limit-
ations. Thus, for injection, both a maximum bottom-hole pressure 
Pbhsp and a maximum pump rate qSP may be specified so that the 
specified rate is maintained until the maximum pressure is attained. 
At that time the pressure is controlled at its maximum value, and 
the rate fal 1s below the specified rate. Such cases are illustrated 
in Figure 3-8 for cases of both injection and production. In addi-
tion to its usefulness in simulating wells, this facility is also 
useful in simulating recharge, when the "bottom-hole" pressure, 
i .e., the surface pressure, cannot exceed .:tmospheric pressure. lt 
has also been used for simulating a river by forcing a pressure 
limitation. 

Variable rate-pressure limitation is imple~ented by a more flexible 
usage of the same equations which were used in the previous section. 
For example, consider the explicit (IINOWl = 3) case for an 
i n j e c t i o n w e ·1 l ( s e e F i g u r e 3 - 8 a ) . H e r e E q s . ( 3 - 1 8 ) a n d ( 3 - l 9 ) a r e 
applied in the fol lowing manner, starting from a rate-controlled 
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c,1tuat 10n. A t e d C h t I in C s t e p t h e f O 1 1 0 w i n g a 1 g O 1· l t h m l s u s .e d . 

P r· e s '> u r· e p I) h I s de t e r m 1 n e d f r o m ij c o m b i n a t I o n 

of Eqs_ (3-18) and (3-19) us1ng q == qSP_ 

lf Pbh < Pbhsp, then rate control 1s 

used, and then source terms qk are calculated 

from Eq. (J-18) using Pbh as oetermined in Ste~ 

1 above. ()uantities qk are then used to solve 

the f1nite-difference equations. 

3. If Poh > Phhsp. the pressure control 1s 

used 1n that source terms qk are calculated from 

Eq. (3-18) using Pbh == Pbh 5 P: The 
total f1uid injected will, in this.case, be less 

_than thc spec1fied amount, i.e., q < q 5 P_ 

ihese quantities qk are then used in the 

f1n1te-differcnce equations. 

4. Pressure control, 1.e., Pbh = Pbhsp. 1s 

then maintained until the pressure gradient bet•..;een 

t h e w e l 1 h o 1· e a n d t h e a v e r a g e g r i d - b 1 o c k c o n d i t i o n s 

become _suff 1cicnt ly great that the fluid inject ion 

rcte exceeds the specified maximum, 1.e., q < 
q 5 P. At that point thc code changes back to 

rate limitation (Step 2 above). 

T h e c o r r e s ;::- o n d i n g a 1 g o r i t h m f o r· t h e c a s e o f a p r o d u c t i o n w e l l I s 
eas1 ly obta1ned by analogy. 

In contras~. the 1:npl1c1t (l[NOWl = -3) case 

a m o r e f 1 e :\ 1 b 1 e 1 ,n p l e m e n t a t i o n o f E q s . ( 3 - 1 8 ) 

1s implemented by using 

- (3-23) than for the 

the following c a s e l l NO W: = - 2 . St a 1· t 1 n g f r o m rate c o n t r o l , 

p r o c e d u r e 1 s u s e d f o r· a n i n j e c t I o n w e l 1 : 

1 . P 1· e s s u i· e p b h I s de t e r m i n e d e x. p 1 1 c 1 t 1 y f r o in a 

comb1nat1on of Eqs. (J-18) and (3-19) us1ng Q = 

q s r> . 
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?. lf Pht, < fJhhsp, thP.n rate control is used, and 
sourcc terms Qk are calculatcd from an iterative 

l 
imf)lementation of Eqs. (3-20) - (3-?3). In this 

case, at each iteration, the coefficient of Pk in 
EQ. (3-20) is included in thc diagonal of the 
f1 r o p o a cJ t i o n in a t r i x , ..,, h i c: h 

onc time step to thc ncxt, 
in th<> loc1d vector. 

carries the solution from 
and qkit is inclurled 

3. I f Phh > sp 
Phh , th e n pressure control 

i s used 1 n t hat, froll' E Q. (3-18), 

i t 0 -l [ , p ( p g / g c ) ( h k - h c )] pq Mk ( 3 - 2 c. Qk = Qk = pbh + -
1 

4. Pressure contro1, i.e., Phh = Phhsp, is 

maintained unless the fluid injection rate exceeds 

the specified rnaximum, i.e., Q > q 5 P. At that 

point the code chanqes back to rate limitation 

(Step ? ahove}. 

The correspon,dinq alaorithrn for the case of a production well is 

easi ly c0tainect hy analo9y. 

3.S.5 Pressure Limitation for Stead_y-State Applications 

[n c: ste2d_v-state fluid flo1-1 application, it is anticipate<i that the 

user will not ncerl the faci lity for changinq hetween rate and pres­

sure lirr.itations during the course of a simulation. Thus, for this 

m o c1 e l , ~ h e u s e r m a y s p e c i f y e i t h e r f l o w l i m i t a t i o n ( 1 I r N O \./j = 2 ) o r 
p r e s s u r e l i m i t a t i o n ( 1 r I N O \./ l l = 3 ) . T h e f l o "' l i m i t a t i o n i s i m p l e -

mP.nted 1r the same manner as discussed above for the fully transient 

simulatcr, with only one rxception. Time steprins there, as indi-

cated by the surerscript n in F.qs. (3-?0) and (3-?2), is replaced 

hrre by an iteration on the transmissibilities. of the partially 
saturated blocks containinq the free-water surface. 



Furthermore, the implernentation of the pressure-1 imitation option is 

quite sic.ilar to that of the ratc-limitation option. In the expli-

cit case (IIN0\./1 > 1), Eq. (3-18) is the working
1
equation. The only 

difference is the determination of the bottom-hole pressure. For a 

pressure l imitation, this quantity is known, i.e., Pbh = Pbh 5 P. 
However, for a rate limitation, the bottom-hole pressure is not 

known anc must be calculated, using Eq. (3-19). In either case, the 

entire right-hand side of Eq. (3-18) is determined explicitly using 

pressure values determined by the last iterate. 

For the ~rnplicit case (IINO'rll < 1), the working equations become 

Eqs. (3-20) and (3-21). The mobility term in Eq. (3-20) is applied 

implicit:y under both rate and pressure limitations. The difference 

arises asain in the bottorn-hole-pressure term. For the pressure 

l irnitaticn, the terrn qk it is known directly frorn Eq. (3-22), and no 

further iterations are required. For the rate lirnitation, howe~er, 

this ter, is not known and rnust be inferred via iteration using a 

collectic:n of equations, Eqs. (3-18), (3-19), and (3-22) for the 

first ite:ration and Eq. (3-23) thereafter. Hence, the application 

of Eqs. ~3-20) and (3-21) is semi-implicit for the rate-limitation 

case and fully implicit for the pressure-limitation case. 

In sumrna~y, then, all sources of fluid and sinks of fluid are called 

."wells" r-egardless of whether they refer to physical wells. Further-

more, al: such ."wells" are characterized by rate and, where appropri­

ate, bot:om-hole pressure and by position, cornpletion layer, well 

indices ·,.r 0 , layer allocation factors, k, and a specification 

opt ion· I: NDWl. The l atter deterrnines whether rate a l locat ion wi 11 be 

via mobi'.ities alone (IINDWl=l) or via mobilities and pressure drops 

(1 IIND\./li = 2 or 3). In adq_ition, this specification option deter-

mines whe:ther pressure control will also be applied (1 IINOWll = 3) 

and also whether the source-sink term will be applied explicitly 

(IIN0\./1 > 1) or implicitly (IINDWl < -1). Finally, the meaning of 

the option (! I INOWII = 3) is som'.-"hat different in the two models. 

For the :ransient applications, this option means variable pressure-

rate lim;tation. For steady-state applications, however, this option 

means pre:ssure limitation only. 
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3.6 HEAT LOSS TO OVER AND UNDERBURDENS 

Typically, the over/underburden regions will codtain aquitards which 
effectively isolate them from the formation being calculated, which 
is denoted herein as the "reservoir". Nevertheless, these zones may 
contribute significantly to the heat transport from a heat source 
such as a repository. Over and underburden zones are therefore 
included in the SWIFT code for the purpose of simulating only the 
heat transport. The equation used is the following: 

K (3-25) 
m 

This is a simple heat-conduction equation 1n which all transport and 
storage effects within the fluid are neglected (c.f. Eq. (2-2)). In 
addition, transport in the lateral x and y directions is ignore•d in 
order to limit ·storage requirements. (The validity of the assump-
tion had been checked by comparison of model runs with a simple con­
duction-convection model by Coats, et al. [1974]. 

A table T0 (z) of initial temperatures versus depth is required by 
code input. This table provides an initial condition and one 
boundary condition. 

T(x,y,z,t=O) = T0 (z) 

T(x,y,z=L,t) = T0 (L) 

(3-26) 

(3-27) 

where L is taken to be a sufficiently large distance into the over 
or underburden that temperature changes there from the ambient 
temperature may be neglected. The other boundary condition is 
obtained by matching with the reservoir temperature, which, in this 
section, is denoted by TR: 

T(x,y,z=O,t) = TR.(x,y,z=O,t) (3-28) 

Here, for simplicity, the interface is taken tobe the plane z=O. 

The set of equations, Eqs. (3-25) - (3-28), is solved by a rather 
unique appl ication of the finite-difference method. Oependent 
variable T is divided into two components, namely 

T = T + wT <ST 
1 2 

(3-29) 
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Here, temperature T1 evolves, as a particular solution of Eq. 
(3-25), strictly from a redistribution of the temperature at the 
n - t ll t 1 rn e s t e p . Th e in i t i a l - b o und a r y co n d i t i o n s1 f o r t h e s t e p fr o m 
time tn to time tn+l are, in this case, given by 

and 

= T(x,y,z,t=t ) 
n 

(3-30) 

( 3 - 3 1 ) 

D i rn e n s i o n l e s s t e m p e r a t u r e T 2 t h e n e v o l v e s s t r i c t l y f r o m a c h a n g e 
in boundary conditions appropriate for the nth time level: 

T (x,y,z,t=t ) = 0 
2 n 

( 3 - 3 2 ) 

and 
( 3 - 3 3 ) 

As shown in Eq:. (3-29), the dimensionless temperature is normalized 
Dy the time-weighting factor and the temperature change over 6t. 
For backward-in-time differencing, w = 1 and the entire temperature 
change is appl ied. For cen:ered-in-time differencing, w = 1/2 and 
the averag~ temperature change is applied. 

The unique feature of the superimposition specified by Eq. (3-29) is 
the fact that it permits implicit coupl ing between solution of the 
over/underburden transport, Eq.(3-25), and solution of the reservoir 
transport (Eq. (2-2)). Equation (3-29) may be differentiated and 
combined with appropriate factors to yield the heat loss to the 
over/underburden region: 

(3-34) 

where qll is obtained from T1 and QLZ is obtained from Tz. Now, 
the transport and initial-boundary conditions which determine Ti and 
T2 are in no way dependent upon the reservoir temperature. Hence, 
the flow terms qll and ql2 may be determined prior to the reservoir 
solution for any time step j_t, and the implicit condition of Eq. 
(3-34) may be applied to the reservoir equation, Eq. (2-2), to 
obtain 6T within the boundary blocks. Equation (3-29) may then be 
used to obtain the temperature within the over/underburden at time 
level n+l. Thus, the unique feature of the separation of dependent 
variables given in Eq. (3-29) is that it permits a fully coupled, 
implicit coupling of heat-transport processes within the 
over/underburden and reservoir zones. 
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3.7 RAOIATION BOUNOARY CONOITION 

A body at absolute temperature T surroundcd by d 
1
black body at 

temperature T 0 will lose heat with a flux in accordance with 

Stefan's law: 

F = 4 T 4) o E ( T -
0 

(3-35) 

where F 1s the flux, a is the Stefan-Boltzmann constant, and E is 

the emissivity of the surface. If the temperature difference is not 

too great, then Eq. (3-35) may be replaced by the expression 

F = ß(T - Ta) (3-36) 

where ß is the coefficient of surface heat transfer~ 

It is because of the connection between Stefan's Law, Eq. (3-35), 
and Eq. (3-36) that the latter has been cal1ed the "radiation 

boundary condition" [Carslaw and Jaeger, 1959]. However, Eq. (3-36) 

is identical to Newton's Law of Cooling for forced convection. It 

is also appropriate for a relatively thin skin placed between the 

conducting media being simulated and a constant-temperature surface. 

Equation (3-36), which is also known as a Type 3 boundary condition, 

has been irnplemented in the SWIFT program for added flexibility in 

treating heat-loss processes. 
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CHAPTER 4 

APPLfCATION NOTES 

The f)urpose of this chapter is to elucidate cr.rtain aspects of the 

S ~/ 1 F T c o d e ... , 11 i c h w c f e e 1 w i 1 1 h e h e 1 p f u 1 t o i t s a p r 1 i c a t i o n . T h e 
first two topics treat numerical criteria and are extremely impor-

tant for the transport siniulation. The third item explains the mesh 

qenerat ion which may he used when radial coordinates are chosen. 

4 . 1 ti UM FR I ( A 1. CR I T F P l A F () R f1 I SPE R S 1 0 ~! AN O O VERS HO O T 

One source 
equations, 

convection 

of diff iculty in the numerical solution of transport 

such as Eqs. (2-2) - (2-11), is the treatment of the 

term. For conventional finite-difference and finite-ele-

ment solvers, either numerical dispersion or the overshoot-under-

shoot phenomena may be introduced. Other methods, or variatio~s of 

t h e a h c, v e -m P. n t i_, o n e d t e c h n i q u e s , h a v e b e e n i n t r o d u c e d t o h e 1 p a l l e v i -

ate this problem. Examples are the method of characteristics 

[Garder, et al, 1965; Bredehoeft and Pinder, 1973], higher-order 

G a l P. r k i n f D r i c P. e t r. 1 , 1 9 6 [\ ; P i n d e r , 1 9 7 3 ] a n d v a r i o u s tJ p s t r e a m -

weightin9 and asymmetric wei9htin9 strategies [Nolen and Berry, 

1972; Christie et al, 1976). The Oistributed-Velocity Method 

[Camphel l, Lonqsine, anci Reeves, 1981] holds some promise in this 

area also. 

The SWIFT model gives the user several options. For exar,;ple, he rna~-· 

e 1 e c t t o t' s e sec o n d - o r <1 er c o r· r e c t c e n t r a 1 - d i f f er e n c e a p pro x im a t i o n s 

i n h o t h t i rn e an d s p a c c . Th es e t e c h n i q 11 es h a v e t h e ad van t a g e t h a t n o 

n u r:i e r i c a 1 d i spe r s i o n 1 s i n t rod u c e d . Th r. d i s ad v a n t a 9 e t h e y i n t r· o du c e 

are limitations on t1otll block size nnd time step.· These lirnitations 

are necessary to nrevent calculated concentrations from exceeding 

t.he injection or soluhility levels or from being less than the 1n1-

t i a l va l ues, 1. r. .• 0versl1oot-underslioot. The user also may choose 

to use first-ordPr correct backward-difference approximations 1n 

both tinie and space. These techniques have no overshoot-undershoot. 

h u t t h P. _v i n t r n rl 11 c c n um er 1 c t1 1 c1 i s fl ~ r s i o n . Th u s , · l i m i t a t i o n s o n h l o c k 

size and time st.ep are aaain called for. The radionuclide, brinf' 

and heat-transport equations, Eq. (2-2) (2-t,), which contain con-

vrctive terms, are larqely resr,nnsihle for the ifT'lporU.nce of numeri­

cal disnersion. The flow equation, since it does not cont<'lin a con-

vective, i .e. first-order derivative, term, has a truncation error 

which is much less siqnificant. The time-step and block-sizP. 

restrictions are not overly severe for many problems. In such cases 

the analyst may elect to use the backward-difference sche~es due to 
their inherent stability a0ainst overshoot. 



A table is presented below which contains information on numerical 
dispersion and overshoot. It is based on a simple analogue of Eqs. 
(2-2)-(2-4) namely 

O' 
a 2 i,.,r 

2 ax 
- V = ax at 

( 4 - 1 ) 

where the dependent ~ariable W may denote either temperature T, 
brine concer:ration C, or radionuclide concentration C. Quantities 
v and 0' derJte the retarded interstitial velocity and dispersion, 
respectively. 

In spite of the simplicity of Eq. (4-1), space- and time-step 
criteria derived from it have proven tobe quite useful in practice. 
Such criteria are given in Table 4-1. Additional discussion of these 
relations is given in INTERCOMP [1976]. 

4.2 AOJUST~~NT OF THE RATE CONSTANT 

Program SWIFT will adjust the rate constant if input parameter LAOJ, 
READ R0-1, is set to one. The basis for this adjustment is another 
analogue equation. I_f one considers the static case, -in which trans­
port is neg1igible compared to decay, then the radionuclide decay 
equation, Ec:. (2-4) becomes, for the parent nuclide, 

dC 
= - :.. C 

dt 
( 4 - 2 ) 

(The component subscript has been dropped for convenience.) 

The analytic solution of Eq. (4-2) across an interval tit is 

( 4 - 3) 

which yields 

n ->-..tit 
oC = -C (1 - e ) ( 4- 4 ) 

lf Eq. (4-2) is solved numerically, the result is 

ö C = _),'(w)(cn + woC)tit ( 4 - 5) 
where 

{1;2 CIT w = 
BIT 

( 4 - 6) 
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Tahle 4-l Numerical Criteria for flrine, He~t and Padionuclide 
Transportl,? 

Numerical Dispersion Overshoot 
Scheme Oisprrsion Criter1on Criteria 

CIT-CfS None None V6t/6X + 20'6t/6X 

v6x/2 < o· 

C I T - B I S v6x/2 V 6 X/ 2 < < D' 
y 6 t < 1 ffi 

BIT-CIS v2t:,t/2 2 
t:. t / 2 « O' V 6 X/ 2 < D' V 

BIT-BIS vt.>,x/2 + v26t/2 V6X/2 + 2 
6 t / 2 « O' None V 

2 < 

Here CIT means central in time, CIS means centrai in space, SIT 
refers to backward in time, and BIS refers to hackward in srace. 

2 Definition of terms: 

kci = 0, brine transport 

1 + ( J ·- 41 ) D R k d / qi , r a c1 i o n u c l i d e o r h r i n e t r a n s p o r t 

K = 

v = u/4iK 

(alu + Om)/Krl,,, r"ciionuclide or brine transriort 

0' = 

( a L u PC p w + f~ m ) / !C ,p cc p w , h e d t t r a n s p o r t 

JS 
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To see that quantity >.'(w}, the adjusted rate constant, is indeed a 
function of the time-weighting constant w, we solve Eq. (4-5) for öC 
and substitute into Eq. (4-4). The result 1s 

>.. .6 t 
( w ) 

1 
>. '. = e 1 

1 
( 4 - 7 } 

\ . 6 t 
[(1-w)e 

1 w] 6t + 

where the component subscript has been reintroduced. For the BIT 
algorithm -..· = l, Eq. (4-7} reduces to Eq. (5-3} of the Si,.JIFT 
document [Di llon, et al, 1978]. As described quantitatively 
therein, rate adjustment is appropriate for near-static cases where 
decay dominates transport, for the case of a parent nuclide. 
Furthermore, rate adjustment via Eq. (4-7} is appropriate for 
decay-dominant transport of a daughter nuclide providing that 

. "'( . 1 / "'( . 
. 1 - 1 

> 100 ( 4 - 8 ) 

Without adjustment the time step must be controlled by the criter­
i on 

{ 
"'( i / 7 BIT 

6t < ( 4 - 9) 
"'( . C IT 1 

where 1 i i s the half 1 i f e of th e component. With adjustrnent, t h i s 
criterion 1 S removed in many cases. 

4.3 MESH GENERATION FOR RADIAL COORDINATES 

For a cartesian (x,y,z) coordinate system the S~IFT code requires 
the user to generate his own mesh by specifying all values of the 
increments 6.x, 6y, and 6z. For radial (r,z) cocrdinates, however, 
the radial mesh may be either user-generated or automatically 
generated, c.f. READ Rl-22 to READ Rl-25. Automatie generation is 
based on a special steady-state solution of the f low equation which 
gives, for the pressure difference between two points, 

(4-10) 

This same relation is the basis for the well index given in Eq. 
(3-12) of the last section. 
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Four parameters dre used in the dutomdtic generation, namely (1) the 
number o·f grid blocks n = NX, (2) the radius r1 = Rl to the center 
of the first grid block, which is interpreted as\the outer radius of 
the disturbed skin zone, (3) the wellbore radius 11 = R\.I, and (4) 

A 
the grid-block boundary rn+l = RE. 

The r·adial mesh, which is shown schematically in Figure 4-1, is 
generated by assuming equal pressure drops between adjacent mesh 
points for the steady-state solution of Eq. (4-10). Using the 
nota:ion of Figure 4-1, this means that 

ana 

r i + 1 
r. 

1 

= A 

·' 
A co~bination of Eqs. (4-11) and (4-12) gives 

,,... 
r 

r 

n+l 
. 1 

( 4 -11) 

(4-12) 
~ 

(4-13) 

Equation (4-13) is solved by SWIFT for the common ratio A, and then 
Eqs. (4-11) and (4-12) are useo as recursion relations to define all 

,/'\ 

r; a~d ri. 

FreqJently the analyst will not know the outer skin 
which must be input to the code. In such an event, 
that Eq. (4-13) be extended by taking 

radius, r1, 
it is suggested 

r 1 
= Al/2 -,,.._ (4-14) 

rl 
and .,... 

r n+l -- = An ,.... {4-15) 

r 1 

Equation (4-15) may be solved for A. This parameter may then be 
used in Eq. (4-14) to calculate the skin radius r1 from the 

wel lDore radius ~1- In such a caseJ where the skin thickness is 
chosen somewhat arbitrarily, the properties of the skin are 
reflected solely by the well index. 
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e 

'\ r, 
r 1 

Fiqure 4-1 

~ ~ 1 w ~ 

,,._ r i ,,._ r~ r- ,,._ r" ,... 
r z r ~ r~ ra r n + 1 

LOG ( RADIUS) 

Sc l 1 r m .~ t i c o f r a c1 i a 1 m P. s h i n c 1 u d i n q ~ r i d - h 1 o c k c e n t e. r s . 

r i, and qr ic1-h lock bounclari es, r;. 
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4.4 NUMERICAL CRITERIA FOR SECULAR EQUILIBRIUM 

In considering the transport of chains of radionic1 ides, cases 
involving secular equilibrium are encountered. For such situations, 
the numerical criteria of Sections 4.1 and 4.2 above frequent1y may 
be relaxed. However, before examining the criteria, it is 
appropriate to give a definition for secular equil ibrium. 

Considering, for simplicity, the case of parent and daughter nuclei, 
the former follows a simple exponential decay law 

for the case of static f1ow. Here, for conven1ence, the 
concentration notation C has been changed to number-of-nuclei 
notation N, with subscripts added to denote nuclide identity an•d 
initial va1ues. ,For the daughter component 

dNz 
dt = ;i._lNl - AzN2 (4-17) 

which yields the so1ution 

(4-18) 

If the half 1ife of the parent is much greater than that of the 
daughter, i.e., if 

T. 
l 

» Ti+l 

or, for the decay constants, 

A. 
l << ;i._ . l 

l + 

then secular equilibrium occurs. 
and daughter, that 

= 

(4-19) 

(4-20) 

Th is means, for the case of parent 

( 4 - 2 1 ) 

a relation easily derived from Eqs. (4-16) and (4-18). 

Figure 4-2 provides an example of secular equilibrium for the decay 

chain 
s-

--r-1-=2-. ...,,.8....,d--c>-
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Figure 4-2 

... Ce 

TIME ( h r s) 

Decay of Radioactive 140sa. After 
approximately 15 hours the l40sa and 
l40La will be in secu1ar equilibrium. 
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Since the half life of 1 40sa is approximately seven times 
greater than that of 140La, the condition for secular 
equi1ibrium is considered tobe satisfied, and se'Cular equilibrium 
occurs, in this case, after only 15 hours have elapsed from the 
initial, nonequi1ibrium condition. 

For a long chain, such as that of 232Th, where al 1 elements of 
the chain (except for the final stable daughter product) are 1n 
secular equil ibrium, each radionuclide builds up to equil ibrium with 
its parent. When this occurs, a generalized form of Equation (4-21) 
is valid, namely 

= = ( 4 - 2 2 ) 

This means simply that under conditions of secu1ar equilibrium, the 
activities of all components are equal. 

A more complete discussion of various types of equil ibria is given 
in Evans [1955]. However, the point- tobe made here is that secular 
equilibrium under nonstatic conditions is significant insofar as the 
numerical er iteria are concerned, for the following reason. It has 
been found by experimental numerical methods that the.criteria for 
the daughter components may frequently be ignored in such a case. 
For example, in the case of the actinide chain 

242pu -> 238u -> 234u -> 232rh -> 226Ra 

time steps would have tobe control led via the relatively short 
1600y half l ife of 226Ra were it not for its secular equilibrium 
with 238u. This means that only the time step of the latter, as 
determined from Table 4-1, need=be enforced. Since the criteria for 
chains in secular equil ibrium have not been derived theoretically, 
one must proceed with some caution, however, making appropriate 
numerical Checks. Nevertheless, the relaxation of numerical 
criteria resu1ting frorn secular equilibrium is a necessary 
consideration for applications in which computer efficiency is 
important. 
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5.1 PROGR~~ STRUCTURE 

CHAPTER 5 
PROGRAM OESCRIPTION 

This particu1ar version of the SWIFT program has been developed to 
imp1ement the formalism described in previous chapters. It consists 
of a main rautine, three integration subroutines, and about 50 sup-
porting subroutines. In this chapter five items are presented. 
First, the structure of routine MAIN is shown in Figure 5-1. As may 
be inferrec from this figure, the basic organization of MAIN is 
focused upc~ the three integration subroutines ITER, ITERS and 
ITERC. Gen~ral ly speaking, subroutines REAOl through PRINT2 perform 
the functions of input, initialization, parameter definition, and 
output in support of either ITER or ITERS, which integrate the flow, 
brine and heat equations, or ITERC, which integrates the radio­
nuclide equations. 

The second, third and fourth items presented show the structure of 
the three integration subroutines. Routine ITER is shown diagr~m­
metically in Fig~re 5-2; ITERS in Figure 5-3; and ITERC in Figure 
5-4. As shJwn, these routines are quite similar. All contain 
matrix set-~p followed by matrix solution. The solution, in each 
case, may be performed in one of three different ways depending upon 
user preference. The user options are two-line successive 
overrelaxation (L2SOR) and Gaussian elimination (GAUS30 or GAUSlD) 
with the latter algorithm streaml ined within a special subroutine 
for one-dimensional applications. · 

The major difference between the three integrators is the complexity 
of the setu~ process, with ITER, the coupled-equation transient sim­
ulator, uncerstandably the most complex and with ITERC, the transi­
ent radionuclide simulator, the least complex. Comparing ITER 
(Figure 5-2) with ITERS (Figure 5-3), the major difference is SCOEF. 
This routine sets up time-derivative coefficients in the former 
which are, of course, absent from the later since ITERS is a steady-
state integrator. In addition, the COEFF routines are called a 
second time in ITERS in order to calculate converged values of Darcy 
velocities and selected flow variables and to print them out if so 
desired. Comparing ITERS and ITERC, the major difference is the 
absence of the COEFF subroutines in ITERC. This is due to the fact 
that_ Flow and transport transmissibilities need not be determined in 
ITERC, having been determined already in ITERS or in ITER. 
Furthermore, mass balances are computed directly in ITERC, whereas 
in ITERS, as in ITER, such computations are deferred to PRINT2. 

The final item presented in this chapter is Table 5-1. There the 
functions of the major subroutines are given very briefly. For more 
detailed information on the numerical algorithms the reader is 
referred to INTERCOMP [1976], Part I, Appendix A. 
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READO 

REAOI 

INIT 

REAOIA 

PRINTI 

REAO2 

5 
NO TSTEP 

HLOSS 

LEACH 

PROOS 

ITERS 

PROO 

ITER. 

ITERC 

PR I NT2 

( PLOT 

Figure 5-1. Structure of SWIFT model. 
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Conditions for Figure 5-1 are as fol lows: 

( 1) Are plots desired for a previous rum? 

(2) Is this a restart run? 

(3) Is reduced bandwidth direct method of 
solution used? (Multi-dimensional problems 
o n l y) 

(4) Is run tobe terminated at this time step? 

(5) Are the recurrent data read at this time step? 

(6) Is the waste-leach submodel employed? 

(7) Is ·the steady-state pressure solution sought? 

(8) Are steady-state wellbore calculations tobe 
performed? 

(9) Is the transient pressure solution sought? 

(10) Are the transient wellbore calculations to be 
performed? 

( 11) Are the radionucl ide transport equations to be 
solved? 

( 12) In the transient wel lbore ca1culations are the 
well rates calculated semi-implicitly? 

( 13) Are any two-dimensional contours maps desired? 

(14) Are ..any plots desired for this run? 
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EMfRY 

---- ----, 
ITER 1 

CO€FFI 

COEFF2 

CO€FFJ 

MO WTFMC 

SCOEF 

SRHA 

CRSS 

J 
Yc'.S 

SCOEF 

"'° 
WTFMC 

SRHS 

5 Yc'.S SCOEF 

"'° 
G.ALlSIO 

G.AJ../SJD 

LZSOA. 

'rc:S 

I ____ ----
RETURN 

Figure 5-2. Breakdown of transient coupled solution algorithm. 
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Conditions for Figure 5-2 are as fol lows: 

( l) 1s this the first iteration? 

(2) Are the cross-derivative dispersion terms 

to be included? 

( 3) 1s the temperature equation to be solved? 

(4) Is this the first iteration? 

(5) Is the brine concentration equation tobe 

solved? 

(6) rs the problem one-dimensional? 

(7) Is a direct solution desired? 

(8) Has convergency been achieved? 

4 7 



Figure 5-3. 

ENTRY 

r--
1 
1 
1 
1 
1 
1 

YES 

YES 

YES 

RETURN 

COEFFl 

COEFF2 

COEFFJ 

WTFHC 

SRHP 

GAUSIO 

GAUSJD 

L2:SOR 

COEFF1 

COEFF2 

COEFFJ 

Breakdown of steady-state coupled solution algorithm. 
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Conditions for Figure 5-3 are as fol lows: 

( l) 

r ? \ 
' ~ 1 

( ~ \ 
'j 1 

ls the prob lern one-dimensional? 

ls a direct solution desired? 

Are Oarcy velocities desired? 

(~) Are dispersions and transmissibilites 
desired? 

1 ~ ) 
\ '.) Has convergency been achieved? 
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EHTR'T' 

r-- \TERc7 

l SRHC 

1 

1 GAUSID 

1 1 

1 1 GAUS3J 

1 1 

1 ·! L2SOR 

1 1 

1 1 MBAL::J 

L_ _J 

F i q u r· e S - 4 . G r e d k d o '" n o f r d ct i o n u c l i de - t r a n s p o r t s o l u t- i o n 
alqorithm. 
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Conditions for Figure 5-4 are as follows: 

(l) 1s the problem one-dimensional? 

(2) Is a direct solution desired? 
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Table 5-1. 

Subrout 1 ne 

COU r l 

COEFF2 

CUEFFJ 

GAUSlO 

GAUSJO 

I N l T 

IT ER 

I TE R C 

1 TE R S 

LEACH 

L2SOR 

MAIN 

MAP2D 

MBAL 

ORDER 

Subroutine Functions 

Funct1on 

Determination and output of Oarcy velocities. 

Computation of flow transmissibil ities and implicit 
block-to-block convection terms. 

Ueterm1nation of dispersion, heat and brine trans­
m1ssib1 l ities, explicit block-to-block dispersion 
terms and expl 1cit salt-dissolution quantities. 

Gaussian elimination for a 1-0 system. 

Gaussian elirnination for 2-0 and 3-0 systems. 

Initialization of pressures and concentrations. 

.Solution of transient flow, heat and brine 
·equations by setting matrix coefficients and 
invok1ng matrix solution. 

Solution of transient-state radionuclide chains 
by setting matrix coefficients and invoking matrix 
s o 1 u t i o n . 

Solution of steady-state flow and brine equations 
by setting matrix coefficients and invoking matrix 
so1ution. 

Calculat1on of radionuclide sources from a reposi­
tory Dasea on initial inventory, leach rate, 
decay, and solubility. 

Solution of matrix equations by the method of 
Two-Line-Successive Overrelaxation. 

Oynamic allocation of storage and supervisory 
control of entire calcu1ation. 

Printing of 2-0 contour plots of either pressure, 
temperature or concentration. 

Computation of radionuclide material balance based 
on the initial material in place and input/output 
f l o ws. 

Optimal nodal numbering for direct Gaussian solu­
tion of the matrix equations. 

52 



Table 5-1. 

Subroutine 

PRINTZ 

P R I N T l 

PROOS 

REAOO 

REAOl 

REAOlA 

REAOZ 

SCOEF 

SRHC 

SRHP 

V I S L 

V I S L 1 

\.IELLB 

W TF N C 

Subroutine Functions, Continued 

Function 

Output of fluid-flow results: well summary, 
material-balance Summary, and prof iles of pressure, 
temperature, brine concentrations and radionucl ide 
concentrations. 

Echo of time-invariant input variables pertaining 
to geometrical, hydrological and geochemiccl 
characterization of the system. 

Setup of both implicit and explicit well lerms. 

Radionuclide-chain input including distribution 
coefficients. 

Input of geometrical, hydrological an~ dispersion 
data. Calculation of constant portion of 
iransmissibilites. 

Reading of rock-type modifications and repository 
information including solubilities. 

Time-variant input for fluid-heat. brine and 
radionuclide calculations including sclution 
control, wells, and output control. 

Sets up matrix coefficients and load-vector terms 
arising from both time derivatives and salt 
dissolution for use in ITER. 

Determination of load-vector terms for the 
radionuclide-transpoft equations. 

Determination of load-vector terms for the 
pressure and brine equations. 

Evaluation of viscosity as a function of 
tempe,ature and brine concentration. 

Set up of viscosity-model parameters. 

Implements the well-bore model to obtain subsurface 
conditions from surface conditions. 

Computation of upstream weighting parameters. 
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,.2 PROGRAM LISTING 

Attached to this document 1s a inicrofiche listing of the SWIFT 

source coce. 
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CHAPTER 6 

DATA JNf)LJT GUIDE 

The purµose of this chapter is to assist 1n the uti l1zation of the 
SWIFT code. Three items are given here. First, the data input 
f o r- 111 s a r e des c r i b e d . Sec o n d l y, t h e u s e o f t h es e form s t o ob t a in 

111 a p s f r- o rr r e s t a r t r e c o r d s i s d i s c u s s e d . F i n a 1 l y, t h e au x i l i a r y d a t a 
fi les are ident1f 1ea. 

Ut1l1zat1on of the data input forms is further facilitated by three 
append1ces which give definitions of errors, definitions of program 
variables, and a variaDle index. 

6.1 0AT,-, INPUT FORMS 

Tne data 1nput cards are divided into several groups. The groups 
are aefired by the subroutines which read the cards. The "M" cards 
are read from the main program and the general setup of the problem 
is oefinea by these cards. The "RO" cards are read from subroutine 
r-:t.AOO. Th is subroutine inputs informat ion appropriate for the radi -
oactive components. The "Rl" cards are read from subroutine READl. 
These cards pr·ovide the detailed information on the problem geome­
try, pnysical characteristics and boundary conditions. Subroutine 
f';IT reacs the "!" cards. The "l" caros provide the initial condi-
t 1 o n s f o :· t h e s i m u 1 a t 1 o n . T h e " R 1 A " c a r d s a r e r e a d f r o m t h e R E A D 1 ;... 

subroutine. Here four different tyµes af data are specified: 1) 
rock-type modifications, 2) rocktype dependent salt-dissolution 
constants, 3) waste-storage information, and 4) solubilities tobe 
appliea within the repository. 

Al I of the above cards are read only once during a simulation. The 
"k2" cards are cal led the recurrent oata because they typically are 
reaa se\eral times during a Simulation. Subroutine REA02 reads 
these aata. The "RZ" cards control the time steps and the time-
dependent parameters such as leach-rate, wel 1 injection rates and 
raoioisotope source rates. 

T11e las: group of cards to be read are the "P" cards. The specifi-
cations for plotting the calculated and observed data are entered 
here. 
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6 . l . l Tne "M" and RO" Cards 

T h e " M " c a :-- ,.:: s a r e r e a d f r o 111 t h e m a 1 n p r o g r a m T h e 1 n f o r m a t 1 o n 
provided by these cards sets up a general frame~or~ which the 
analysis will build on. The framework includes items such as: 

,..~ich equations will be solved, 
-:- '.-, e t y p e o f w e 1 1 b o r e c a l c u l a t i o n s t o b •: u s e d , 

S-:-tting printing and plotting controls, 
~--id size, 
~ype of aquifer representation, 
7~e method of numerical solution to be used. 

Tne "RO" c~·-cts 
ponents. 

input information pertaining to the radioactive com­
information defines each isotope 1n terrns of its 

parents; b•·;nching ratios for each parent, mass of the isotope, ~alf 
l i f e an d c · s t r i b:u t i o n c o e f f i c i e n t f o r e ach r o c k t y;) e . 

Read M-1 ; ~O.C..4/20A4) Ti t l e. 

L IST : TI L.: 

Two cards of alphanurneric data to serve as a 
title for this run. Any tit le up to 160 

characters (80/card) in length may be JSed. 

READ M-2 ·, s r s) Option Parameters. 

L l ST : N C :... ,_ ~ , R S T R T , I S U R F , I FR E E , N P L P , N P L T , II P L C , ; :J N 1 T 

Control parameter for solving the basic partial 
differential equations. To solve all three 
equations, enter zero. 

56 



r-1 CALL 

0 

-2 

2 

3 

4 

5 

Pressure Temperature 

X X 

X X 

X 

X 

ss 

ss 

Inert RaQ1oact1ve 
Comp Comp 

X * 

* 

* 

X * 

* 

* 

ss * 

X - Equa.tion solved 

* - Equation solved only if radioactive source is present 

SS - ·steady-state equation solved 

RSTRT 

ISURF 

- 1 - Total core storage required will be printed 
and program execution wjll stop. 

0 - Anormal run starting from initial 
conditions. 

>O - The number of the time step at which calcu-
lations are to resume for a restart run. A 
restart record from a previous simulation 
run corresponding to the specified time 
step must exist on the restart tape mounted 
on Tape Unit Number 4. 

Control parameter for wellbore calculations. 

0 - This means only rates or aquifer formation 
level pressures will be specified. 

1 - Surface values will be specified. The 
wel lbore model wi 11 calculate changes from 
the surface to the aquifer level. 
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I F REE 

ri P L P 

Control parameter for free water surface calculating 

0 - Continued aquifer system 

1 - Unconfined aquifer, free water surface 
mode active 

Control parameter for plotting pressures in the 
we l l s. 

l - Bottom-hole and surface pressures are 
plotted if wellbore calculations are per­
formed. Only the bottom-hole pressures are 
plotted if no wellbore calculations are 
performed. For an observation well the 
bottom-hole pressure is the grid block 
pressure. 

0 - No pressure plots are desired. 

- l Pressure plots are desired for a previous 
run. Skip REAO M-3 through R2-18 and 
proceed to Read P-1. 

Control parameter for plotting temperatures in 
t h e 1-1 e 1 1 . 

1 -

0 -

- 1 -

For an observation well the grid-block 
temperature is plotted. For an injection 
wel 1 the bottom-hole temperature is plotted 
if wel loore calculations are performed. 
For· a product'ion well the bottomhole 
temperature is always plotted. In addition 
the surface temperature is plotted if the 
wellbore calculations are performed. 

No temperature plots are desired. 

Temperature plots are desired for a 
previous run. S~i·p REAO M-3 through RZ-18 
and proceed to REAO P-1. 

Control parameter for plotting concentration 1n 

the well. 

1 -

0 -

• 1 

The concentration in the wel l is plotted 
for observation and production wells only. 

No concentration plots are desired. 

Concentration plots are desired for a previous 
run. Skip REAO M-3 through RZ-18 and proceed 
to REAO P-1. 
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I UNI T Unit specification control. 

0 - SI System 

1 - English Engineering System 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - -
NOTE: Proceed to READ P-1 if any of NPL's are negative. 

NOTE: s~:ip to READ M-4 if this is a restart run, i.e., RSTRT > O. 

READ M-3 (List 1: 815, List 2: 815) Core Allocation and Control. 

LI ST 1: ~X, NY, NZ, HTG, NCP, NRT, KOUT, PRT 
LIST 2: ~SMAX, NABLMX, NRCHMX, METHOD, NAAR, NTIME, NCOMP, NREPB 

ERROR MESSAGE: 
(Number 1) 

(Number 8) 

(Number 9) 

NX 

NY 

NZ 

HTG 

NCP 

NX 1 s less than or equa l to one or 
NY is less than one or 
NZ is less than one. 
The minimum dimensions on the grid block system are 
2xlxl. The maximum size is limited only by the 
available computer Storage. 

HTG is not within the permissible range. 
HTG is less than 1 or greater than 3. 

The entered value for KOUT is not permissible. KOUT 
is not eq_ual to 0, 1 or 3. 

PRT exceeds permissible range of -1 to +2. 

Number of grid cells in the x direction (greater 
than or equal to 2). 

Number of grid cells in the y direction (greater 
than or equal to l). 

Number of grid cells in the l direction (greater 
than or equal to 1). 

Control parameter for input of reservoir descrip­
tion data. 

1 - Homogeneous aquifer, cartesian geometry. 

2 - Heterogeneous aquifer, aquifer data entered 
on regional basis, cartesian geometry. 

3 - Radial geometry. The aquifer may be heter­
ogeneous in the vertical direction. 

Number of radioactive/trace components in the 
system. 
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NRT Number of rock types. 

NOTE: Distribution coefficients, dispersivities.i thermal conduc­
tivities and salt-dissolution coefficients are all functions of 
rock or strata type. Rock types of all blocks are initialized to 
IRT = 1. Changes of rock type to other va l ues are entered in the 
RlA-1 cards. 

KOUT 

PRT 

NSMAX 

NABLMX 

NRCHMX 

Output control. 

O - All initialization output activated. 

l - All initialization output except initial 
arrays (concentrations, pressures, etc.) 
are activated. 

3 - No initialization out·put is activated. A 
value of 3 for KOUT can be used to omit 
printing of most initialization data. 

Output array orientation control. 

- 1 -

+ l -

Print output arrays as areal layers (x-y). 
Block numbers in the x direction increase 
from left to right and decrease down the 
computer page in the y direction. 

Printout is similar to above except that 
J-block numbers increase down the computer 
page. 

2 - Print output arrays as vertical sections 
( X - Z ) • 

Maximum number of radioactive/trace component 
sources that will be used during the run. 

Maximum number of aquifer influence function 
blocks. This data is used for dimensioning the 
aquifer influence function arrays. This number 
is equal to the nurnber of peripheral blocks, if 
aquifer influence functions are tobe used. 

Maximum number of surface recharge blocks 
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METHOD The matrix solution technique for which core is 
to lle allocated. 

0. + l - Storage is allocated for direct solution. 

+2 Storage is allocated for the L2SOR method. 

NOTE: Parameters METHOO and NAAR are coupled in that if NAAR is 
nonzero, then N~AR words of core are al located for matrix solu-
tion. lf. however, NAAR is zero, then core is allocated either for 
the L2S0~ ~ethod or for the direct method, depending on the value 
of METHOO. In the case of al location for the direct solution via 
METHOO, ar approximate algorithm is used. 

NOTE: Parameter METHOD may be changed in REAO R2-2 to effect the 
actual so1ution technique. Thus, for example, core may be 
al located for the direct method, and L2SOR may actually be used. 
However, the converse is not true. Since the direct technique 
requires ~ore core than does L2SOR, core may not be allocated for 
L2SOR followed ~y solution with the direct method. 

NOTE: In the case of direct-solution allocation, the approximate 
algorith~ is not always correct. Therefore, one should compare the 
approxima:e allocation with the required allocation, both of which 
are_printed. If the latter is larger, resulting in job 
termination, then NAAR must be specified. 

NAAR 

NTIM: 

Storage allocation for the working array A in the 
direct solution routine. 

0 Length of A array will be calculated 
internally using an approximate formula. 

>O - Storage allocation for A array. If direct 
solution is intended, then this number must 
be equal to or greater than the minimum 
length required, which is printed by the 
program. 

Number of times for which concentrations of un­
leached radioactive components within the reposi­
tory area are to be input. If NTIME is greater 
than one, then power-law interpolation is tobe 
used. lf NTIME equals one, then only initial 
concentrations are input and the time-dependent 
concentrations within the repository are calcu­
lated. 
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NCOMP Number of components for wh1ch descr1pt1ve 
i11formation is tobe read in the RlA cards. Note 
that NCOMP > NCP must be the case. 

N R E P f3 Number of repos1tory blocks. 

NOTE: Data group RO should be entered only if RSTRT < 0 and 
NCP > 0. Otherwise skip REAO R0-1 and REAO R0-2. -

REAO R0-1 ( L I ST l : 13, 2A4, 4X, 315, Elü.O; LIST 2: 4(15, SX, 
Radioact1ve Component Information. E 10. 0) ) 

NOTE: Enter NCP (number of components) sets of R0-1 data. 

LIST 1: MASS (1), (OI(J,I),J=l,2), 1, NP(I), LADJ(I), DEC(I) 

ERROR McSSAGE: 
(Number 51) 

(Number 52) 

(Number 53) 

MASS 

0 l 

NP 

LAOJ 

1 is equal to zero or greater than NCP (entered 1n 
REAO M-3) or NP(!) is negative. 

DEC is negative for at least one of the components. 

For one or more of the components, KP is less than 
1 or greater than NCP (entered in READ M-3) or AP 
is negative. 

Mass number of the isotope. 

ldentification for radioactive component 1. 

Component number. 

Number of parent components for I. 

Lambda (rate constant) adjustment index. 

Modify rate constant of the isotope .. 

0 - Do not modify rate constant. 

Half 1 ife of component 
cornponents, enter zero. 

in years. For stable 

LIST 2: KP(J), AP(J), J=l, NP 

NOTE: ~~ip this list if NP(!) equals zero (see LIST 1 ). 

KP 

AP 

Parent component number. 

Fraction of parent component KP that decays to 
t t1 e c o m p o n e n t l ( L I S T l ) . 
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READ R0-2 (7El0.0) Rock-Dependent Distribution Coefficients. 

LIST: DIS( I), I=l, NCP for each rock type. 

ERROR MESSAGE: 
(Number 54) At least one of DIS is negative. 

DIS Adsorption distribution coefficient in ft3/lb 
(rn3/kg) . Enter one value for each component for 
a total of NCP (see READ M-3) values for each rock 
type. Start new rock type values on a separate 
card. 

NOTE: 

NOTE: 

If RSTRT < 0 (READ M-2), this is the end of your data set. 

If RSTRT = 0, (READ M-2), skip to READ Rl-1. 

READ M-4 (IlO) Restart Control Integer. 

LIST: rL,:.sT 

I LAST 

READ M-5 (FlO.O) 

LIST: TM'.:HG 

TMCHG 

Length of the variable blank common. 
printed out at the beginning of each 
your initial run for this number. 

Restart Time. 

I t i s 
run. See 

Time in days (seconds) at which the next set of 
recurrent data is to be read. If TMCHG is less 
than or equal to the time corresponding to RSTRT 
(REAO M-2), a set of recurrent data will be read 
immediately to resume the previous simulation. 

NOTE: Proceed to REAO R2-1 for a restart run, i.e. RSTRT > 0. 

6.1.2 The "Rl" Cards 

The data supplied by the Rl cards define the physical parameters of 
the syster. being simulated; the reference temperature, pressure and 
elevation for calculating pressures; the detailed geometry of the 
system ana the boundary conditions for the system being simulated. 
The gener~1 procedure for defining spatially dependent parameters is 
to specify large homogeneous regions followed by modification cards 
to insert inhomogeneities. 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I< E !1 0 R 1 - 1 ( 5 E 1 0. O) Physical Properties. 

1 r, l . C .,., • C I< • C T \../ • C P \./ • C P R 

(\./ 

C P'...-

CPR 

r<tAü Rl-2 

Compressibility of the aquifer fluid, (psi)_ 1 
((Pa)- 1 ). 

Compressib1l1ty of pore structure, (psi)_1 
( ( p a) - 1 ) . 

Coefficient of tt,erma1 expansion of the aquifer· 
fluid, ("F)_l (("CJ-1). 

The fluid heat capacity, Btu/lb-"F (J/kg-"C). 

The rock heat capacit_y per unit volume of solid, 
1:3tu/ft3-•F (J/m3-•c). 

( 7 E l O. 0) Physical Properties. 

U• 7X, UKTY, UKTZ, CONV, ALPHL, !-.LPHT, OMEFF 

u<TY 

, ,, T 7 
._Ir, F ..._ 

~UNV 

;....LPliL. 

,:, L P HT 

üMtFF 

Thermal conductivity of the fluid saturated 
porous meaium in the x direction, Btu/ft-day-°F 
(J/m-sec-"C) (see CON\'). 

Thermal conductivity of the porous medium in the 
y direction. 

Thermal conductivity Df the porous medium in the 
z direction. 

Conversion ractor for the thermal conductivities. 
The entered values of the thermal conductivities 
are mult-lpled b·y CONV to obtain units of 
l:3tu/ft-day-"F (J/m-sec-·c). If entered as zero, 
thermal conductivities should be read in 
Btu/ft-day-"F (J/m-sec-°C). 

Longitudinal dispersivity factor, ft (m). 

Transverse dispersivity factor, ft (rn). 

Molecular diffusivity in the porous medium, 
includes porosity and tortuosity effects (porosi­
ty x fluid molecular diffusivity x tortuosity), 
ft2/day (m2/sec). 
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REAO Rl-2.5 (LIST 1: (3E10.0); LIST 2: (7Elü.O)) Rock-Oependent 
Physical Propert i es. 

NOTE: Ski;:, this read if NRT = 1, and proceed to Rl-3. 

LIST 1: UTCX( I), UTCY( I), UTCZ( I) 

UTCX 

UTCY 

UTCZ 

Thermal conductivity of media in x-direction for 
rock type!, Btu/ft-day-°F (J/m-sec-"C). 

Thermal conductivity in y-direction. 

Thermal conductivity in z-direction. 

LIST 2: AL~HAL (I), ALPHAT ( I) 

ALPHAL 

ALPHAT 

Longitudinal dispersivity factor for rock type I, 
ft (m). 

Transverse dispersivity factor (m). 

READ Rl-3 (5El0.0) Reference Oensities. 

NOTE: The fluid densities are entered here for brine concentra-
tion C = C (natural aquifer fluid) and concentration C = 1 
(contaminated fluid). 60th densities must be entered at the same 
reference temperature and pressure. 

LIST: SROCK, PBWR, TBWR, BWRN, BWRI 

ERROR MESS.C. .. :;E: 
(Number 5) 

8 ROCK 

P 8\.1 R 

TBWR 

8 WR N 

BWRI 

Either one or both the fluid densities (BWRN and 
BWRI) is zero or negative 

Actual rock density (solid particle) lb/ft3 
(kg/m3). 

Reference pressure at which the densities are to 
be entered, psi (Pa). 

Reference temperature at which the densities are 
to be entered, "F ("C). 

The density of the natural aquifer fluid 
(concentration=O) at PBWR and TBWR, lb/ft3 
(kg/m3). 

The density of the contaminated fluid 
(concentration=l) at PBWR and TBWR, lb/ft3 
(kg/m3). 

NOTE: If ISURF = 0, omit REAO Rl-4 and Rl-5 and proceed to Rl-6. 
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--------------------------------------------------------------------
READ Rl-4 

L I S T : NOUT 

NOUT 

READ Rl-5 

( 15) Wellbore Data. 

Output control parameter for wellbore 
calculations. 

0 - No output is activated 

Iteration summary (number of outer 
iterations, flow rate and the bottom-hole 
pressure) is printed for each wel 1. 

2 - The we11 pressure and temperature (at the 
surface for an injection well and at the 
bottom-hole for a production well) and the 
flow rate are printed every time subroutine 
WELLB is called. 

3 - The pressure and temperature in the well 
are printed over each increment (see DELPW 
in READ Rl-5). 

(3E10.0) Wellbore Data. 

L I S T : PB~SE, DELPW, TOIS 

PBASE 

DELP~ 

TOIS 

Atmospheric or reference pressure at the well­
head, psi (Pa}. This is used to convert absolute 
pressure to gauge pressure. 

Incremental value of pressure over which wellbore 
calculations are tobe performed, psi (Pa). The 
pressure and temperature calculations in the well­
bores proceed in increments. The length increment 
corresponding to DELPW is calculated, and the temp­
erature change over each increment is simulated. 

Thermal diffusivity of the reck surrounding the 
wellbores, ft2/day (mZ/sec). 

NOTE: Witn the exception of one control parameter pertaining to 
the initial te~perature distribution, the input data inAREAD Rl-6 
through REAO Rl-8 pertains to the viscosity function µ(C,T). The 
first card contains control parameters which limit input from those 
following. A detai led discussion of the options available for the 
specifica~ion of this function appears in Section 3.2. Thus, only a 
summary is given here~ The minimum viscosity data ~onsists of the 
two points VISRR = u(C = 0, T = TRR) and VISIR = µ(C = 1, T = TIR} 
(READ Rl-7). The remainder of the function wil 1 then be generated 
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frorn thc gcncral ized curve of Lewis and Squires (for the dependence 
on temperature) and from interpolation {for the dependence on brine 
concentration). As discussed in Section 3.2, the general ized curves 
may introducc as much as an 18 percent error in \he temperature 
dcpendence of the viscosity function. lt is therefore desirableAto 
supply additional data whenever possible. Temperature data for C = 
0 may be included by using arrays TR(I) and VISR {Il (REAO Rl-9) 
with control parameter NTVR. Temperature data for C = 1 rnay be 
included by using arrays TI(I) and VISI(I) (READ Rl-10) with control 
parameter ~TVI. Concentration data for T = TRR may be included by 
using arrays SC(I) and VCC(I) (REAO Rl-8) with control para~eter 
~CV. In order to define a constant value of viscosity for C = 0 (or 
C = 1), it is necessary to specify the same value for two different 
temperatures. For example, a constant function µ(C = 0, T) = 1 cp 
is determined by specifying NTVR = 1 a~d VISRR = VISR = 1.0 with TRR 

-/- T R. 

READ Rl-6 (415) Viscosity and Temperature Controls. 

NOTE: The number of entries called for below (except for NOT) 
refers to the viscosity values tobe entered in addition to the. 
reference viscos~ties. 

LIST: NCY, NTVR, NTVI, NOT 

NCV Number of entries in the concentration-viscosity 
table. This table is for viscosities otherAthan 
t h e r e f e r e -n c e v a 1 u e s e n t e r e d f o r C = 0 a n d C = 1 . 
If only the two pure-fluid viscosities are 
available, enter zero and read in the viscosities 
of the pure fluids as reference viscosities. 

N TV R Number of entries in th e temperature-viscosity 
t ab l e for e = 0. 

NTVI Number of E;_ntries in the temperature-viscosity 
t ab 1 e for C = 1. 

NOT Number of entries in the depth versus temperature 
table. 

READ Rl-7 (4El0.0) Viscosity Data. 

LIST: TRR, VISRR, TIR, VISIR 

TRR 

V I SR R 

T I R 

Reference temperature for the resident visco~ity 
fluid, "F {"C). 

Viscosity of the resident fluid at the reference 
temperature, TRR, cp (Pa-sec). 

Reference temperature for the brine fluid 
viscosity, °F (·c). 
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VI SIR Viscosity of the brine fluid at TIP, cp 
(Pa-sec). 

READ Rl-S (7Fl0.0) Viscosity Data. 

NOTE: lf NCV = 0, omit REAO Rl-8. 

LIST: SC(!), VCC(l), l=l, NCV 

E.RROR MESSAGE: 
(Number- 6) 

SC 

vcc 

One or more of the viscosity values is entered as 
zero or negative, or an SC is negative. 

Concentration, mass fraction. 

Viscosity of a fluid mixture at concentration SC 
and temperature TRR, cp (Pa-sec). 

READ Rl-9 (7Flü.O) Viscosity Data. 

NOTE: If NTVR = 0, skip READ Rl-9 and proceed to READ Rl-10. 

ERROR MESSAGE: 
(Numbe'." 6) One or more of the viscosity values is entered as 

zero or negative, or TR is equal to TRR. 

LIST: TR(I), VISR(I), I=l, NTVR 

TR 

VlSk 

Temperature, "C. 

Viscosity of the resident fluid at the temperature 
TR, cp (Pa-sec). Do not re-enter the reference 
viscosity at TRR (READ7TT-7). 

READ Rl-10 (7Fl0.0) Viscosity Data. 

NOTE: If NTVI = 0, skip READ Rl-10 and proceed to READ Rl-11. 

ERROR MESSAGE: 
(Number 6): One or more of the viscosity values is entered as 

zero or negative, or TI is equal to TIR. 

LIST: TI ( I ) , VI SI ( I ) , I = 1, NT VI 

TI Temperature, ·c 

V I S l 

REAO Rl-11 

Viscosity of the saturated brine at the temperature 
TI, cp (Pa-sec). Do not enter the reference 
viscosity at TIR (REAORl-7). 

(2Fl0.0) Initial Temperatures. 

NOTE: Initial temperatures in the aquifer and the overburden-under-
burden blocks are tobe entered here. The initial temperature is 
assumed to be a function of depth only. 



LIST: ZT(l). TO(I), I=l, NOT 

ZT Depth, ft (m). 

TD Temperature, "F ( "C). 
--------------------------------------------------------------------
NOTE: As described in Section 3.6, heat transport between the 
reservoir and the overburden and/or underburden may be accounted for 
in the SWIFT code by means of a fully coupled, completely irnplicit 
heat-transport calculation within these neighboring regions. ßoun­
dary temperatures for the top of the overburden and the bottom of 
the underburden are obtained from the temperature-versus-de~th table 
(REAO Rl-11). Except for the assumptions of no lateral transport 
and no fluid flow within these external zones, the calculations 
there are completely general. The data defined in READ Rl-12 
through REAO Rl-15 gives the information necessary to discretize the 
overburden/underburden region and to define the heat-transport 
parameters. 

READ Rl-12 (215). Overburden and Underburden Parameters. 

NOTE: If NZ = 1, the underburden heat lass is assumed to be equal 
to the overburden heat loss. 

LIST: NZOB, NZUB 

ERROR MESSAGE: 
(Number 10) 

N ZO B 

NZUB 

Either NZOB is greater than 2 and KOB is negative 
or NZUB is greater than 2 and KUB is negative. 

Number of overburden blocks. If NZOB < 2, over­
burden heat-loss calculations are not-performed. 

Number of underburden blocks. If NZUB < 2, the 
underburden heat-loss calculations are not 
performed. 

READ Rl-13 (4E10.0} Overburden-Underburden Parameters. 

NOTE: Skip this REAO if both NZOB = 0 and NZUB = 0. 

LIST: KOB, CPOB, KUB, CPUS 

ERROR MESSAGE: 
(Number 10) 

KOB, KUB 

CP08, CPUS 

Either NZOB is greater than 2 and KOB is ~egative 
or NZUB is greater than 2 and KUB is nega:ive. 

Vertical thermal conductivities of the overburden 
and the underburden blocks, respectively, 
Btu/ft-day-"F (J/m-sec-"C). 

Overburden and underburden heat capacities per 
unit volume, 8tu/ft3-·F (J/m3-·c). 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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READ Rl-14 (7E10.0) Overburden-Underburden Parameters. 

NOTE: Sk1p this READ if NZ08 = 0. 

LIST: DZOB(K), K=l, NZOB 

DZOB Thickness of each overburden block, ft (m). The 
first overburden block is at the upper edge of the 
aquifer. The overburden block numbers increase 
moving away from the aquifer. 

REAO Rl-15 (7El0.0) Overburden-Underburden Parameters. 

NOTE: Skip this REAO if NZUB = 0. 

LIST: DZL'B(K), K=l, NZUB 

DZUB Thickness of each underburden block, ft (m). The 
block numbers increase moving away from the aquifer. 

--------------------------------------------------------------~-----
REAO ..Rl-16 (4E~0.0) Reference Temperature, Initial Pressures, and 

Datum Location. 

LIST: TO, PINIT, HINIT, HOATUM 

TO A reference temperature for both conductivities and 
densities, "f ("C). 

NOTE: Permeabilities are determined assuming that the input conduc­
tivities are referenced to temperature TO. Also, densities are 
related internal ly to this temperature in that only changes from the 
density at TO are calculated. 

PINIT 

HIN IT 

Initial pressure at the depth HINIT, psi (Pa). 

An arbitrary depth for setting up initial condi­
tions measured relative to the reference plane, ft 
(m). HINIT can be any depth within the aquifer. 
HINIT is used only to set up initial pressures in 
the aquifer. 

NOT~: 
Kl-21) 

Quantities HINIT, HOATUM, OEPTH (REAO Rl-20) and UH (READ 
are all referenced to the same reference plane. 

HOATur-~ A datum depth rneasured relative to the reference 
plane, ft (m). 

NOTE: Quantity HOATUM is for printing the dynamic pressures 
(p-pgh/gc)- The depth h is measured from the datum HOATUM. The 
fluid density used for computing dynamic pressures is the resident 
fluid density at TO and PINIT. This value is not used internal ly 
except for the pressure-at-datuITT calculation. 
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HEAD Rl-17 (LIST DIRECTEO)t Gr1d-Block Definition. 

NOTE: If HTG=J (radial geometry), skip to READ fl-22. 

L I S T : D E L X ( I ) , I = l , N X 

ERROR MESSAGt: 
(Nurnber 11) 

OELX 

One or more g~id block 
zero or negative. 

s i z es (DELX, DELY, DELZ) 

Length of each row of blocks in the x direction, 
ft (m). 

ar e 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Rt:AO Rl-18 (LIST DIRECTED)t Grid-ßloc.; Definition. 

LIST: DELY(J), J=l, NY 

ERROR Mt.SSAGE: 
(Number 11)" 

DELY 

One or more g~id block 
zero or negative. 

s i z es (DELX, DELY, DELZ) 

Leng t h o f e ach r o w o f b 1 o c k s i n t h e y d i r e c t i"O n , 
ft (m). 

are 

- - - - - - - - - - - - - - -·- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
READ Rl-19 (LIST OIRECTEü)t Grid-Block Definition. 

LIST: OELZ(K), K=l, NZ 

ERROR MESSAGE: 
(Number 11) 

DELZ 

One or more grid block sizes (DELX, DELY, OELZ) are 
zero or negative. 

Thickness of each vertical layer, ft (m). 

READ Rl-20 (7El0.0) Homogeneous Aqui~er Information. 

NOTE: These data are read only if HTG = l or 2, and by themselves 
descrioe a homogeneous reservoir. Heterogeneity may be introduced 
either by using READ Rl-21 and/or regional modifications in REAO 
Rl-26, in addition to READ Rl-20. ·· 

LIST: KX, KY, KZ, PHI, SINX, SINY, OEPTH 

ERROR MESSAGE: 
(Number 12) One or more of KX, KY and KZ is negative or PHI 

is less than zero or oreater than one or SINX or 
SINY is less than -1 or greater than +l. 

tLIST OIR~CTEO REAO: 
Input data consists of a strinq of values separated by one or 

more blank.s, a comma or a slash. io repeat a value, an integer 
constant is followed by an asterisk and the constant tobe repeated. 
Example: 

2*104.8 , 3*96.3 is equivalent to 

104.S 104.8 96.3 96.3 96.3 

Marginal identifiers are illegal for records using a list directed 
format. 
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KX 

K y 

KZ 

P H I 

S l N X 

S I N Y 

OEPTH 

Hydraulic conductivity in X direction, ft/day 
(m/sec). 

Hy d r au l i c conductivity in y direction, ft/day 
(m/sec). 

Hydraul ic conductivity in z di rection, ft/day 
(m/sec). 

Porosi ty (fraction). 

Sine of the reservoir dip angle along the x-axis 
(positive down). 

Sine of the reservoir dip angle along the y-axis 
(positive down). 

Oepth to top center of grid block ( l, l, l) 
measured from the reference plane. 

REAO Rl-21 
Information. 

( L f's t l : 6 I 5 , L i s t 2 : 7El0.0) Heterogeneous Aquifer 

NOTE: These data are read on ly if HTG = 2. Enter as many sets of 
data as required. Follow the data with a blank card. 

LIST 1: 11, 12, Jl, J2, Kl, K2. 
LIST 2: KX, KY, KZ, PHI, UH, UTH, UCPR. 

t R R (J R r,: E S S AG E : 
(NumDer 13) 

I l , I 2 

J l , J 2 

K l, KZ 

KX 

KY 

KZ 

P H I 

I 1s greater than NX or 
J is l ess than 1 or greater than NY or 
K is less than 1 or greater than NZ or 
KX or KY or KZ is negative or 
PHI is less than zero or greater than one or 
UCTR is less than zero. 

Lower and upper limits inclusive, on the 1-coordi­
nate of the region to be described. 

Simi lar definition for the J-coordinate. 

Simi lar definition for the K-coordinate. 

x direction hydraulic conduct ivity for flow, 
ft/day (rn/sec). 

y direct1on conductivity for flow, ft/day (m/sec). 

z direction conductivity for flow, ft/day (m/sec). 

Porosity, fraction. 
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UH 

UTH 

UCPR 

Oepth in ft (m) measured positive downward from 
reference place to top of the cell. If entered 
zero, the depth is unaltered frpm the value calcu­
lated for a homogeneous aquifer. 

Grid block thickness in the vertical direction, ft 
(m). If the layer thickness is equal to DELZ(K), 
read 1n READ Rl-19, UTH may be entered as zero. 

Heat capacity of the rock per unit volume, 
8tu/ftL"F (J/m3-•c). If the rock heat 
capacity is equal to CPR (REAO Rl-1), UCPR rnay be 
entered as zero. 

NOTE: Skip to REAO Rl-26 if HTG is not equal to 3. 

REAO Rl-22 (4ElO.O) Radial Aquifer Data. 

NOTE: The fol lowing three records are read for a radial geometry 
with only one weil. The well is located at the center of the grid-
b 1 o c k s y s t e m. ',Th e u s er h a s t h e o p t i o n o f d i v i d i n g t h e g r i d b 1 o c k s 
on an equal .6log(r) basis, (i.e., ri/r;_1 is constant) or entering 
the radius of each grid-block center. For the former option, auto-
matic rnesr, generation is available as described in Section 4.3. 

LIST: RW',.,, Rl, RE, DE?TH 

ERROR MESSAGE: 
(Number 14) 

RWW 

R l 

RE 

DEPTH 

The first grid block (Rl) is less than or equal to 
the well ·radius (RWW), or Rl is greater than or 
equa1 to the aquifer boundary radius (RE). 

Well radius, ft (m). 

The center of the first grid block for dividing 
grid blocks on an equal ~log(r) basis. 

External radius of the aquifer, ft (m). 

Oepth from a reference plane to the top of the 
aquifer, ft (m). 

READ Rl-23 (5ElO.O) Radial Aquifer Data. 

LIST: DtLZ(K), KYY(K), KZZ(K), POROS(K), CPRl(K), K=l, NZ 

E R R (J R 1'I E S S A G E : 
(Number 15) The layer tl1ickness (DELZ) is less than or equal to 

zero or KYY or KZZ is negative or porosity (POROS) 
is less than zero or greater than one. 
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DELZ 
KYY 
KZZ 
POROS 
CP R 1 

Layer thickness in the vertical direction, rt (m). 
Horizontal hydraulic conductivity, ft/day (m/sec). 
Vertical hydraulic conductivity, ft/day (m/sec). 
Porosity, fraction. 
Rock heat capacity, Btu/ft 3- °F (J/m 3- ;C). If the 
rock heat capacity in the layer is equal to CPR 
(READ Rl-1 ), CPRI may be entered as zero. 

NOTE: One card should be entered for each vertical layer. 

READ Rl-25 (7E10.0) 

NOTE: If Rl > 0, (READ Rl-22), Skip Rl-25 
LIST: RR(I), I = l,NX 

RR Grid block center radius, m. 

READ Rl-26 (LIST 1: 615; LIST 2: 6El0.0) Reservoir Descr,ption 
Modi f i ca t i o n s . 

NOTE: Read as many sets of these data as necessary to describe 
all the reservoir description modifications desired. Follow the 
last set with a blank card, which the program recognizes as the end 
of this data set. Even if no regional modifications are desired, 
nevertheless, the blank card must be included. 

LIST 1: Il, 12, Jl, J2, Kl, K2 

LIST 2: FTX, FTY, FTZ, FPV, HAOD, THADD 

ERROR MESSAGE: 
(Number 17) 

I 1 , I 2 

Jl, J2 

K 1, K2 

One or more of 11, 12, Jl, J2, Kl, K2 are out of 
per m i s s i b 1 e rang es 1 - N X , 1- N Y , an d 1 - r; Z , 
respectively, or 
Il is greater than 12 or 
Jl is greater than J2 or 
Kl is greater than K2. 

Lower and upper limits inclusive, on the 
I-coordinate of the region to be modified. 

(Similar definition for J-coordinate). 

(Similar definition for K-coordinate). 
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N ü T E : T h e x t r a n s m i s s i b i 1 i t y ( l , J , K ) r e f e r s t o t 11 e t r a n s m i s s i -
bil ity at the boundary separating grid-blocks (I-1, J, K) and (I, 
J, K). Similarly the y transmissibility (!, J, 1K) refers to the 
transm iss i b i·l i ty at the boundary separat i ng gr i d-b locks ( I, J-1, K) 
and (I, J, K). 

F T X 

FTY 

FTZ 

F PV 

HADU 

THAOD 

If positive or zero, this is the factor by which 
the x direction transmissibilities within the 
defined region are to be multiplied. If negative, 
the absolute value of FTX will be used for the x 
direction transmissibilities within the region to 
be modified. 

This has the same function of FTX, but applies to 
the y direction transmissibi l ities. 

This has the same function of FTX, but applies to 
the vertical transmissibil ities .. 

This has the same function of FTX, but appl ies to 
the pore volume. 

This is an increment that wil 1 be added to the 
depths within the defined region, ft (m). A 
positive value moves the designated cel 1s deeper, 
and a negative value brings them closer to the 
surface. 

Th i s is an increinent that will be added to the 
thickness values within the defined region, ft 
(m). A positive value makes the cel 1 thicker, and 
a negative value makes it thinner. 

NOTE: In regions in which more than one modification has been 
made to a parameter subject to additive modifications, the order 
of the modifications has no effect and the final net adjustment is 
simply the algebraic sum of all the additive factors or product of 
al I the multiplicative factors that apply to the region. The 
proyram wi 11 accept a zero modifier as a valid parameter. There­
fore, if no changes are desired to data that are affected Dy 
multiplicative factors (FTX, FTY, FTZ, FPV) read the corresponding 
factor as 1.0, not zero. Zero additive factors (HAOO AND THAOD) 
result in no changes to the depth and thickness values. 

NOTE: If no aquifer influence functions are used (no flow across 
aquifer boundaries), insert a blank card and proceed to READ I-1. 
If a natural migration velocity is desired in the aquifer, a 
steady-state aquifer option must be used. 
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READ Rl-27 (215) Aquifer lnfluence Functions. 

NOTE: Aquifer influence blocks are defined as t~ose cells in the 
model that communicate directly with an aquifer that is not itself 
modeled as part of the calculation grid, but whose effects are 
introduced through the aquifer terms read here. This feature can 
be used to introduce water influx (or efflux) from an edge without 
the expense that would be required to model the aquifer as part of 
the grid system. 

L I S T : IAQ, PRTAB 

ERROR MESSAGE: 
(Number 13) 

IAQ 

PRTAB 

IAQ is greater than 4, or one or more of Il, I2, 
Jl, J2, Kl, K2, are out of permissible ranges 1-NX, 
1-NY, and 1-NZ, respectively; or 11 is greater than 
12 or Jl is greater than J2 or Kl is greater than 
KZ. 

Control parameter for selecting the type of 
aquifer block representation. 

0 - No aquifer influence blocks are tobe 
used. Skip to READ I-1. 

l - A pot-aquifer representation wil 1 be used. 

2 - A steady-state aquifer representation will 
be used. 

3 - Use the Carter-Tracy Representation. 

4 - Constant pressure and brine component 
concentration boundary conditions will be 
used at blocks specified in READ Rl-28. 
Boundary conditions for heat transport may be 
either constant temperature or radiation. 

Print control key for the aquifer influx 
coefficient. 

0 - No printing of aqui_fer influx coefficients 
wi 11 be activated. 

l - The locations and values of the aquifer 
influx coefficients will be printec. 

READ Rl-28 (LIST 1: 815; LIST 2: 7El0.0) Aquifer Influence 
Functions. 

NOTE: If IAQ is 3 (REAO Rl-27), skip this REAO and proceed to REAO 
Rl-29. 

NOTE: Fol low the last VAB card of this data group by a b1ank card 
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NOTE: The read group consists of two cards or any number of sets of 
two cards, cach set defining a rectangular region and the value of 
VAß tobe assigncd that region. Ovcrlapping of regions is permissi-
ble. The order of the sets is 1mmaterial except that any overlap­
ping will result in the VAB of the last set read tobe assigned to 
the overlapped subregion. lf these data are read, i.e., IAQ /. 3, 
then skip REAOS Rl-29 through Rl-32 and proceed to REAO Rl-33. 

LIST l : 

LIST 2: 

Il, 12, Jl, JZ, Kl, KZ, KAQ, IPTC 

VAß, Pl, Tl, Cl, TZ, T3 5 C2 

ERROR MESSAGE: 
(Number 18) 

I l , I Z 

J l ' J 2 

K l , K2 

KAQ 

IPTC-

lAQ is greater than 4, or one or more of Il, rz, 
Jl, J2, Kl, KZ, are out of permissible ranges 1-NX, 
1-NY, and 1-NZ, respectively; or Il is greater than 
[2 or Jl is greater than JZ or Kl is greater than 
KZ. 

Lower and upper limits, inclusive, on the 
I-coordinate of the aquifer in f l u x region. 

(Similar definition for J-coordinate). 

(Similar definition for K-coordinate). 

Control variable for heat-transport equation on l y 
for IAQ = 4. 

- 1 - Type 3 radia_tion condition on l y. Tl i s not 
used. TZ and T3 are used. 

0 - Type 1 ternperature condition on l y. T 1 i s 
used. TZ and T3 are not used. 

1 - Type 1 temperature condition an d Type 3 r ad i -
a t i on condition. T 1, TZ, and T3 are a 1 l 
used. 

three digit number for not using boundary 
condition P, T, C (e.g. 110 pressure and 
temperature are used as impermeable) 
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For IAQ = l or 2 (READ Rl-27) 

VAB Aquifer influence coefficient for each block within 
the region defined by Il, IZ, etc. The units of 
VAB are ft3/psi (m3/Pa) for a pot-aquifer 
representation and ft3/psi-day (m3/Pa-sec) for 
a steady-state representation. 

Pl, Tl, Cl, TZ, TJ Not used. 

For IAQ = 4 (REAO Rl-27) 

VA8 Boundary block type. 

P 1 , Tl, Cl 

TZ 

TJ 

C2 

1. ü Block i s located on an I = l edge. 
2.0 Block i s located on an I = NX edge. 
3.0 J = l edge. 
4.0 J = NY edge. 
5.0 K = 1 edge. 
6.0 K = NZ edge. 

Constant values of pressure in psi (Pa), tempera­
ture in "F ("C) and concentration (fraction) at the 
block boundary specified according to VAB and KAQ. 

Temperature of surrounding media, "F ("C). 

Coefficient of surface heat transfer Btu/day-ft2-·p 
( W / m~. C) . 

Fixed brine concentration at block boundary 
(dimensionless) 

NOTE: If IAQ is not equal to 3, omit these data and proceed to 
READ R1-33. This section is used to enter data for the 
Carter-Tracy method of calculating aquifer influence functions. 
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READ Rl-29 (315) Aquifer-Influence Functions. 

L I ST : NCALC, NPT, PRT!F 

NCALC 

NPT 

Control parameter for selecting how the 
Carter-Tracy aquifer coefficients are to De 
assigned. 

O - The Carter-Tracy aquifer coefficients (VAB) 
wi 11 be read in as input data. 

l - The VAB will be calculated by the program 
and assigned to each edge (perimeter) block 
in each areal plane, K=l, 2, . NZ. 

2 - The VAB wi 11 be ca lcul ated by the program 
and assigned to each grid block in the last 
areal plane, K=NZ only. 

Number of points in the influence function versus 
dimensionless time table (P(to) versus to). 
If NPT is zero, the program. will select the 
Hurst-Van Everdingen infinite aquifer solution 
internally. 
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PR TI F Print control key for the influence function 
table. 

0 - Suppress printing 

- Print the table of P(to) versus to. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
REAO Rl-30 (LIST 1: 615; LIST 2: ElO.O) Carter-Tracy Functions. 

NOTE: Enter this data only if NCALC is zero. Otherwise, skip to 
REAO Rl-31. 

NOTE: Fol low the last VAB card of this data group by a blank card. 

NOTE: This REAO group consists of two cards or any number of sets 
of two cards, each set def ining a rectangular region and the value 
of VAB to be assigned that region. Overlapping of regions is per­
missible. The order of the sets is immaterial exc~pt that any over­
lapping will result in the VAB of the last set read tobe assi~ned 
to the overlapped subregion. 

LIST 1: Il, 12, Jl, J2, Kl, KZ 

LIST 2: VAB 

I 1 , l 2 

J 1 , JZ 

K l, KZ 

V;; B 

READ Rl-31 

Lower and upper limits, inclusive, on the 
I-coordinate of the aquifer influence region. 

(Similar definition for J-coordinate). 

(Sirnilar definition for K-coordinate). 

Aquifer influence coefficient for each block 
within the defined region. The aquifer-influence 
coefficient VAB for the Carter-Tracy method is 
actually the fraction of the total aquifer-reser­
voir boundary that is represented by the length of 
any given grid block. For this reason it is possi­
ble to calculate the VAB from input data previously 
read, and the VAB does not have tobe calculated 
external ly. 

(4El0.0) Carter-Tracy Functions. 

LIST: KH, PHIH, RAQ, THETAQ 

KH Conductivity-thickness for aquifer, ft2/day 
(m2/sec). An average value of transmissibility 
along the edges should be used. 
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PHIH 

RAQ 

Porosity-th1ckness for aquifer, ft (m). 

t::quivalent aquifer radius, ft ~m). The approximate 
method of Carter and Tracy is valid for circular 
aquifers. Ta retain the val idity of usage of cir­
cular reservoir influence functions, the grid sys­
tem should be chosen as accurately as possible. 

Angle of ·influence, degrees. This angle should 
indicate the portion of the aquifer covered by 
the aquifer influence boundary. lf mass flow is 
permitted across all the boundaries, enter 360°. 

REAO Rl-32 (2Fl0.0) Carter-Tracy Functions. 

~OTE: Th1s data is entered if NPT is not equal to zero. lf NPT is 
zer·o, the program will select the aquifer influence functions for an 
infinite aquifer and the influence-function data need not be 
entered. If NPT equals zero, omit this REAO and proceed to RE~D 
R l - 3 3. 

L IST : TO(I), PTD(I), l=l, NPT 

TO Oimensionless time, kt/µo(cw + cR)r~. 

p TO Terminal rate case influence function as given by 
Van Everdingen and Hurst. 

READ Rl-33 (LIST l: 615; LIST 2: ElO.O) Aquifer-Influence 
Moo1r1cat1ons. 

NOTE: These data al low the user to modify the aquifer influx 
coefficie~t VAB by the relation VAB(I,J,K) = VAB(I,J,K) x FAB. This 
is useful when a reservoir may experience no or limited water influx 
across one boundary. In this case, in the region where influx is 
lirnited, the FAB may be set to zero or a small number to reduce the 
VA8 along the boundary. Fellow these data with one blank card. If 
no modifications are desired, one blank card is still required. 

LIST 1: Il, 12, Jl, J2, Kl, K2 

LIST 2: FAB 

I l , I 2 Lower and upper l im i t s, inclusive on th e 
I-coordinate of t h e VAB to be modified. 

J l, J2 (Similar definition for th e J-coordinate). 

K l, K2 (Similar definition for the K-coordinate). 

FAB Factor by which th e VAB wi 11 be modified in the 
defined region. 
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6.1.3 The "I" Cards 

These data are read for initializing concentrations and natural flow 
in the aquifer. If the initial concentrations are zero everywhere in 
the aquifer and there is no natural flowt insert a blank card and 
proceed to READ RlA-1. 

READ I-1 (4I5) Initial Velocity and Concentrations. 

NOTE: The first three data are read for initializing concentrations 
and natural flow in the aquifer. If the initial concentrations are 
zero everywhere in the aquifer and there is no natural flowt insert 
a blank card and proceed to REAO RlA-1. The fourth value is to 
initialize from a tape. 

LIST: ICOMPt INAT, IRO, IRST 

ICOMP 

INAT 

IRO 

IRST 

Control parameter for initializing brine concen­
trations. 

0 -

1 -

Initial concentrations in all the grid 
blocks are zero. 
The initial brine 
zero everywhere. 
.,., i 11 be e n t e r e d i n 

concentrations are not 
Nonzero concentrations 
READ I-2. 

Control parameter for entering initial fluid velocity 
0 - The aquif~r fluid is static initially. 
1 - The resident fluid velocity will be entered 

in READ 1-3. 

Control parameter for initializing radioactive/trace 
component concentrations. 

0 - Initial concentrations in all the grid 
blocks are zero. 

1 - Nonzero concentrations for each component 
wi 11 be entered in REAO 1-4. 

Option for initializing with calculated values from 
a previous run. To initialize temperature/concen­
trations the saved values of the pressure distribu­
tion is needed too. 

0 -
m > 0 

No initializing 

Initializing with values from a previous run 

m = 100 pressure distribution 
= 110 pressure and temperature distribution 
= 101 pressure and brine distribution 
= 111 pressure, temperature and brine 

distribution 
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READ 1-2 (615, FlO.O) Initial Brine Concentrations. 

NOTE: 
LI ST: 

Skip this READ if lCOMP is zero. 
11, 12, Jl, J2, Kl, K2, ClNIT 

ERROR ~:ESSAGE: 
(ilumber 21) 

I 1, I 2 

J 1, J 2 

K 1, K2 
CINIT 

One or more of 11, 12, Jl, J2, Kl, K2 are out of 
permissible ranges 1-'.JX, 1-:~Y. and 1-iE, 
respectively; or 
Il is greater than 12 or 
Jl is greater than J2 or 
Kl is greater than K2 or 
CINIT is negative. 
Lower and upper limits, inclusive on the 
I-coordinate of the region having a nonzero 
initial brine concentration. 
(Similar definition for the J-coordinate). 
(Similar definition for the K-coordinate). 
Initial brine concentration in each of the blocks 
within the defined region, dimensionless. 

NOTE: Read as many of these cards as necessary to describe the 
concentrations everywhere in the aquifer. Only nonzero concentra­
tions need by specified. Follow the last card with a blank card. 

READ I-3 (FlO.O) Initial-Velocity Condition. 
NOTE: If INAT = 0, skip this record. 
LIST: VEL 

VEL Initial velocity of the resident aquifer fluid 
in the x direction, ft/day (m/sec). The initial 
velocities in the y and z directions are assumed 
tobe zero. Under this option, boundary pressures 
corresponding to the initial velocity are calcu­
lated and fixed at the boundaries during the run. 

READ I-4 (615, FlO.O) Initial Radionuclide Concentrations. 

NOTE: If IRD = 0, skip this READ. 
LIST: 11, 12, Jl, J2, Kl, K2, CINIT 

ERROR MESSAGE: 
(Number 22) One or more of Il, 12„ Jl, J2, Kl, K2 are out of 

permissible ranges 1-NX, 1-NY, and 1-NZ, 
respectively; or 
Il is greater than 12 or 
Jl is greater than J2 or 
Kl is greater than K2 or 
CINIT is negative. 

82 



I 1, 1 2 

J 1. J2 

K l, K 2 

( 1 N I T 

Lowcr and uµpcr l1m1ts, 1nclus1vc, 011 the 
1-coordinate of thc r-cg1on having a nonzero 
i n i t i J l r ad 1 o 11 u c 1 1 de <' o n c e n t r a t 1 o n . 

(Similar aefi111t1011 fur ~nc J-coor·dinate). 

(Sirnilar definition for_ the K-coordinate). 

I 11 i t i a 1 r a d i o n u c 1 1 d c c o r; c e n t r a t 1 o n f o r t h e 
component being entcr·cd. 

ri U Tc. : Re ad a s man y o f t 11 es e ca,· a '.:> a '.i :1 c c •.: s s a r y t o des c r i b e t h e 
nonzero radionuclide component concenuar.1ons, following the last 
card with a blank card. A total of NCP such sets of data are 
requ1red, one for each radionuclide cornponent. 

5.1.4 The "RlA" Cards 

Here four different types of data are sp~cified: 1) rock-type 
modifications, 2) rock-type dependent sa1t-dissolution constahts, 3) 
w a s t e - s t o r a g e i .n f o r m a t i o n an d 4 ) so l u D 1 1 1 t i e s t o b e a p p l i e d w i t h i n 
the repos itory. Thermal conductiviti es of the media, distribution 
coefficients and salt-dissolution coeff1c1ents al 1 vary with the 
rock-type of tne geologic media. Initia1~y. all grid blocks are 
a s s um e d t o b e o f T y p e 1 . T 11 e R l A c a r d s p r o v i d e r e g i o n a l 
modification of this initial specification. 

RE:.~O R lA- 1 ( 71 5) Modification of Roc-:. Types. 

NOTE: 
number 

If NRT" l, 
of changes, 

s k i p t h i s RE A [J . 

terminating witn 
Otner.,.,·ise enter 
a bl::n ►: card. 

the desired 

L l ST : !lA, Ilß, JlA, Jlö, KlA, K1b, [RT 

I l A, I 1 B 

JlA, Jlß 

K 1 A, K l B 

Upper and lower limits inclusive on the 
I-coordinate of region of modified·rock 
type. 

(Similar definition for the J-coordinate). 

(Similar oef1nition for the K-coordinate). 

Rock type. i R T 

REAlJ RlA-2 (8Fl0.0) Salt-Oissolution Coefficients. 

L i S T : (;..CS(!), I=l, NRT) 

ERROR MESSAGE: 
(Number 56) One or more values of ACS 1s negative. 
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AC S Product of the rate of sall dissolution and 
the mass fractions of solubles to total dry 
mass, (day)-1 ( (sec)-1). · 

NOTE: 
from 
RZ-l 

T h e r e m a i n d e r· o f t h e R l A c a r d s p e r t a i n o n 1 y t o w a s t e 1 e a c h 
a nuclear waste repository. Thus, the user must skip to REAO 
if one or more of the following conditions is true: 

( 1 ) ~; C P = 0 , ( 2 ) N C O ~, P = 0 , ( 3 ) N T I M E = 0 , o r ( 4 ) N R E P B = 0 . 

REAO F<.lA-2 ( 15) ·..:aste Type. 

LIST: I L.. t. EL 

I L E V E \.. 

REAO RlA-l 

If !LEVEL = l, then canistered storage is 
to be used in which canister radii and 
sep,:Hations are defined. [f !LEVEL= 0, 
then uncanister~d storage is tobe used in 
~hich only the waste-volume density is 
spec i f ied. 

(4FlD.O) Storage Specifications. 

LIST: S D : l F T , S C 1; S T R , D C N S T R , H C N S T R 

ERRQ;:l_ M~SS.:'.,GE: 
(Nu;nber 57) 

SDR!F-

H C NS - ;; 

One or more of SORIFT, SCNSTR, OCNSTR, or HCNSTR 
are negative. 

S~paration of rows of canisters, ft (m). 
Jsed only for storage of canistered wastes. 

Center-to-center canister separation within 
eacn row, ft (m). Used only for storage of 
canistered wastes. 

For canistered wastes OCNSTR is the dia­
meter of each canister, ft (m). For 
uncanistered wastes OCNSTR is the volumetric 
waste density (volume of wastes/bulk 
volume). 

Canister height, ft (m). Used only for 
storage of canistered wastes. 

NOTE: ~r~itrary units may be used above and then converted to the 
English :f'ginee1·ing System (SI System) via RlA-5. 

READ RlA-S (3Fl0.0) Unit Conversions. 
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CONVL 

CO ri VC 

C 0,'; V T 

For canistered wastes CONVL multiplies SDR!FT, 
SCNSTR, OCNSTR, and HCNSTR to convert them to 
ft (m). For uncanistered wast~s, CNVL multiplies 
only OCNSTR to convert it to ft3 (m3) of wastes per 
bulk ft3 (m3). 

This parameter multiplies the waste concentrations 
( R lA-8) to convert them to lb/ft3 (Kg/m3) of was tes. 

This parameter multipl ies the specified interpol a­
tion times (RlA-7) to convert them to days (seconas) 
(seconds). 

NO TE: Tne default value for CONVL, CONVC and CONVT is one. 

REAO RlA-6 (615) Location of Repository. 

L I ST : I lA, 118, JlA, JlB, KlA, KlB 

ERROR MESSAGE: 
(Nuriiber 58) 

I 1 A, l lö 

J1A, Jlß 

KlA, Klß 
-

This error refers to the repository as specified in 
RlA-6. One or more of IlA, IlB, JlA, JlB, KlA, KlB 
a r e o u t o f p e r m i s s i b 1 e r a n g e s l - N X , l - N Y , a n d l - ~i Z 
respectively, or 
IlA is greater than IlB or 
JlA is greater than JlB or 
KlA is greater than Klß or 
The number of repository blocks (NREPB) is exceeded-:-

Upper and lower limits, inclusive, on the 1-
coordinate of the repository region. 

(Similar definition for the J-coordinate). 

(Similar definition for the K-coordinat~i 
--------------------------------------------------------------------
REAü RlA-7 (8El0.0) Interpolation Times. 

NOTE: \..aste concentrations may be obtained either by interpolation 
from a table of values or by integration of the radioactive-trans­
formaticn equations. If the integration option has been specified 
(NTIME = l), then insert a blank card here and proceed to REAO RIA-8. 

LIST: (CTlME(I), I = l, NTIME) 

ERROR MESSAGE: 
(Number 59) 

CTI~t: 

One or more of the interpolation tirnes, CTIME, is 
zero or negative. 

Interpolation times, day (sec). 

NOTE: 
RlA-5 

Arbitrary units may be used here and then converted via REAO 
if desired. 
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NOTE: The user should enter NCOMP groups_ of Cdrds as specified in 
READ RlA-8. However, the information wi 11 be used only in those 
c a s e s w h e r e C N AM E rn a t c h e s O 1 , a s s p e c i f i e d i n R E A O R O - l . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
KEAO klA-8 (2A4, 2X, 7Elü.0,/(8El0.0)) Interpolation of Repository 
Concentrations. 

L l S T : ( C :; AM E ( I ) , I = l , 2 ) , ( C N O U M ( 1 ) • 1 = l , N T I M E ) 

CNAME ldentificat ion of radioactive component 

lf interpolation is tobe used, then CNOUM 
represents the concentrations at the interpolation 
times expressed as mass per unit volume of waste. 
[f interpol ation is not used, then CNOUM( l) is the 
initial concentration. 

REAO RlA-9 (7F10.0) Solubil ity Limits. 

L [ S T : (CS(I), I = 1, NCP) 

ERROR MESSAGE: 
(Number 61) 

CS 

One.or more of the solubilities is negative. 

Solubil ity l imits expressed as mass 
fractions. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - -.- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
6.1.5 The "R2" Cards (Recurrent Data) 

The data defined in the previous section are required to describe the 
aquifer and fluid properties and to establish initial conditions. 
The data discussed in this section, however, are time-dependent. 
T h e y -a r e r e ad b e f o r e t h e f i r s t t i m e s t e p a n d a t s u b s e..q u e n t t i m e s t e p s 
when changes are desired in the time=step data, the wells, the source 
data, the wellbore data, the solution methoa, or the mapping specifi-
cations. Note that any of the data entered up to this point cannot 
be changed. The overburden and underburden blocks specifications or 
aquifer influence functions cannot be changed in any manner_once th~y 
have been specifi~d at the beginning. 

REAO f<2- i (101 5 ) Co n t r o l P a r am et er s . 

LIST: INOQ, IWELL, IMETH, ITHRU, IRSS, IPROD, IOPT, INOT, ICLL, IRCH 

INDQ Control parameter for reading well rates. 

0 - Oo not read well rates. 

l - Read ...,.ell rates on one card (REAO R2-5). 

2 - Read one card for each wel l rate (READ 
R2 -6) . 
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IWELL 

IMETH 

ITHRU 

I RSS 

IPROD 

IOPT 

Control parameter for reading we11 definition 
data. 

0 - Do not read we11 data. 
1 - Read new or altered well data. 

Contro1 parameter for reading method of 
solution. 

0 - Do not read method of solution. 
1 - Read new or altered method of solution. 

Run termination control. 

0 Run is to continue. 

1 Run is to terminate at this point. No more 
recurrent data wi 11 be read after thi s • 
card. If no plots are desired, i .e., NPLP, 
NPLT and NPLC are all zero, this should be 
the last card in your data deck. 

2 - Pressure at datum will be printed using 
variable density from the block depth H to 
HDATUM. 

Control parameter for reading radionuclide 
source data. 

0 - Do not read trace components source data. 

1 - Read new or a1tered source-rate data defined 
by block number. 

2 - Read time parameters for waste-leach 
submode1. 

Control parameter for reading wellbore data. 

0 - Do not read wellhead data. 
1 - Read new or altered wellhead data. 

Control parameter for reading iteration data for 
the we1 lbore solution. 

0 - Do not read wellbore iteration data. If it 
is a new run, and wellbore calculations are 
desired, then default values of the iteration 
parameters will be used for we11bore ca1cu-
1ations. 

1 - Read new or a1tered wellbore iteration data. 
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IN DT 

ICLL 

I RCH 

Control parameter for reading reservoir solution 
iteration data for the reservoir solution. 

0 - Do not read iteration data. If entering 
data before the first time step, default 
values of the iteration parameters will be 
used. 

1 - Read new or altered iteration data. 

0 - Do not read change in equation solution 
control, NCALL 

1 - Read new equation solution control, NCALL. 

0 - No change in recharge data. 

1 - Recharge data will be initialized or updated 
during this time step. 
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REAO R2-2 (IS, FlO.O) Oifferencing and Solution Techniques. 

NOTE: These data are entered if IMETH is not equal to zero. If it 
is a new run and IMETH is equal to zero, the program selects 
METHOO=l and 1.JTFAC=l.O (airect solution with backward space and 
time approximat~ons). 

LIST: METHOO, h'TFAC 

ERKOR MESSAGE: 
(Number 40) 

METHOO 

WT F ~.C 

METHOO is less than -2 or greater than •2 or 
WTFAC is greater than 1.0. 

Method of solution. (If zero is entered, the 
program selects METHOO = 1 .) Oirect solution may 
be entered only if direct solution is specified 
in REAO M-3. 

- Reduced band-width direct solution with back­
ward finite-difference approximation in 
time. 

2 - Two line successive-overrelaxation (L2SOR) 
solution with a backward finite-difference 
a p p r o x i m a t i o n i n t ·tm e _ 

-1 - Reduced band-width direct solution with a 
centered finite-difference approximation in 
time. 

-2 - Two-line successive overrelaxation solution 
with a centered finite-difference approxima­
tion in time. 

Weight factor for finite-difference approximation 
in space. 

1.0 - Backward di fference. 

0.5 - Central difference. 

NOTE: If WTFAC ~ 0 is entered, the program selects WTFAC = 1.0. 
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READ R2-2.5 (4!5,ElO.O) Recharge Data 

NOTE: Skip this REAO, if IRCH = 0. For overlapping blocks 
the rate read latest will be used. Fellow the last card with 
a blank card. 

LI ST: Il, 12, Jl, J2, RCHG 

I 1 , I 2 

J 1, J 2 

RCHG 

Recharge blocks in the X-direction 

Recharge blocks in the Y-direction 

Recharge rate in the uppermost layer 
(k = 1) [m/sec] 

REAO R2-3 (15, 4Fl0.0) \./ellbore Data. 

NOTE: These data are entered if IOPT is greater than zero. If 
default values are desired, insert a blank card and proceed t~ REAO 
RZ-4. The default values of the parameters are discussed below. 

LIST: NITQ, TOLX, TOLDP, Q,C.,MPX, EPS 

NITQ 

TOLX 

TOLDP 

OAMPX 

EPS 

Maximum number of outer iterations in the well­
bore calculations. For example, if the injection 
rate for a well is specified, the wellhead press­
ure is calculated iteratively to obtain the 
bottom-hole pressure necessary to inject the 
specified rate. lf entered as zero or a negative 
number, the program selects the default value of 
20. 

The tolerance on the fractional change in pressure 
over an iteration. If entered as zero or a nega-
tive number, the default value of 0.001 is 
selected. 

The tolerance, on pressure, psi (Pa). The default 
value is 7000 psi (4.8 x 107 Pa). 

0 am p i n g f a c t o r i n e s t i m a t i n g t h e n J·x t v a l u e o f 
the pressure (surface for an injection well and 
bot t o m - h o l e f o r a pro du c t i o n w e l l ) . l f ·t h e 
frictional pressure drop in the well is high, a 
linear extrapolation may lead to oscillations 
around the right value. The default value is 
2.0. 

The tolerance on calculating temperature from 
given values of enthalpy and pressure. The fluid 
temperatures in the wellbore are calculated over 
each pressure increment as specified in READ 
R 1 - 3 . T 11 e de f au 1 t v a 1 u e i s O . 0 0 1 . 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - -
NOTE: If INOQ is equal to zero, skip READ R2-4 through READ R2-6 
and proceed to READ R2-7. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -
READ R2-4 (15) Wel 1 Specifications. 

LIST: NWT 

ERROR MESSAGE: 
(Number- 25) 

N\./T 

Total number of wel 1s (NWT) is less than 1 or 
exceeds dimension lirnit NWMAX. 

Total number of wells. 

REAO R2-5 (7El0.0) Well Specifications. 

NOH: Enter these data only if INOQ is equal to one. 

LIST: Qtl), I;l, NWT 

Q Production rate, ft3/day (m3/sec). If it is an 
injection well, enter the value as a negative pro-
duction rate. Al 1 the well rates must be entered 
even if all of them have not changed. 

READ R2-6 ( 15, Elü.O) Well Specifications. 

NOTE: Enter these data only if INOQ is equal to two. Read as many 
cards as necessary to describe all the modified injection and 
production well rates. Follow the last card with a blank card. 

LIST: I, QWELL 

1:.RROR MESSAGE: 
( N u m b. e r 2 6 ) 

QWELL 

Wel 1 number I is less than r or greater than N\H. 

\./ell number. 

Production rate, ft3/day (m3/sec). Enter nega-
tive values for injection rates. Enter only the 
well rates which are tobe changed from an earlier 
recurrent data set. 

R(Aü RZ-7 (LIST f: (615); LIST 2: (4El0.0); LIST 3: (8El0.0); 
LIST 4: (?ElO.O)) Well Specifications. 

NOTE: Tnese data are entered for IWELL equal to one. Read one set 
of data for each wel 1 and follow the last card with a blank card. 

LIST 1: 1, IIW, IJW, IICl, IIC2, IIN0\./1 

ERROR MESSAGE: 
(Number 27) Weil location III\./, IJW, is outside aquifer, i.e., 

II\./ is less than 1 or greater than NX or 
!Jt,.,1 is less than 1 or greater than NY 
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(Number 28) 

(Number 30) 

(Number 32) 

(Nurnber 33) 

(Nurnber 3 5 ) 

(Number 3 7 ) 

(Number 3 8 ) 

(Number 3 9) 

I 

I I W 

I JW 

I I C 1 

I I C 2 

IINDWl 

The wel 1 perforations are outside the aquifer, i.e. 
!!Cl or IIC2 is out of the range of 1-NZ or 
I!Cl is greater tha.n IIC2 or 
the top block of the completion interval (K-l!Cl) is 
a zero pore volume block. 

The entered value of [INOWI is not permissible. 
permissible values are +l, +2, and +3. 

Th e 

A well index of zero is permissible only if IINOWI 
is equal to one. This error occurs if IINOWI is not 
equal to one and wr is zero or negative. 

IINOW is +3 and BHP is 0. The specified value of 
the bottom-hole pressure is a limiting value of the 
wel 1 pressure if I INOW is .::_3. 

All completion layers of a well are in zero pore 
volume blocks. 

One or more of KHL values are negative. 

All KHL values are zero for some wells.- At least 
one KHL value must be non-zero. 

A wel 1 number I is negative or exceeds NWT. 

Well number. 

I-coordinate of grid cel l containing the wel 1. 

J-coordinate of grid cel l containing the well. 

Uppermost layer in which the well is completed. 

Lowermost layer in which the well is completed. 

Well specification option. 

1 - Layer allocation via mobilities alone. Rate 
control only. 

+2 - Layer allocation via mobility and pressure 
drop between wellbore and grid block. Rate 
control only. 

+3 - Layer allocation via mobility and pressure 
drop between wellbore and grid block. 
Variable rate-pressure control. 
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LIST 2: 

W I 

BHP 

TIN J 

CI N J 

LIST 3: 

2,3 - The rate is e.x.pressed e.x.plicitly. 

-2,-3 - The rate is e.x.pressed in the semi-implicit 
rnanner: 

n+ l 
Q 

n 
= q dq ( n+l n) 

+ dp p - p 

'n:, BHP, TINJ, CINJ 

\./el 1 inde.x., ft2/day (m2/sec). 

Bottom-hole pressure, psi (Pa). This must be 
specified only if IIN0\./1=+ 3. 

Temperature of the injection fluid, °F (°C). If 
surface conditions are being specified, it is the 
temperature at the surface. 

Brine concentration in the injection fluid, 
dimensionless. 

X, 0\./, ED, 00, TTOP'..,', TBOT\./, UCOEF, THETA 

NOTE: Ski;: this list if ISURF = O. 

X 

0\./ 

ED 

00 

TTOP\./ 

TBOTw 

UCUEF 

THETA 

Pipe (wel lbore) length to top of perforations, ft 
( m). 

Inside wellbore (pipe) diameter, ft (r.). 

Pipe roughnes-s (inside) ft (m). Enter- zero if it 1s 
a smooth pipe. 

Outside wellbore (casing) diameter, ft (m). 

Rock temperature surrounding the wellbore at the 
surface, ·F (·c). 

Rock temperature- surrounding the we1 lbore at the 
b o t t o m - h o l e , • F 7""° C ) . 

Overall heat transfer coefficient between the 
inner surface of the pipe and outer surface of 
the casing, Btu/ftZ-·F-day (W/m2-·c). 

An g l e o f t h e w e 1 l b o r e w i t h t h e ver t i ca l P, l--an e , 
degrees. 
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LIST 4: KHL(K), K=IICl, IIC2 

N U T E : S k i p t h i s R E A D i f t h e w e l l i s c o m p l e t e d i, n o n I y o n e I a y e r , 
1.e,, IICl=IIC2. 

KHL(K) Layer al location factors for wel 1 I. 

NOTE: These factors should be proportional to the total producti-
vity of individual layers, taking into account layer kh (perrneabi 1 -
ity x thickness). Only the relative values of these factors are 
important since these factors are renorma1 ized to a unit sum. In 
terms of the normalized al location-factor values, the absolute 
productivity ( injectivity) of layer K is cornputed as Wl x KHL(K). 

RE.AD R2-6 (7El0.0). \./ellbore Data. 

NOTE: Sk ip th is REAO if IP ROD is zero. 

LIST: ThP(I), I=l, N\./T 

THP Tubing hole or the surface pressure for each 
well, psi (Pa). 

NOH: If ISURF is one, THP must be specified for the we11s with 
well Option IIOWl = +3. A production (or injection) rate is 
calculated from THP,-and the lower of the calculated and specifiea 
rate is used for allocation between layers. 

READ R2-~ (15) Source Data 

NOTE: If Ir-SS = 0 or 2, skip READ R2-9 and R2-1O 

LIST: NSS 

NSS Number of source (sinks) blocks. 

REAü RZ-10 (LIST 1: 415; LIST 2: 7E10.0) Soure~ Data. 

NOTE: Skip this READ if IRSS I l, 

L 1 S T l : I , I 1 S , I J S , I K S 

ERROF<. MESSAGE: 
(Number 50) 

[ [ s 

I J S 

NSS is greater than NSMAX (entered in READ M-3) or 
I is greater than NSS or 
11S is greater than NX or 
IJS is less than 1 or greater than NY or 
IKS is less than 1 or greater than NZ. 

Source Number 

location of the source block. 

J location of the source block 
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I K S K location of the source block. 

LIST 2: Q\..'\.i(I), QHH(l), (QCC(I, J) J=l, NCP) 

QI.J\./ 

QHH 

QCC 

Fluid discharge rate lb/day (kg/sec). A negative 
rate impl ies a source and a positive a sink. 

Heat discharge rate, Btu/day (J/sec). 

Discharge rates of radioactive components, lb/day 
(kg/sec). 

NOTE: Enter one set of data for each source and fol low the last set 
with a blank card. 

REAO RZ-10.5 (2El0.0) Source Data. 

NOTE: Skip this READ if IRSS j 2. 

LIST: ALCH, 8LCH 

ALCH 

BLCH 

READ R2-1l ( 3 I 5 ) 

Leach time for radioactive waste within reposi­
tory boundaries, day (sec). 

Lag time for initiation of leaching of waste 
from repository. Time from start of simulation 
to the beginning of leaching, day (sec). 

Iteration Specifications. 

rWTE: These data are entered if INOT is not zero. If default values 
are desired, enter INOT as zero and skip this READ. 

LIST: Ml~ITN, MAXITN, IMPG 

ERROR MESSAGE: 
(Number 41) 

piumber 42) 

MINITN 

MA X IT/~ 

IMPG 

Minimum number of outer iterations 
(MINITN) is less than 1 or 
MIN!TN is greater than maximum number of outer 
iterations (MAXITN) 

Method of Solution is LZSOR (METH00=~2) and !MPG is 
less than or equal to zero. 

Minimum number of outer iterations in the subroutine 
ITER. The default value is one. 

Maximum number of outer iterations in the subroutine 
ITER. The default value is 5. 

Number of time steps after which the Optimum parame­
ters for the inner iterations are recalculated for 
the two-1 ine successive overrelaxation method. This 
data need be entered only if METHOD is equal to +2. 
The default value for !MPG is 5. -



kEAO R2-I 1 .5 ( 15) Solution Control. 

NU TE: Sklp this REAlJ if ICLL lS zero. 

LIST: NCALL 

NCALL 

REAü R2-l2 

Same definition as for READ M-2. 

(SElO.O) Time Stepping Information. 

LIST: TCl-1G, Ul, UCMX, OSMX, DPMX, OTPMX, DTMAX, OTMIN 

E.kROR MESSAGE: 
(Number 43) 

( r~ u m b e r 4 4 ) 

(Number 45) 

TCHG 

OT 

OCMX 

OSMX 

DTPMX 

DTMAX 

OTMIN 

The time at which next set of recurrent data are 
to be entered (TCHG) is less than or equal to 
current TIME. 

OT is zero for the first transient time step. 
Automatie time step control may not be initiited 
unti l at least the second time step. 

DTMAX is less than DTMIN. 

Time at which next set of recurrent data wi 11 be 
reaa, day (sec). The restart records can be 
written at TCHG only. Also, the mapping 
suDroutine can be activated at TCHG only. 

Time step specification, day (sec). If DT is 
positive it wi 11 be the time step used from the 
current time to TCHG. lf OT is zero, the program 
will select the time step automatically. OT must 
not be zero for the first time step of a run 
start1nf from zero time, unless the steady-state 
Option NCALL ~ 4 or 5) lS used. 

Maximum trace component concentration change de­
sired per time step. The default value is 0.95. 

Maximum brine concentration change desired per 
time step. The default value is 0.25. 

Maximum pressure change desired per time step, 
psi (Pa). The default value is 50 psi (350,000 
Pa). 

Maximum temperature change desired per time step, 
°F (•c). The default value is g•F (5.C). 

Maxirnum time step allowed, day (sec). The 
default value is 30 days (2.6 x 106 sec). 

Minimum time step required, day (sec). The 
default value is 1.0 day (8.64 x 104 sec). 
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NOTE: The last six parameters are used only if ttie autumdtic tirne-
step feature is selected, i.e., OT = 0. If this Feature is selected, 
t h e p r o g r a rn w i l l J u t o m a t i c a l l y i n c r e a s e o r d e c r ~ a s e t h e t ; ;~ e s t e p 
size every time step to seek a value such that the maxi~ ... :'.': changes 
in the concentration, pressure and ternperature are less than or 
equal to the specified values. 

f<tAOR2-13 ( l 3 I 5 ) Output Control. 

LIST: 101, 102, [03, I04, 105, 106, 108, RSTWR, MAP, ~j:· 

I IPRT, ISAVE, ISVBL 

ERR.üf< MESSAGE: 
(Numoer 46) 

I O l 

I02 

I 03 

[04 

I06 

The value entered for MAP is not permissible. 
four digits must be either O or 1. 

;.. l l 

Control parameter for frequency of the time step 
summary output. The time step sumr.;ary gi·:es cumu­
lative field injections and productions, material 
and heat balances, average aquifer pressure,.cur.i­
ulative heat lass to the overburden and the under­
Durden, cumulative water, brine and heat influxes 
across.the peripheral boundaries, and the maxirnum 
pressure, concentration and temperature changes in 
any block during the time step. 

Control parameter for frequency of the ~ell 
summary output. This Summary gives water, heat 
and brine fluid production and injection rates, 
cumulative production and injection, wellhead and 
Dottern-hole pressures, wellhead and bottam-hole 
temperatures and the grid block pressure in which 
the well is located. This summary also ;ives the 
total production and i~jection rates anc cumula­
tive production and injection. 

Control parameter for listings of the grid block 
values of brine concentration, temperature and pressure. 

Control parameter for injection/producticn rate in 
each layer for each well. 

Control parameter for listings of tne gr1d block 
values of radionucliGe concentrations. 

Control parameter for listing of aquifer influx 
rates (or aquifer influence functions). 

The following values apply to all five of the above par·ar.,eters: 

-1 Omit printing for all time steps from the 
current time through TCHG, inclusive. 
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I08 

MAP 

0 Print at the end of each time step through to 
the step ending at TCHG. 

n ( > 1 ) 

Print only at time TCHG. 

Print at the end of every n-th time step and 
at the time TCHG. 

Control parameter for listings of the grid block 
values of the dependent variables. The listings 
are printed according to the frequency specified 
(103). This parameter gives one the option for 
not printing the tables not desired. This parame­
ter requires a three digit specification and the 
first digit refers to pressure, the second to temp­
erature and the third to brine concentration: 

0 - The grid-block values will be printed. 

1 - The grid-block values (pressure at datum or 
temperature or brine concentration) wi 11 not 
be printed. 

2 - Refers to the first digit only. Neither the 
absolute pressure nor the pressure at datum 
will be printed. 

For example, if only grid-block values of tempera­
ture are desired, then enter I08 = 201. 

Restart record control parameter. 

0 - No restart record will be written. 

1 - Restart record will be written on Tape 8 
at time TCHG. 

Parameter for printing contour maps at time TCHG. 
Only two-dimensional maps are printed. The maps 
are printed for r-z coordinates in a radial system 
and for x-y coordinates (areal maps} and x-z 
coordinates (for NY = l only) in a cartesian 
system. This parameter requires a four digit 
specification, the first digit referr1ng to parent 
radionuclide concentrations, the second to 
pressures, the third to temperatures, and the 
fourth to brine concentrations: 

0 - The variable wil 1 not be mapped. 

1 - The variable will be mapped at TCHG. 

For example, if contour maps are desired for 
pressure and temperature only, enter MAP = 0110. 



MOAT 

I IP R T 

ISAV E 

ISVBL 

Control parameter for entering the mapping speci­
fications: 

O - The mapping specifications are not to be 
changed.' 

l - Read new mapping specifications. If acti­
vating the printing of contour maps for the 
first time during the current run, MOAT must 
be entered as one. 

Intermediate print control. Activated only for 
first time step in recurrent data set. 

O - None of the fol lowing output will be 
activated. 

l - Oarcy velocities will be printed and written on Tape 7. 

2 - Flow, thermal dispersion and mass dispetsion 
transmissibilities will be printed in addi-
tion to the velocities. 

3 - Fluid density, viscosity, enthalpy and net 
dispersivities will be printed in addition 
to the quantities listed above. 

Control parameters to save all grid block .values 
of: pressure at datum (PDAT), temperature (T), 
brine concentration (C), radionuclide concentra­
tion (CRN) 

Control parameter for saving radionuclide concen­
trations in a single block. 

ISAV E 

ISVBL 

no save 

any save up to time TCHG inclusive 

do not read new or altered data 

read new or altered data to save 
radionuclide concentrating in 
single blocks until TCHG inclusive. 

READ 02-13.5 (415) Control parameters for frequency of save 

NOTE: Skip this READ, if ISAVE = 0 

LIST: ISAVEP, ISAVET, ISAVEC, ISVtRN 
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ISAVEP, ISAVET, 0 - no save up to TCHG inclusive ISAVEC, I SV C RN 
n > 0 - save at every n-th time s -t,ep and 

at TCHG on tape 9 

< 0 - save only at TCHG on tape 9 

and fo r -2 - additional saving at TCHG on tape 11 
'd i th ISAVEP referring to PDAT 

ISAVET referring to T 
ISAVEC referring to C (brine) 
ISVCRN referring to CRN 

----------------------------------------------------------------
READ R2-13.6 (List 1: 15, List 2:315) 

NOTE: 
LIST 1: 

LI ST 2: 

NBLS 

Skip this READ, if ISVBL = 0 

NBLS 
ISVCBL (IBLS), JSVCBL (IBLS), KSVCBL (IBLS) 
IBLS = l, .. NBLS 

Number of grid blocks for which concentration 
are tobe saved. 

NBLS = 0 no save up to TCHG inclusive 
ISVCBL (IBLS), JSVCBL (IBLS), KSVCBL (IBLS): Location of 
block IBLS. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -.- - - - - - - - - - -
REAO R2-14 (IS, 2F10.0) Map Data. 

NOTE: Enter these data only if contour maps are desired (MAP is 
not equal to 0000), and if MDAT is equal to one. 

LIST: NORIEN, XLGTH, YLGTH 

NORIEN 

XLGTH 

Y LG TH 

Map orientation factor. 

O - The map is oriented with x (refers to r for 
radial geometry) increasing from left to 
right and y (z for radial geometry or for 
cartesian geometry with NY= 1) incTeasing 
up the computer page, i .e. the x = 0, y = 0 
point is the lower left-hand corner. 

1 - The map is oriented with x increasing from 
left to right and y (z for radial geometry or 
for cartesian geometry with NY = 1) 
increasing down the computer page. The 
origin is the _upper lefthand corner. 

The length, in inches, on the computer output 
which is desired in the x (or r) direction. 

The length, in inches, on the computer output 
which is desired in the y (or z for radial geo­
metry) direction. 

- - - - - - - ~ - - - - - - - - - - - - - -- - -- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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READ R2-15 (615, 2Fl0.0) Map Data. 

NOTE: Enter these data only if pressure contour maps are desired, 
and if MOAT equals one. These entries refer to pressure mapping 
only. 

LIST: IPl, IP2, JPl, JP2, KPl, KP2, AMAXP, AMINP 

ERROR MESSAGE: 
{Number 47) 

IPl, IP2 

JPl, JP2 

KPl, KP2 

IP2 is greater than NX or 
KP2 is greater than NZ or 
HTG i s not equal to 3 and JP2 i s greater than NY. 

Lower and upper limits, inclusive, on the 
I-coordinate of the region to be mapped. 

(Simi lar definition for J-coordinate). 

(Similar definition for K-coordinate). 

N O T E : F o r a c a:r t e s i an s y s t e m w i t h N Y > 1 ( K P 2 - K P 1 + 1 ) a r e a l m a p s 
will be processed. For a cartesian system with NY = 1 one map will 
be processed. 

AMAXP, AMINP The maximum and m1n1mum value of the pressure 
(psi or Pa) used to obtain 20 contour intervals. 
If the pressure in any grid block is higher than 
AMAXP, it will be indicated as AMAXP, and similarly 
a pressure lower than AMINP is printed as AMINP. 
If AMAXP is entered as zero or a negative value, 
the program wi 11 search for a max imum and use the 
value as AMAXP. lf AMINP is entered as a large 
negative number (<-99.0), the program wi 11 search 
for a minimum and-use that value as AMINP. 

READ RZ-16 (615, 2Fl0.0) Map Data. 

NOTE: This REAO refe~s to temperature contour maps. Enter these 
data only if temperature maps are desired, an if MOAT equals one. 

L I ST : I T l , I T 2, J T l , J T 2 , KT l , KT 2, AMA X T, AM I NT 

ERROR MESSAGE: 
(Number 48) IT2 is greater than NX or 

KT2 is greater than NZ or 
HTG i s not equal to 3 and JT2 i s greater than NY. 

NOTE: The user is referred to READ RZ-15 for definition of these 
parameters. This card refers to temperature mapping only as 
opposed to pressure mapping for R2-15. 

READ R2-17 (615, 2F10.0) Map Data. 

NOTE: This READ refers to brine concentration contour maps. 
Enter these data only if concentration maps are desired, and if MDAT 
equals one. 
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L I S T : I K 1 , I K 2 , J K l , J K 2 , K K l , K K 2 , AM A X K , AM I N K 

ERROR MESSAGE: 
(Number 49) IK2 is greater than NX or 

KK2 is greater than NZ or 
HTG is not equal to 3 and JK2 is greater than NY. 

NOTE: See READ R2-l5 for definition of these parameters. This 
card refers to concentration mapping only as opposed to pressure 
mapping for READ R2-15. 

READ R2-18 (615, 2Fl0.0) Map Data. 

NOTE: This READ refers to parent radionuclide concentration 
contour maps. Enter this data only if concentration maps are 
desired, and if MOAT equals one. 

LIST: ITl, IT2, JTl, JT2, KTl, KT2, AMAXT, AMINT 

NOTE: See READ R2-15 for definition of the parameters. Either 
radionucl ide concentration or temperature (but not both) may be 
mapped at the same TCHG. 

NOTE: The data entered up to this point are sufficient to execute 
the program until time equals TCHG. The recurrent data may be 
read again at that point to continue a run. To terminate the 
simulation phase of a run, enter ITHRU .= 1 (READ R2-l after R2-17). 
If any plots are desired (if NPLP or NPLT or NPLC equals one), 
enter the plotting data (READ P-2 through P-4) as wel 1. lf no 
plots are desired, ITHRU = l wi 11 terminate the execution. 

6.1.6. The "P" Cards (Plotting Data)+ 

The siecifications for the p1ots and observed data are entered 
h e r e . P 1 o t s m a y b e ob t a i n e d e v e n i f n o ___ ob s e r v e d d a t a a r e 
avai lable. Enter no plotting data if no plots are desired. Plots 
can be obtained for the values of the dependent variables of the 
well (at the wellhead and at the bottom-hole). The quantities 
plotted depend upon the type of the well. The quantities plotted 
for different wells are as follows: 

TYPE OF WELL 

Observation wel 1 

Quantities Plotted 

Bottom-hole pressure, temperature and 
concentration 

+ The term "plot," as used herein, refers to a two-dimensional 
plot of pressure, temperature, or brine concentrating at either 
the wellhead or bottom-hole versus time including both 
experimental and calculated data. In contrast, the term "map," as 
used in previous sections, refers to contour plots of pressure, 
temperature or concentration for two spatial dimensions including 
calculated data only. 



lnjection well-bottom­
hole conditions 
specified (ISURF=0) 

lnjection well-surface 
conditions specified 
(ISURF=l} 

Production well-bottorn­
hole conditions 
specified 

Production well-surface 
conditions specified 

Bottom-hole pressure 

Bottom-hole pressure and temperature, 
surface pressure 

Bottom-hole pressure. temperature and 
concentration 

Bottom-hole pressure, temperature and 
and concentration, surface pressure 
and temperature 

NOTE: The plotting data for one wel l consist of the data from 
READ P-2 through READ P-4. Enter as many sets of these data as 
the wells for which plots are desired. If plots are desired for 
a 1 l t h e w e l 1 s, e n t er N 'rlT s et s o f t h es e da t a. I f l es s t h an N wr• 
s e t s a r e e n t e r ed , f o 1 1 o w t h e 1 a s t s e t w i t h a b l a n k c a r d fo r e a c h 
well not plotted. 

READ P-1 (I5) Plotting Data. 

NOTE: Enter this data only if NPLP or NPLT or NPLC equals -1, 
i .e. the plots are desired for a previous run. 

LIST: NWT 

NWT Total number of wells. 

REA0 P-2 (IS. SX, 10A4) Plotting Data. 

LIST: KW, IO 

KW The weil number. 

ID A title for the plots for well number KW. 

READ P-3 (7F10.0) Plotting Data. 

NOTE:_ These variables define the ranges of the coordinate axes 
for plots. 

LIST: TMN, TMX, 0T, PWMN, PWMX, PSMN, PSMX, TWMN, TWMX, TSMN, 
TSMX, CMN, CMX 
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TMN 

TMX 

DT 

PWMN, P SMN, 
TWMN, TSMN 
CMN 

PWMX, PSMX, 
TWMX, TSMX 
CMX 

Lower 1 im i t an time, days (seconds). 

Upper 1 im it an time, days (seconds). 
l 

Time step for each ro w. days (seconds). For 
example, if TMN = 5, TMX = 1 5 an d DT = 0. 5, th e 
time coordinate axis w il 1 be 20 rows lang. 

Lower limits an bottom-hole pressure, psi (Pa); 
surface pressure, psi (Pa); bottom-hole tempera­
ture "F ("C); surface temperature "F ("C) and brine 
concentration, dimensionless, respectively. 

Upper limits an bottom-hole pressure, psi (Pa); 
surface pressure, psi (Pa); bottom-hole temperature 
·F (·c): surface temperature ·F ("C); and brine 
concentration, dimensionless, respectively. 

READ P-4 {6F10.0) Plotting Data. 

NOTE: Read as·.many ca.rds (up -to 300) as the observed data points 
(one card for each value of time at which the observed values are 
available). Follow the last card with a negative number in the first 
field specification (Fl0.0). 

LIST T0X, P0W, POS, T0W, TOS, C0S 

T0X Observation time, days (seconds). 

P0W Bottom-hole pressure, psi (Pa). 

POS 

T0W 

TOS 

cos= 

Surface pressure, psi (Pa). 

Bottom-hole temperature, "F ( ·c). 

Surface temperature. •F ("C). 

Brine concentration, dimensionless. 

NOTE: The calculated data are read from Tape 12. If 
preyjous run are desired, Tape 12 should be attached. 
NWT sets of the plotting data are entered, fol low the 
a blank card. This is the end of the data set. 

plots for a 
If..=:.less than 

last card with 

-------------------~------------------------------------------------
6.2 MAPS FR0M RESTART REC0RDS 

Restart records may be edited to obtain maps for the dependent 
variables. The following set of data cards are required to obtain 
maps for a previous run. 
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READ M-1 

READ M-2 

READ M-4 

REJI.D M-5 

READ M-6 ( I 5) 

LIST: IMPT 
IMPT 

Two t i t l e cards. 

Control parameters. R ST R T m u s t be g r e a t e r than ze ro. 

Length of the variable blank common. 

Enter any negative value fo r TMCHG. 

The time step number at which the maps are desired. 
A restart record must exist corresponding to this 
time step. 

------------------------------------------------------------------
READ M-7 (I5) 

LI ST: MAP 
MAP Requires a four-digit specification as in RE~D 

R2-13, except that it should be negative. 
------------------------------------------------------------------
READ R2-15 to R2-18 Map·specifications 

NOTE: Insert as many sets of mapping data (M-6, M-7, R2-15 to 
R2-18) as you desire. Follow the last set with a blank card. 

6.3 AUXILIARY DISC FILES 

The program uses disc files for data input and output, for saving 
Darcy-velocities, pressures, temperatures and concentrations 
(brine and/or radionuclides), for restart records and for plotting 
data. 
Two restart files are used for program continuation from a previous 
run. Restart records are always written on Unit 8 and read from 
Unit 4. 
On Unit 7 Darcy velocities are written for a given time step (at 
the last print directive for velocities). On Unit 9 PDAT,T,C,CRN 
are written for given time steps. Unit 7 and 9 are necessary for 
postprocessing operations. On Unit 10 are written radionuclide 
conentrations for calculated time steps at given grid blocks. Unit 
10 allows a postprocessing concerning time historic plots e.g. at 
places at the biosphere. 

Calculated fields for PDAT,T,C, CRN as initial values for a new 
run are written an Unit 11. Initialized values from a previous run 
are read in from Unit 13. 

Plotting data at the end of each time step are written on Unit 12. 
If plots are desired at the end of the run, Unit 12 is rewound, 
plotting data are read in and plots printed. Unit 12 may be saved 
for subsequent plotting. 
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On Control Data machines, no control cards are required to access 
or store these files unless a restart record or a plot file for 
subsequent plotting is desired. The FORTRAN unit numbers used 
internally and their functions are described in Table 6-1. 

Unit 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

No. 

Table 6-1. Auxilary Disc Files 

Function 

Fora continuation run, restart record 
is read from this unit. 

Card reader 

Lineprinter 

Darcy-velocity field is written on th\s 
unit. 

Restart records are written on this unit. 

Pressure, temperature and concentration 
(brine and RN) fields are written on this 
unit. 

Radionuclide concentrations at given 
elements are written on this unit. 

Pressure, temperature and concentration 
(brine an/or radionuclides) fields for 
initializing are written on this unit. 

Plotting data are written on this unit. 

Initialized fields for pressure, tempera­
ture and concentration are read from this 
unit. 
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NOTATION 

Roman 

a total leach time 

B v iscosity parameter 

b time of initiation of leach process 

C concentration of the radioactive/trace component 
.... 
C concentration of the inert contaminant 

Cp specific heat 

cR compressibility of rock (formation) 

er coefficient of thermal expansion 

cw compress.ibility of the fluid 

Cs coefficient for increase in fluid density 
with increasing brine content 

D dispersion tensor 

Dm molecular diffusion 

[c dispersivity tensor (hydrodynamic + molecular) 
g acceleration due to gravity 

9c units conversion factor equal to 32 ft/sec2 for the 
Engl ish System and equal to unity· for the SI System 

h depth 

H fluid enthalpy 

l unit tensor 

l permeability tensor 

kdi equilibrium adsorption distribution constant 

k.2. fractional allocation factor 

K equilibrium retardation factor 
-
Km molecular heat conductivity of fluid and rock 

K0 hydraulic conductivity 

Ks hydraulic conductivity of the skin region 
surrounding a wel l 

m mass density of nuclide waste, i.e., mass of nuclide per 
volume of waste 

M mobility 

N number of parent radionuclides 
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p pressure 

Po reference pressure 
q rate of fluid withdrawal 

Qc rate of brine withdrawal 

Qci rate of radionuclide withdrawal 

qH rate of energy withdrawal 

r radius 

rw radius of wel l bore 

r1 radius of well skin 
-r equivalent grid-block radius 
-r grid-block edge (radial coordinates) 

R sour~e term for release of a nuclide from the waste matrix, 

i .e., mass of radionuclides per bulk volume per time 

Rs brine source rate due to salt dissolution 

R5 fluid source rate due to salt dissolution 

S mass of undissolved radionuclides per bulk volume 

t time 

T temperature 

U specific internal energy 

u Darcy velocity vector 

u magnitude of u 

v interstitial velocity 

w weighting factor for numerical time integration 

WI well index 

z depth below a reference plane 
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Greek Letters 

al longitudinal dispersivity 

ar transverse dispersivity 

ß coefficient of surface heat transfer 

oij Kronecker delta 
6H change in total head 

6x spatial increment in x 

6y spatial increment in y 

6z spatial increment in z 

6t increment in time 

~ emissivity of a radiative surface 

A decay coefficient 

4> porosity. 

~o porosity at the reference pressure 

p fluid density 

fluid density for the initial condition 

fluid density at the reference temperat .... , ... 
and at unit brine concentration 

PN fluid density at the reference temperature and pressure 
and at zero brine concentration 

PR formation density 

Pw volumetric waste density, i .e .• _vgl_u_m_~ of waste per bulk 
v o 1 um e 

a Stefan-Boltzmann constant 

µ viscosity 

µR viscosity parameter 

T radioactive half-life 
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Subscripts 

component index 

H heat (energy) 

R rock (formation) 

w water (fluid) 

s salt (brine) 
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APPENDIX A 
ERROR DEFINITIONS 

The program checks the input data for a number of possible errors 
to protect the user from running an entire problem with an error. 
A detected error will prevent execution, but the program wi11 
continue to read and check remaining data complete1y through the 
1ast recurrent data set. 

If the number of elements in a fiKed-dimension array exceeds the 
dimensions. the array must be redimensioned. This requires 
recompi1ing the program. 

The errors detected in the data i~put are printed in a box and if 
an error has occurred, its number wil1 appear in the box. 
Positions with zeros do not have errors. Error numbers l through 
61 represent the fol lowing errors: 

( l ) - Th i .s er r o r r e f er s t o RE AD M- 3. 
NX ·,s less than or· equal to one or 
NY is less than one or 
NZ is less than one. 
The minimum dimensions on the grid block systemare 
2xlxl. The maximum size is limited only by the 
available computer storage. 

(3) This error refers to READ Rl-1. 
One or more of CW, CR, CPW and CPR is negative. 
Physically, compressibili.tJes and heat capacities are 
always equal to or greater than zero. 

(4) This error refers to READ Rl-2. 
One or more of UKTX, UKTY, UKTZ, ALPHL, ALPHT and 
DMEF-F is negative. 

(5) This error refers to READ Rl-3. 
Either one or both the fluid densities (BWRN and BWRI 
is zero or negative. 

(6) This error refers to READ Rl-7 through Rl-10. 
One or more of the viscosity values is entered as 
zero or negative, or an SC is negative, or TR is equal 
to TRR, or TI is equal to TIR. 

Error numbers 7 through 9 refer to READ M-3. 

(7) HTG is not within the permissible range. 
f-lJG _ is less than 1 or greater than 3. 

{8) The entered value for KOUT is not permissible. KOUT 
is not equal to 0, l or 3. 
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(9) PRT is outside the permissible range of -1 to +2. 

( 10) This error refers to REAO Rl-12 and il-13. Either NZOß. 
is greater than 2 and KOB is negative or NZUB is 
greater than 2 and KUB is negative. 

( 11) This error refers to READ Rl-17 through Rl-19. One or 
more of grid block sizes (DELX, DELY, DELX) are zero 
or negative. 

( 12) This error refers to aquifer properties for a homogen­
eous aquifer (READ Rl-20). One or more of KX, KY and 
KZ is negative or PHI is less than zero or greater 
than one or SINX or SINY is less than -1 or greater 
than +l. 

( 13) This error refers to heterogeneous aquifer data, REAO 
Rl-21. 
I is greater than NX or 
J i~ less than 1 or greater than NY or 
K is less than 1 or greater than NZ or 
KX or KY or KZ is negative or 
PHI is less than zero or greater than one or 
UCPR i s l ess than zero. 

( 14) This error refers to READ Rl-22. 
The first grid block center (Rl) is less than or equal 
to the well radius (RWW), or Rl is greater than or 
equal to the aquifer boundary radius (RE). 

(15) This error refers to READ Rl-23. 
The layer thickness (DELZ) is less than or equal to 
z e,.r o .o r 
KYY or KZZ is negative or 
porosity (POROS) is less than zero or greater than one. 

( 16) This error refers to REAO Rl-25. One or more of the 
RR's is greater than RE. 

i 1 7 ) Th i s ·er r o r r e f er s t o a q u i f er de s c r i p t i o n m o d i f i c a -
tions, REAO Rl-26. 
One or more of I l, I2, Jl, J2, Kl, K2 are out of per­
missible ranges 1-NX, 1-NY, and 1-NZ respectively, or 
Il is greater than I2 or 
Jl is greater than J2 or 
Kl is greater than K2. 

( 18) This error refers to REAO Rl-27 and Rl-28. 
IAQ is greater than 4 or 
one or more of Il, K2, Jl, J2, Kl, K2 are out of per­
missible ranges 1-NX, 1-NY, and 1-NZ respectively or 
Il is greater than 12 or 
Jl is greater than J2 or 
Kl is greater than K2. 
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(19) The number of aquifer influence blocks {NABL) are 
greater than NABLMX specified in REAO M-3. 

(21) This error refers to READ 1-2. 
One or more of 11, 12, Jl, J2, Kl, K2 are out of 
permissible ranges 1-NX, 1-NY, and 1-NZ respectively, 
or 
11 is greater than 12 or 
Jl is greater than J2 or 
Kl is greater than K2 or 
CINIT is negative. 

(22) This error refers to READ I-4. 
The description is the same as error 21 for 
radioactive/trace components. 

(23) Some grid block which has a nonzero pore volume also 
has a zero sum of transmissibilities over its 
surface. 

(24) Same., grid block por-e volume is negative. 

(25) This error refers to REA0 R2-4. 
Total number of wells (NWT) is less than 1 or exceeds 
dimension limit NWMAX. 

(26) This error refers to REA0 R2-6. 
Well number I is less than l or greater than NWT. 

Error numbers 27 through 39 refer to REA0 R2-7. 

(27) Well locatin IIW, IJW is outside aquifer, i.e. 
IIW is less than l or greater than NX or 
IJW is less than 1 or greater than NY. 

(28) The well perforations are outside the aquifer, i.e. 
IICl or IIC2 is out of the range of 1-NZ or 
I ICl is greater than I IC2 or 
the top block of the comletion interval (K=IICl) is a 
zero pore volume block. 

(30) The entered value of IIN0Wl is not permissible. The 
permissible values are +l, +2 and +3. - -

(32) A well index of zero is permissible only if IIN0Wl is 
equal to one. This error occurs if IIN0Wl is not 
equal to one and WI is zero or negative. 

(33) lIN0Wl is +3 and BHP is 0. The specified value of the 
bottom-hole pressure is a limiting value of the well 
pressure if I IN0Wl is +3. 
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{35) Al 1 completion layers of a wel l are in zero pore 
volume blocks. 

1 

(37) 0ne or more of KHL values are negative. 

(38) All KHL values are zero for some well. At least one 
KHL value must be non-zero. 

(39) A well number I is negative or exceeds NWT. 

(40) This error refers to READ R2-2. 
METH0D is less than -2 or greater than +2 or WTFAC is 
greater than 1.0. 

Error numbers 41 and 42 refer to READ R2-1 l. 

(41) Minimum number of outer iterations 
(MINITN) is less than l or 
MINITN is greater than maximum number of outer 
iterations (MAXITN). 

(42) Method of solution is L2SOR (METH00=+2) and IMPG is 
less than or equal to zero. -

Error numbers 43 through 46 refer to READ R2-12 and R2-13. 

(43) The time at which next set of recurrent data is to be 
e n t er e d ( TC HG ) i s :- l e s s t h an o r e q u a l t o c u r r.e n t T I ME . 

(44) 0T is zero for the first transient time step. Auto­
matie time step control may not be initiated until at 
least the second time step. 

(45) 0TMAX is less than DTMIN. 

(46) The value entered for MAP is not permissible. All 
four digits must be either 0 or 1. 

Error numbers 47, 48 and 49 refer to READ R2-15, R2-l6 and 
R2-17, respectively. 

( 4 7 ) IP2 is greater th an NX or 
KP2 i s greater: th an NZ or 
HTG i s not equal to 3 and JP2 i s greater th an NY. 

( 48) IT2 is greater th an NX or 
KT2 i s greater th an NZ or 
HTG i s not equal to 3 and JT2 i s greater th an NY. 
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(49) IK2 is greater than NX or 
KK2 is greater than NZ or 
HTG is not equal to 3 and JKZ is greater than NY. 

{SO) This error refers to REAO R2-10. 
NSS is greater than NSMAX (entered in REAO H-3) or 
I is greater than NSS or 
IIS is greater than NX or 
IJS is 1ess than l or greater than NY or 
IKS is less than 1 or greater than NZ. 

Error numbers 51 through 54 refer to REAO group RO. 

( 5 1 ) 

( 52) 

This error refers to REAO R0-1, LIST 1. 
I is equal to zero or greater than NCP (entered in 
REAO M-3) or 
NP(I) is negative. 

This error also refers to READ R0-1, LIST 1. 
OEC is neg~tive for at least one of t~e components~ 

(53) This error refers to REAO R0-1, LIST 2. 
For one or more of the components, 
KP is 1ess than l or greater than NCP (entered in REAO 
M-3) or AP is negative. 

(54) This error refers to REAO R0-2. 
At least one of DIS is negative. 

Error numbers 55 through 61 refer to REAO Group RlA. 

(55) This error refers to rock type specification REAO 
RlA-1. 
One or more of IlA, 118, J1A, JlB, K1A, Klß are out of 
permissible ranges 1-NX, 1-~Y. and 1-NZ respectively,­
or 
11A is greater than IlB or 
JlA is greater than Jlß or 
KlA is greater than Klß. 

(56) This error refers to salt disso1ution rate-fraction 
product, RlA-2. 
One or more values of ACS is negative. 

(57) This error refers to the repository specifications, 
RlA-4. 
One or more of SORIFT, SCNSTR, OCNSTR, or HCNSTR are 
negative. 
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(58) This error refers to the repository as specified in 
RlA-6. One or more of IlA, Ilß, JlA, Jlß, KlA, Klß 
are out of permissible ranges 1-NX, >1-NY, and 1-NZ 
respectively, or 
IlA is greater than Ilß or 
JlA is greater than Jlß or 
KlA is greater than Klß or 
The number of repository blocks (NREPB) is exceeded. 

(59) This error refers to the interpolation times, RlA-7. 
One or more of the interpolation times, CTIME, is zero 
or negative. 

(60) This error refers to the repository specifications, 
RlA-4. 
For high-level storage, $DRIFT or SCNSTR exceed the 
greater of DELX or DELY, or HCNSTR exceeds THH. 

(61) This refers to the radionuclide solubilities, RlA-9. 
One or more of the_ solubi lities is negative. 
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ACS(NRT) 

ALCH 

APPENDIX B 
OEF[N[TION OF PROGRAH VARIABLES 

Product of the rate of salt dissolution and the mass frac­
tions of solubles to total dry mass, day-1 (sec-1) 

Leach time for radioactive waste within repository bounda­
ries, day (sec) 

ALPHAL(NRT) Fora rock type, the longitudinal dispersivity factor, 
ft (m) 

ALPHAT(NRT) Fora rock type, the transverse dispersivity factor, ft (m) 

ALPHL Longitudinal dispersivity factor, ft (m) 

ALPHT Transverse dispersivity factor, ft (m) 

AHAXK The maximum v~lue of the concentration tobe plotte~. 
dimen"S.ionless 

AMAXP The maximum value of the pressure t_o be plotted, psi (Pa) 

AMAXT The maximum value of the temperature in "F ("C) tobe 
piotted or the maximum parent radionuclide concentration 
(dimensionless) 

AMINK The minimum value of the concentration tobe plotted, 
dimensionless 

AMINP The minimum value of the pressure to be plotted, psi (Pa) 

AMINT The minimum value of the temperature in "F ("C) tobe 
plotted or the maximum parent radionuclide concentration to 
be plotted, dimensionless 

AP(NP) Fraction of parent component KP that decays to the 
component I 

BHP Bottom-hole pressure for a well, psi (Pa) 

BLCH Lag time for initiation of leaching of waste from 
repository, day (sec) 

BROCK Actual rock density (solid particle), lb/ft3 (kg/m3) 
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BWRI 

BWRN 

CINIT 

CINJ 

CMN 

CMX 

CtiAME(2) 

CNDUM 
{NTIME} 

CONV 

CONVC 

CONVL 

CONVT 

cos 

CPOB 

CPR 

CPRl{NZ) 

The density of the contaminated fluid {concentration = 1) 
at PBWR and TBWR, lb/ft3 (kg/m3) 

The density of the natural aquifer fluid (concentration = 
O) at PBWR and TBWR, lb/ft3 (kg/m3) 

Initial concentration (brine or radionuclide} of each of 
the blocks within a defined region, dimensionless 

Contaminant concentration in the injection fluid, 
dimensionless 

Lower limit on the range of the coordinate axis for 
plotting the well brine concentration, dimensionless 

Upper limit on the range of the coordinate axis for 
plotting the well brine concentration, dimensionless 

Identification of radioactive component 

Pertains to the interpolation of concentrations. If 
i n t e r p o 1 a t i o n i s t o b e u s e d-, t h e n C N D UM r e p r:- e s e n t s t h e c o n -
centrations at the interpolation times expressed as mass 
per unit volume of wastes. If interpolation is not used, 
then CNOUM(l) is the initial concentration, dimensionless. 

Conversion factor for the thermal conductivities to obtain 
units of Btu/ft-day-·F {J/m-sec-·c) 

This parameter multipl ies the waste concentrations to 
convert them to lb/ft3 (kg/m3) 

For canistered wastes CONVL multiples SDRIFT, SCNSTR, 
DCNSTR, AND HCNSTR to convert them to ft (m). For 
uncanistered wastes CONVL multiplies only OCNSTR to 
convert it to ft3 (m3) of wastes per bulk ft3 (m3) 

This parameter multiplies the specified interpolation times 
(RlA-7) to convert them to day (sec) 

Observed concentration in a well tobe plotted, 
dimensionless 

Overburden heat capacity per unit volume, Btu/ft3-·f 
(J/m3-·c) 

Heat capacity of the rock per unit volume of solid, 
Btu/ft3-·F (J/m3-·c) 

The rock heat capacity of a layer, Btu/ft3-·f (J/m3-·c) 
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CPUB 

CPW 

CR 

CS(NCP) 

Underburden heat capacity per unit volume, Btu/ft3-•F 
(J/m3--c) 

The heat capacity of the aquifer fluid, Btu/lb-·F (J/kg-·c) 

Compressibility of pore structure, (psf)-1, 
((Pa)-1) 

Solubility limits expressed as mass fractions, 
dimensionless 

CTIME(NTIME) Interpolation times, day (sec) 

CHI 

cw 

Cl 

OAMP X 

OCMX 

OCNSTR 

DEC{NCP) 

DELPW 

DELX(NX) 

DELY(NY) 

OELZ(NZ) 

OEPTH 

01(2,NCP) 

OIS(NCP) 

Coefficient of thermal expansion of the aquifer fluid, 
(•F)-1 ((.C)-1) 

Compressibility of the aquifer fluid, (psi)-1 
((Pa)-1) 

Constant value of brine concentration at the block b.,oundary 
speci~ied according t~ VAB, dimensionless 

Oamping factor in estimating the next value of the pressure 
in well calculations (surface pressure for an injection 
well and bottom-hole pressure for a production well), 
dimensionless 

Maximum trace component concentration change desired per 
time step, dimensionless 

For canistered wastes, OCNSTR is the diameter of each 
canister in ft (m). For-uncanistered wastes, OCNSTR is the 
volume~ric waste densiJy (volurne of waste/bulk volume) 

Component half life in years 

Incremental value of pressure over which wellbore 
calculations are tobe performed, psi (Pa) 

Length of each row of blocks in the X direction, ft (m) 

Length of each row of blocks in the Y direction, ft (m) 

Thickness of each vertical 1ayer, ft (rn) 

Oepth to top of grid-block (1,1,1), ft (m) 

Identification for radioactive component I, alphanumeric 

Adsorption distribution coefficient, ft3/lb (m3/kg) 
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OMEFF 

OPHX 

OSMX 

OT 

OTHAX 

OTMIN 

OTPMX 

DW 

DZOB 

DZUB 

EO 

EPS 

FAB 

FPV 

FTX 

Molecular diffusivity in the porous medium, includes 
porosity and tortuosity effects (porosity x fluid molecular 
diffusivity x tortuosity), ft2/day (m2(sec) 

Maximum (over grid) pressure change desired per time step, 
psi (Pa) 

Maximum (over grid) concentration change desired per time 
step, dimensionless 

Time step specification for the run and the smallest time 
interval used in creating the coordinate axis for plotting, 
day (sec) 

For automatic time stepping, the maximum allowed size of 
the time step, day (sec) 

The minimum required size of the time step for automatic 
time stepping, day (sec) 

Maxim~m (over grid) ~emperature change desired per time 
step, ·F (·c) 

Inside wellbore (pipe) diameter, ft (m) 

Thickness of each overburden block, ft (m) 

Thickness of each underburden block, ft (m) 

Pipe roughness (inside), ft (m) 

The tolerance on calculating temperature from given values 
of enthalpy and pressure, ·F (·c) 

Factor by which the aquifer influence coefficient (VAB) 
will be modified, dimensionless 

lf positive or zero, this is the factor by which the pore 
volumes within a defined region are tobe multiplied. If 
negative, the absolute value will be used for pore volurne 
within a defined region, replacing the values read earlier 
or determined from the porosity data, dimensionless. 

If positive or zero, this is the factor by which the x­
direction transmissibilities within the defined region are 
to be multiplied. If negative, the absolute value of FTX 
will be used for the x-direction transmissibilities within 
the region tobe modified, replacing the values read earl i­
er or determined from the permeability data, dimensionless. 
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FTY 

FTZ 

HAOO 

HCNSTR 

HOATUM 

HIN IT 

HTG 

IAQ 

ICLL 

I COMP 

ID 

I I C 1 

I I C2 

IINOWl 

IIPRT 

I I S 

I I W 

I J S 

"Same wording as FTX but substitute y for x" 

"Same wording as FTX but substitute z for x" 

This is an increment that will add to the depths within a 
specified region~ ft (m) 

Canister height, ft {m) 

A datum depth measured relative to the reference plane, 
ft (m) for printing the dynamic pressures 

An arbitrary depth for setting up initial conditions, ft 
( m) 

Control parameter for input of re~ervoir description data 

Used to indicate either radioactive component number, well 
numbe~ or radioactive component source number 

Control parameter for selecting the type of aquifer block 
representation 

Control parameter for changing the equat ion solution 
control 

Control parameter for initializing brine concentrations 

A title for the plots for a specified well, alphanumeric 

Uppermost layer in which a well is completed 

Lowermost layer in which a well is completed 

Well specifications option 

In the Rl data, this parameter should be ignored. In the 
R2 data, this variable is the intermediate parameters 
printing index 

The x-direction (or I) location of a source block for 
fluid, heat or radionuclides 

The x-direction (or I) coordinate of a grid cell containing 
a we 11 

The y-direction {or J) location of a source block for 
fluid, heat or radionuclides 
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106 

I 08 

IPR0O 

I P 1 

IP2 

IRO 

IRSS 

IRT 

I S UR F· 

ITHRU 

I Tl 

I TZ 

IUNIT 

HIEL L 

I 1 

I lA 

I 1 B 

I 2 

Control parameter for listing of aquifer-influence 
functions 

Control parameter for listings of the grid-block values of 
the dependent variables (pressure, temperature and 
concentration) 

Control parameter for reading well-bore data (i.e., 0 = do 
not read the data and 1 = read the data) 

The lower limit on the x-direction (or I) coordinate of a 
region for pressure mapping 

The upper limit on the x-direction (or I) coordinate of ·a 
region for pressure mapping 

A control parameter for initializing radioactive trace 
components concentration, i.e. 0 = initial concentrations 
are zero and 1 = non-zero concentrations will be entered in 
REAO 1-4 

Control parameter for reading radioactive components source 
data (i .e., 0 = do not read the data, 1 = read the data and 
2 = leach rnodel will be activated) 

Rock-type indicator 

Control parameter for wellbore calculations 

Run termination control (i.e. 0 = continue and 1 = 
terminate) 

The lower limit on the x-direction (or I) coordinate of a 
region for temperature mapping 

The upper limit on the x-direction (or I) coordinate of a 
region for temperature mapping 

Units control parameter specifying either English 
Engineering System (IUNIT = O) or SI system (IUNIT = 1) 

Control parameter for reading well definition data (i .e. 0 
= do not read wel l data and 1 = read we 11 data) 

This variable is used several times to specify the lower 
limit on the x-direction coordinate for defining a region. 

Same as 11 

Same as I2 

This variable is used several times to specify the upper 
limit on the x-direction coordinate for defining a region. 
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IJ\.I 

IKS 

IKl 

IK2 

I LAST 

!LEVEL 

IMETH 

I MP G 

I NAT 

I N OQ 

I NOT 

I OPT 

I O 1 

I 02 

103 

I 04 

I 05 

The y-direction (or J) coordinate of a grid ce11 containing 
a we 11 

The z-direction (or K) location of a seurce block for 
fluid, heat or radionuclides 

For concentration mapping, this is the 1ower z-direction 
1 imit of mapping 

For concentration mapping, this is the upper z-direction 
1 imit of mapping 

Length of the variable blank common, words 

An indicator for specifying either canistered waste storage 
(!LEVEL = 1) or uncanistered waste storage (!LEVEL= O). 

A control parameter for reading method of solution (i.e., 
0 = do not read method of solution and 1 = read method of 
solution) 

Number of time steps after which the optimum parameters for 
the inner iter~tions are recalculated for the two-1ine 
successive overrelaxation method 

Control parameter for entering initial fluid velocity 
(i.e., O = the aquifer fluid is initially static and 1 = 
the resident fluid velocity will be entered in READ I-3) 

Control parameter for reading well rates (i.e., 0 = da not 
read well rates, 1 = read we11 rates on one card and 2 = 
read one card for each well rate) 

Control parameter for reading reservoir solution iteration 
data {i .e., 0 = do not read iteration data and l = read 
iteration data) 

Contro1 parameter for reading wel1-bore iteration data 
{i:e., 0 = da not read the data and l = read the data) 

Contro1 parameter for frequency of the time-step summary 
output 

Contro1 parameter for frequency of the we11-summary output 

Control parameter for 1istings of the grid-b1ock values of 
concentration, temperature and pressure 

Control parameter for injection/production rate in each 
layer for each we11 

Control parameter for 1istings of the grid-block values of 
trace-component concentrations 
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JKl 

JK2 

JPl 

JP2 

JTl 

JT2 

Jl 

JlA 

JlB 

J 2 . 

KAQ 

KH 

KHL 

KKl 

KK2 

KOB 

The lower limit, inclusive, on the y-direction (or J) 
coordinate of a region tobe mapped for concentrations 

The upper limit, inclusive, on the y-dlrection (or J) 
coordinate of a region tobe rnapped for concentrations 

The lower limit, inclusive, on the y-direction (or J) 
coordinate of a region tobe rnapped for pressures 

The upper limit, inclusive, in the y-direction (or J) 
coordinate of a region tobe rnapped for pressures 

The lower limit, inclusive, on the y-direction (or J) 
coordinate of a region tobe rnapped for temperatures 

The upper limit, inclusive, on the y-direction (or J) 
coordinate of a region tobe rnapped for temperatures 

This variable is used several times to specify the lower 
limit on the y-direction (or J) coordinate for defi~ing a 
regio~. 

Same as Jl 

Same as J2 

This variable is used several times to specify the upper 
limit on the y-direction coordinate for defining a region. 

Control variables for setting boundary conditions on the 
heat flow equation (i .e. - 1 = radiation condition only, 0 
= temperature condition only, 1 = temperature and radiation 
conditions) 

The conductivity-thickness for the aquifer, ft2/day 
(m2/sec) 

Layer allocation factors for a well, dimensionless 

The lower limit, inclusive, on the z-direction (or K) 
coordinate of a region tobe mapped for concentrations 

The upper limit, inclusive, on the z-direction {or K) 
coordinate of region tobe mapped for concentrations 

Vertical thermal conductivities of the overburden 
Btu/ft-day-•F (J/m-sec-·c). 
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KOUT 

KP(NP) 

KPl 

KP2 

KTl 

K T2 

KUB 

KW 

KX 

KY 

KYY(NZ) 

KZ 

KZZ(NZ) 

Kl 

KlA 

KlB 

K2 

LADJ(NCP) 

Output control parameter (i.e., 0 = all program output 
activated, 1 = all program activated except inital arrays 
and 3 = no program output is activated) 

Parent component number 

The lower limit, inclusive, on the z-direction (or K) 
coordinate of a region tobe mapped for pressures 

The upper limit, inclusive, on the z-direction (or K) 
coordinate of a region tobe mapped for pressures 

The lower limit, inclusive, on the z-direction (or K) 
coordinate of a region tobe mapped for temperatures 

The upper limit, inclusive, on the z-direction (or K) 
coordinate of a region tobe mapped for temperatures 

Vertical thermal conductivities of the underburden, 
Btu/ft-day-·F (J/m-sec-·c) 

The well number used for identifying a well to be plotted 

Hydraulic conductivity for flow in the x-direction, ft/day 
(m/sec) 

Hydraulic conductivity for flow in the y-direction, ft/day 
(m/sec) 

Horizontal hydraulic conductivity, ft/day (m/sec) 

Hydraulic conductivity for flow in the z-direction, ft/day 
( m/s ec) 

Vertical hydraulic conductivity, ft/day (m/sec) 

This variable is used several times to specify the lower 
limit on the z-direction (or K) coordinate for defining a 
region. 

Same as Kl 

Same as K2 

This variable is used several times to specify the upper 
limit on the z-direction (or K) coordinate for defining a 
region. 

Lambda (rate constant) adjustment index (i.e., O = do not 
modify the rate constant and 1 = modify the rate constant) 
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MAP 

MASS(NCP) 

MAXITN 

MOAT 

METHOO 

MINITN 

NAAR 

NABLMX 

NCALC 

NCALL 

NCOMP 

NCP 

NCV 

NOT 

NITQ 

NORIEN 

NOUT 

NP(NCP) 

NPLC 

NPLP 

NPLT 

Control parameter for printing contour maps at time TCHG 

Hass number of a radioactive component 

Maximum number of outer iterations in subroutine ITER 

Control parameter for entering the mapping specifications 
(0 = no mapping specifications to be read and 1 = read 
mapping specifications) 

The method-of-solution indicator 

Minimum number of outer iterations in the subroutine ITER 

Storage allocation for working array A in the direct­
solution routine, words 

Maximum number of aquifer-influence-function blocks 

Control parameter for selecting how the Carter-Tracy 
aquifer coefficients are tobe assigned 

Control parameter for solving the basic partial 
differe~tial equations 

Nurnber of components for which descriptive information is 
tobe read in the RlA cards 

Number of radioactive/trace components in the system 

The number of entries in the concentration-viscosity table 

The number of entries in the depth-versus-temperature tab1e 

The maximum number of outer iterations in the wellbore 
calculations 

The control parameter for map orientation 

Output control parameter for wellbore calculations 

Number of parent components for a radioisotope 

Control parameter for plotting concentrations in the wells 

Control parameter for plotting pressures in the wells 

Control parameter for plotting temperatures in the wells 
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NPT 

NREPB 

NRT 

N SMAX 

NSS 

NTIME 

NTVI 

NTVR 

NWT 

NX 

NY 

NZ 

NZ0B 

NZUB 

00 

PBASE 

PB\.IR 

PHI 

PHIH 

PIN IT 

Number of points in the influence-function-versus­
dimensionless-time table 

Number of repository blocks 

Number of rock types. Distribution coefficients, thermal 
conductivities, dispersivities and salt-dissolution 
coefficients are input as functions of reck type. 

Haximum number of radioactive/trace components that will be 
used during the run 

Number of radioactive component sources/sinks 

Number of times for which concentrations of unleached radi­
oactive components within the repository are tobe input 

Number of entries in the temperature-viscosity table for 
the contaminated fluid 

Numbe~ of entries in the temperature-viscosity table for 
the resident aquifer fluid 

Total number of wells 

The number of grid blocks in the x-direction 

The number of grid blocks in the y-direction 

The number of grid blocks in the z-direction 

Number of overburden blocks 

Number of underburden blocks 

Outside wellbore (casing) diameter, ft (m) 

Atmospheric or reference pressure at the well heads, psi 
(Pa) 

Reference pressure at which the fluid densities are to be 
entered, ps i (Pa) 

Porosity, dimensionless 

Porosity-thickness for an aquifer, ft (m) 

Initial pressure at the depth HINIT, psi (Pa) 
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POROS ( N Z) 

POS 

PO'..' 

PRT 

PRTAB 

PRTIF 

PSMN 

PSMX 

PT0(NPT) 

P\.IMN 

P \./MX 

p 1 

Q( NWT) 

Porosity, dimensionless 

Surface pressure for plotting observed data points, psi 
( p a) 

Bottom-hale pressure for platting abserved data points, psi 
(Pa) 

Output-array-orientation control 

Print control key for the aquifer-influence coefficient (0 
= na printing, l = print) 

Print cantrol key for the influence-functian table (O = 
suppress printing, l = print) 

The lawer limit an the range of the coordinate axis for 
plotting the well surface pressure, psi (Pa) 

The upper limit an the range of the coordinate axis for 
p 1 o t t i p g t h e w e 1 1 s u r _f a c e p r e s s u r e , p s i ( P a ) 

Terminal-rate-case influence functian, dimensionless 

The lower limit on the range of the coordinate axis for 
plotting the well bottom-hale pressure, psi (Pa} 

The upper limit on the range of the coordinate axis for 
plotting the well bottom-hole pressure, psi (Pa) 

The canstant value of pressure, at the block baundary 
specified accarding to VAB, psi {Pa} 

Well production rate, ft3/day (m3/day) 

QCC(NSS,NCP) The radioactive-component discharge rate, lb/day (kg/sec) 

QHH(NSS) 

QWELL 

Q\.1\./(NSS) 

RAQ 

RE 

RR( NX) 

The heat discharge rate, Btu/day (J/sec) 

The well production rate, ft3/day (m3/sec) 

The fluid discharge rate, lb/day (kg/sec) 

Equivalent aquifer radius, ft (m) 

External radius of the aquifer far radial coordinates, ft 
( m) 

Radius of grid-block center, ft (m) 
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RER(S) 

RSTRT 

RSTWR 

RWW 

Rl 

SC(NCV) 

SCNSTR 

SDRIFT 

SINX 

SINY 

TBWR 

TB0TW 

TCHG 

TD(NDT) 

TD(NPT) 

T0IS 

THA0O 

THETA 

THETAQ 

THP(NWT} 

Radii of the boundaries between different regions, ft (m) 

Code restart-control parameter 

Restart record control parameter (0 = no restart record, 1 
= write restart record) 

Well radius, ft (m) 

For radial coordinates, the first grid block center, ft (m) 

Concentration tobe used in defining the concentration­
versus-viscosity functions, dimension1ess 

Center-to-center waste-canister separation within each row, 
ft (m) 

Separation of rows of waste canisters, ft (m) 

Sine of the reservoir dip angle along the x-axis, 
dimeniionless · 

Sine of the reservoir dip angle along the y-axis, 
dimensionless 

Reference temperature at which the densities BWRN and BWRI 
are tobe entered, ·F (·c) 

The rock temperature surrounding the wel1bore at the bottom 
hole, ·F (·c) 

Time at which the next set of recurrent data will be read, 
day (sec) 

The temperatures in the depth-versus-temperature table, "f 
( • C ) 

0imensionless time 

Thermal diffusivity of the rock surrounding the wellbore, 
ft2/hr (m2/sec) 

This is an increment that will add to the thickness values 
within a defined region, ft (m) 

Angle of the wellbore with the vertical plane, degrees 

Angle of influence for Carter-Tracy functions, degrees 

Tubing hole or the surface pressure for each well, psi (Pa) 
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Tl(NTVI) 

TINJ 

TIR 

TITLE(4O) 

TMCHG 

TMN 

TMX 

TO 

TOLOP 

TOLX 

TOS 

TOW 

TOX 

TR(NTVR) 

TRR 

TSMN 

TSMX 

TTOPW 

TWMN 

TWMX 

Temperatures for the temperature-versus-viscosity table, 
• F ( • C ) 

Te m per a tu r e o f t h e i n je c t i o n f 1 u i d o f a1 w e 1 1 , • F ( • C ) 

Reference temperature for the contaminated fluid viscosity, 
°F (°C) 

Title for the run, alphanumeric 

Time at which the next set of recurrent data is tobe read, 
day (sec) 

Lower limit on the time axis for plotting, day (sec) 

Upper limit on the time axis for plotting, day (sec) 

A standard temperature for calculating fluid density, 
°F (°C) 

Th e t a.J e r a n c e o n p r e s s u r e c a l c u l a t i o n s , p s i ( P a ) 

The tolerance on the fractional change in pressure over an 
iteration, fraction 

Surface ternperature for plotting observed data, °F (°C) 

Bottom hole temperature for plotting observed data, °F (°C) 

Observation time of data tobe plotted, day (sec) 

Temperatures for the temperature-versus-viscosity table of 
the resident fluid, °F (°C) 

Reference temperature for the resident viscosity fluid, 
°F ( °C) 

The lower limit on the coordinate for plotting surface 
temperatures, °F {°C) 

The upper lirnit on the coordinate for plotting surface 
temperatures, °F (°C) 

Rock temperature surrounding the wellbore at the surface, 
°F (°C) 

The lower limit on the coordinate for plotting the bottom­
hole temperatures, °F (°C) 

The upper limit on the coordinate for plotting the bottom­
hole temperatures, °F (°C) 
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Tl 

T2 

T3 

UCOEF 

UCRP 

UH 

UKTX 

UKTY 

UKTZ 

UTCX(NRT) 

UTCY(NRT) 

UTCZ(NRT) 

UTH 

VAB 

VCC(NCV) 

Constant value of temperature at the block boundary, 
specified according to KAQ, "f ("C) 

Temperature of surrounding media, speciried according to 
KAQ, "F ("C) 

Coefficient of surface heat transfer, specified according 
to KAQ, Btu/day-ft-"F (W/m-"C) 

For wells, the overall heat transfer coefficient between 
the inner surface of the pige and the outer surface of the 
casting, Btu/ft2-·F-hr (W/mZ-·c) 

Modified heat capacity of the rock per unit volume, 
Btu/ft3-•F (J/m3-•c) 

Modified depth (measured positively downward from the 
reference plane to the top of a grid block), ft (m) 

Therma] conductivity of the fluid saturated porous medium 
in the x-direction, Btu/ft-"F-day (J/m-sec-"C) 

Thermal conductivity of the fluid saturated porous medium 
in the y-direction, Btu/ft-·F-day (J/m-sec-°C) 

Thermal conductivity of the fluid saturated porous medium 
in the z-direction, Btu/ft-"F-day (J/m-sec-"C) 

For a rock type, the thermal conductivity of the media in 
the x-direction, Btu/ft-·F-day (J/m-·c-sec) 

For a rock type, the thermal conductivity of the media in 
the y-direction, Btu/ft-·F-day (J/m-"C-sec) 

For a rock type, the thermal conductivity of the media in 
the z-direction, Btu/ft-"F-day (J/m-·c-sec) 

Modified grid-block thickness in the vertical direction, 
ft (m) 

Specifies either the aquifer-influence coefficient for each 
block within a defined region ( IAQ = 1,2, or 3) or the 
boundary block type (IAQ = 4). Dimensions depend on the 
option chosen. 

Visocosity of a fluid mixture at a specified (SC) 
concentration and temperature (TRR), cp (Pa-sec) 
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VEL 

VISI(NTVI) 

VI SIR 

VISR(NTVR) 

VISRR 

W I 

WTFAC 

X 

XLGTH 

YLGTH 

ZT(NDT) 

IFREE 

NRCHMX 

1 RST 

IRCH 

RCHG 

Initial velocity of the resident aquifer fluid in the 
x-direction, ft/day (rn/sec) 

Viscosity of the contarninanted fluid at a specified 
ternperature (TI), cp (Pa-sec) 

Reference viscosity of the contaminated fluid at the 
reference temperature (TIR), cp (Pa-sec) 

Vlscosity of the aquifer resident fluid at a specified 
temperature (TR), cp (Pa-sec) 

~~e reference viscosity of the aquifer resident fluid at 
tie reference ternperature (TRR), cp (Pa-sec) 

',.:::11 index, ft2/day, (rn2/sec) 

~eight factor for finite-difference approximation in space 

Pipe (wellbore) length to the top of the perforations, 
ft (m) 

Tne length on the computer-output rnaps which is desired in 
the x (or r) direction, inches 

The length on the computer-output map which is desired in 
the y (or z for radial geometry or for cartesian geometry 
~ith NY = 1) direction, inches 

Oepth for the depth-versus-temperature table, ft (rn) 

Control parameter for free water surface calculations. 

~aximum number of surface recharge blocks. 

Control parame!er for initial izir.9 pressure, temperature 
~nd ~o~c~ntrat,on (brine and/or radionuclides), i.e. 
v = 1n1t1al values are zero. Initial values are read from 
tape, calculated in a previous run. 

Sontrol parameter for groundwater recharge option. 

qecha.rQe rate in the uppermost layer (K=l) in m/sec. 
A pos1t1ve value gives the recharge, a negative value the 
groundwater discharge. 
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ISAVEP 

ISAVET 

I SAV EC 

ISVCRN 

I SAV E 

ISVBL 

NBLS 

IBLS 

ISVCBL 

JSVCBL 

KSVCBL 

IPTC 

C 2 

Control parameter for frequency to save the pressure 
distribution (PDAT). 

Control parameter for frequency to save the temperature 
distribution. 

Control parameter for frequency to save the brine 
concentration distribution. 

Control parameter for frequency to save the radionucl ide 
concentration distribution. 

Control parameter for saving the grid block values of 
pressure at datum, temperature, brine concentration and 
radionuclide concentration. 

Control parameter for saving the radionuclide conce~­
tration at single grid blocks. 

Maximum Number of grid blocks for which radionuclide 
concentrations are tobe saved. 

Indicator of orid block for which the radionuclide 
concentrations are to. be saved. 

The x-direction (or I) coordinate of a block for which 
radionuclide concentrations are to be saved. 

The y-direction (or J) coordinate of a block for which 
radionucl ide concentrations are to be saved. 

The z-direction (or K) coordinate of a block for which 
radionuclide concentrations are tobe saved. 

Control parameter to specify the boundary conditions. 

Fixed brine concentration at block boundary 
(dimensionl ess). 
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READ CARD(S) 

ACS(NRT) RlA-2 
ALCH R2-10.5 
ALPHAL(NRT) Rl-2.5(List 
ALPHAT(NRT) Rl-2.5(List 
ALPHL Rl-2 
ALPHT Rl-2 
AMAXK R2-17 
AMAXP R2-15 
AMAXT R2- l 6 

R2-18 
AMINK R2-17 
AMINP R2-15 
AMINT R2-16 

R2-J8 
AP(NP) RO-l(Card 2) 

BHP R2-7(List 2) 
BLCH R2-10.5 
BROCK Rl-3 
BWRI Rl-3 
BWRN Rl-3 

CINIT I-2 
CINJ R2-7(List 2) 
CMN P-3(Card 2) 
CMX P-3(Card 2) 
CNAME(2) RlA-8 
CNOUM(NTIME) RlA-8 
CONV Rl-2 
CONVC RlA-5 
CONVL RlA-5 
CONVT RlA-5 
cos P-4 
CPOB Rl-13 
CPR Rl-1 
CPRl(NZ) Rl-23 

* Oimensionless 
** Alphanumeric 
+ Oepends on Input 

APPENDIX C 
VARIABLE IN DE X 

(not revised) 

FORMAT COLUMNS DIMENSIONS 

FlO.O 1-70 day-l(sec-1) 
ElO.O 1-10 day(sec) 

2 ) ElO.O 1-70 ft(m) 
2) El0.0 1-70 f t ( m) 

ElO.O 41-50 ft(m) 
ElO.O 51-60 ft(m) 
FlO.O 31-40 * 
Fl0.0 31-40 psi(Pa) 
FlO.O 31-40 .F("C) 
FlO.O 31-40 * 
FlO.O 41-50 * 
FlO.O 41-50 psi(Pa) 
FlO.O 41-50 .F("C) 
FlO_. 0 41-50 * 
ElO.O 11- 20, * 

31-40 ... 

ElO.O 11- 20 psi(Pa) 
ElO.O 11-20 day(sec) 
ElO.O 1-10 lb/ft3(kg/m3) 
ElO.O 41-50 lb/ft3(kg/m3) 
ElO.O 31-40 lb/ft3(kg/m3) 

Fl0.0 31-40 * 
ElO.O 31-40 * 
FlO.O 41-50 * 
FlO.O 51-60 * 
2A4 1-8 ** 
FlO.O 11-70 * 
ElO.O 31-40 + 
FlO.O 11-20 + 
FlO.O 1-10 + 
FlO.O 21-30 + 
FlO.O 51-60 * 
ElO.O 11-20 Btu/ft3-·F(J/m3-•c) 
ElO.O 41-50 Btu/ft3-•F(J/m3-•c) 
ElO.O 41-50 Btu/ft3-"F(J/m3-·c) 
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CPUB Rl-13 
CPW Rl-1 
CR Rl-1 
CS(NCP) RlA-9 
CTlME(NTIME) RlA-7 
C TW Rl-1 
CW Rl-1 
Cl Rl-28(List 2) 

OAMPX R2-3 
DC MX R2-l 
OCNSTR RlA-4 
DEC{NCP) RO-l(List 1) 
DELPW Rl-5 
OELX{NX) Rl-17 
DELY(NY) Rl-18 
OELZ(NZ) Rl-19 

Rl-23 
DEPTH Rl-20 

R 1.:_2 2 
DI(2,NCP) RO-l(List 1) 
DIS(NCP) R0-2 
DMEFF Rl-2 
OPMX R2-12 
OSMX R2-12 
OT R2-12 

P-3(Card 1) 
OTMAX R2-12 
OTMIN R2-12 
OTPMX R2-12 
OW R2-7(List 
DZOB(NZOB) Rl-14 
OZUB(NZUB) Rl-15 

ED R2-7(List 
EPS R2-3 

FAB Rl-33(List 
FPV Rl-26(List 
FTX Rl-26(List 
FTY Rl-26(List 
FTZ R 1- 2 6 (L i s t 

* Oimensionless 
** Alphanumeric 

3) 

3) 

2) 
2) 
2) 
2) 
2) 

El0.0 31-40 Btu/ft3-•f(J/m3-·c) 
ElO.O 31-40 Btu/lb-°FiJ/kg-°C) 
ElO.O 11-20 psi-l(Pa- ) 
FlO.O 1-70 * 
FlO.O 1-70 daylsec) 
ElO.O 21-30 "F- t·c-li 
ElO.O 1-10 psi- (Pa- ) 
ElO.O 31-40 * 

FlO.O 26-35 * 
El0.0 21-30 * 
FlO.O 21-30 ft(m) 
El0.0 31-40 yr 
ElO.O 11-20 psi{Pa) 
7El0.0 1-70 ft(m) 
7El0.0 1-70 ft(m} 
7El0.0 1-70 ft(m) 
ElO.O 1-10 f t ( m ). 
ElO.O 61-70 ft(m} 
ElO.O 31-40 ft(m) 
2A4 4-11 ** 
7El0.0 1-70 ft3/lb m3fkg 
ElO.O 61-70 ft2/day(m /sec) 
El0.0 41-50 psi(Pa) 
ElO.O 31-40 * 
ElO.O 11-20 day(sec) 
FlO.O 21-30 day(sec) 
ElO.O 61-70 day(sec) 
ElO.O 71-80 day(sec) 
ElO.O 51-60 °F(°C) 
ElO.O 11-20 ft(m) 
7El0.0 1-70 ft(m) 
7El0.0 1-70 ft(m) 

ElO.O 21-30 ft(m) 
FlO.O 36-45 °F(°C) 

El0.0 1-10 * 
ElO.O 31-40 * 
ElO.O 1- 10 * 
ElO.O 11-20 * 
ElO.O 21-30 * 
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HADD Rl-26(List 2 ) ElO.O 41-50 f t ( m) 
HCNSTR RlA-4 FlO.O 31-40 ft(m) 
HOATUM Rl-16 ElO. 0 31-40 f t ( m) 
HIN IT Rl-16 ElO.O 21-30 ft(m~ 
HTG M-3 15 16-20 ++ 

RO-l(Card 1 ) I 5 16-20 ++ 

RZ-6 15 1-5 ++ 

R2-7(List 1 ) 15 1-5 ++ 

RZ-lO(List 1 ) 15 1-5 ++ 

IAQ Rl-27 I 5 1-5 ++ 

ICLL R2 -1 l 5 41-45 ++ 

I COMP l - 1 15 1-5 ++ 

I D P-2 10A4 11-50 ** 
I I C 1 R2-7(list 1) IS 16-20 ++ 

I l C2 R2-7(list 1) IS 21-25 ++ 

I IND\.Jl R2-7(List 1) 15 26-30 ++ 

l l PR T M-2 15 16-20 ++ 

R2-13 I 5 51-55 ++ 

l I S R2-)0(List 1 ) l 5 6-10 ++ 

l HI R2-7(List 1) 15 6-10 ++ 

IJS R2-10(List 1 ) l 5 11-15 ++ 

I J\./ R2-7(List 1) IS 11-15 ++ 

IKS R2-10(List 1) 15 16-20 ++ 

IKl R2-17 I 5 1-5 ++ 

IKZ R2-17 IS 6-10 ++ 

ILAST M-4 l 10 1-10 ++ 

lLEVEL RlA-3 15 1-5 ++ 

lMETH R2-l I 5 11-15 ++ 

I HP G RZ-11 I 5 11-15 ++ 

INAT I-1 I 5 6-10 ++ 

INOQ R2-l 15 1-5 ++ 

INDT R2-l I 5 36-40 ++ 

I OP T RZ-1 I 5 31-35 ++ 

I O 1 RZ-13 I 5 1-5 ++ 

102 R2 -13 IS 6-10 ++ 

103 R2-13 l 5 11-15 ++ 

104 RZ-13 r s 16- 20 ++ 

105 RZ-13 I 5 21-25 ++ 
[06 RZ -13 I 5 26-30 ++ 

108 R2-13 I 5 31-35 
l PRO 0 RZ -1 I 5 26-30 ++ 
IP 1 RZ-15 I 5 1-5 ++ 

IP 2 R2 -15 I 5 6-10 ++ 

** Alphanumeric 
++ lndicates a program flag, switch, option indicator or other 

indicator for which dimensions do not apply 
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IRD I - 1 I 5 11 - 15 + + 

IRSS R2-l 15 21-25 + + 

IR T RlA-1 I 5 31-35 + + 

ISURF H-2 I 5 11 - l 5 + + 

ITHRU RZ -1 I 5 16-20 + + 

l Tl RZ-16 I 5 1-5 + + 

R2-18 15 1-5 ++ 

I TZ RZ-16 I 5 6-10 + + 
RZ - 18 I 5 6-10 ++ 

I UN IT M-2 l 5 36-40 + + 
IWELL R2 - 1 I 5 6-10 + + 

I 1 Rl-Zl(List 1 ) l 5 1-5 + + 

Rl-26( List 1 ) I 5 1-5 + + 

Rl-28(List 1) I 5 1- 5 ++ 

Rl-30(List 1) I 5 1-5 ++ 

Rl-33(List 1) 15 1-5 ++ 

I-2 15 1-5 ++ 

I lA RlA-1 I 5 1-5 ++ 

RlA-6 15 1-5 +- + 

I 1 B RlA-1 I 5 6-10 ++ 

RlA- 6 15 6-10 +-+ 

I 2 R 1-·z 1 ( L ist 1) I 5 6-10 ++ 

Rl-26(List 1 ) IS 6-10 +-+ 

Rl-28(List 1) I 5 6-10 +- + 

Rl-30(List 1) 15 6-10 + + 

Rl-33(List 1) IS 6-10 +- + 

l-2 15 6-10 +-+ 

JKl R2-17 l 5 11- 15 ++ 

JK2 R2 -17 15 16-20 ++ 

JPl RZ-15 I 5 11- 15 ++ 

JPZ R2 -15 15 16-20 ++ 

J Tl R2-16 l 5 11-15 +-+ 

R2-18 I 5 11-15 ++ 

JTZ R2-16 15 16-20 ++ 

R2-18 IS 16-20 ++ 

Jl Rl-2l(List 1) IS 11-15 ++ 

Rl-26(List 1 ) l 5 11-15 ++ 

Rl-28(List l) 15 11- 15 ++ 

Rl-30(List 1 ) 15 11-15 ++ 

Rl-33(List 1) I 5 11-15 ++ 

I - 2 15 11-15 ++ 

JlA RlA-1 I 5 11- 15 ++ 

RlA-6 I 5 11-15 ++ 

J 1B RlA-1 I 5 16-20 ++ 

RlA-6 15 16-20 ++ 

++ Indicates a program flag, switch, option indicator or other 
indicator for which dimensions do not apply 
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J2 

KAQ 
KH 
KHL(IIC2) 
KKl 
KK2 
KOB 
K0UT 
KP(NP) 

KPl 
KP2 
KTl 

K T2 

KUB 
K\./ 
KX 

KY 

KYY(NZ) 
KZ 

KZZ(NZ) 
Kl 

KlA 

Klß 

KZ 

Rl-2l(List 1) 
Rl-26(List 1) 
Rl-28(List 1) 
Rl-30(List 1) 
Rl-33(List l) 
I-2 

Rl-28(List 1) 
Rl-31 
R2-7(List 4) 
R2-17 
R2-17 
R 1 -13 
M-3 
RO - 1 ( l i s t 2 ) 

R2-15 
R2 -15 
RZ-16 
R2-)6 
RZ-16 
RZ-16 
Rl-13 
P-2 
Rl-20 
Rl-2l(List 2) 
Rl-20 . 
Rl-2l(List 2) 
Rl-23 
Rl-20 
Rl-2l(List 2) 
Rl-23 
Rl-2l(List 1) 
Rl-26(List 1) 
Rl-28(List 1) 
Rl-30(List 1) 
Rl-33(List 1) 
I-2 
RlA-1 
RlA-6 
RlA-1 
RlA-6 
Rl-2l(List 2) 
Rl-26(List 2) 
Rl-28(List 2) 
Rl-30(List 2) 
Rl-33(List 2) 
I - 2 

* Dimensionless 

15 
l 5 
15 
1 5 
I 5 
15 

15 
El0. 0 
El0.0 
I 5 
I 5 
El0.0 
15 
I 5 

I 5 
I 5 
I 5 
I 5 
I 5 
I 5 
El0.0 
I 5 
El0.0 
El0.0 
El0.0 
El0.0 
El0.0 
El0.0 
El0.0 
El0.0 
I 5 
15 
I 5 
I 5 
l 5 
15 
I 5 
I 5 
15 
I 5 
I 5 
I 5 
I 5 
r 5 
I 5 
l 5 

16-20 
16-20 
16-20 
16-20 
16 - 20 
16-20 

31-35 
1-10 
1-80 
21-25 
26-30 
1-10 
31-35 
l - 5 , 
21-25 ... 

21-25 
26- 30 
21-25 
21-25 
26-30 
26- 30 
21-30 
1-5,6-10 
1-10 
1-10 
11-20 
21-30 
11-20 
21-30 
21-30 
21-30 
21-25 
21-25 
21-25 
21-25 
21-25 
21-25 
21-25 
21-25 
26-30 
26-30 
26-30 
26-30 
26-30 
26-30 
26-30 
26-30 

++ 
++ 
++ 
++ 
++ 
++ 

++ 
ft2/day(m2/sec) 
* 
++ 
++ 
Btu/ft-day-·F(J/m-sec- "C) 
++ 
++ 

++ 
++ 
++ 
++ 
++ 
++ 
Btu/ft-day-·F(J/m-sec-·c) 
++ 
ft/day(m/sec) 
ft/day(m/sec) 
ft/day(m/sec) 
ft/day(m/sec) 
ft/day(m/sec) 
ft/day(m/sec) 
ft/day(m/sec) 
ft/day(m/sec) 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 

++ Indicates a program flag, switch, option indicator or other 
indicator for which dimensions do not apply 
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LADJ(NCP) RO-l(List 1 ) I S 26-30 ++ 

MAP R2-13 I 5 41-45 ++ 

MASS(NCP) RO-l(List l) I 3 1-3 ++ 

MAXITN R2- ll I 5 6-10 ++ 

MOAT R2-13 IS 46-50 ++ 

METHOO M-3 I 5 51-55 ++ 

R2-2 I 5 1-5 ++ 

MINITN RZ-11 I 5 1-5 ++ 

NAAR M-3 15 56-60 ++ 

NABLMX M-3 I 5 46-50 ++ 

NCALC Rl-29 15 1-5 ++ 

NCALL M-2 l 5 1-5 ++ 

R2-ll.5 15 1-5 ++ 

NCOMP M-3 15 66-70 ++ 

NCP M-3 15 21-25 ++ 

N CV Rl-6 15 1-5 ++ 

NOT Rl -:.6 15 16-20 ++ 

N ITQ R2-3 I 5 1-5 ++ 

NORIEN R2-14 15 1-5 ++ 

NOUT Rl-4 I 5 1-5 ++ 

NP(NCP) RO-l(List 1 ) 15 21-25 ++ 

NPLC M-2 15 31-35 ++ 

NPLP M-2 15 21-25 ++ 

NPLT M-2 I 5 26-30 ++ 

NPT Rl-29 I5 6-10 ++ 

NREPB M-3 I 5 71-75 ++ 

NRT M-3 15 26-30 ++ 

NS MAX M-3 I 5 41-45 ++ 

NSS R2-9 IS 1-5 ++ 

NTIME M-3 I 5 61-65 ++ 

NTV I Rl-6 I5 11-15 ++ 

NTVR Rl-6 I5 6-10 ++ 

NWT R2-4 15 1-5 ++ 

P-1 r5 1-5 ++ 

NX M-3 15 1-5 ++ 

NY M-3 15 6-10 ++ 

NZ M-3 15 11-15 ++ 

NZOB Rl-12 I 5 1-5 ++ 

NZUB Rl-12 15 6-10 ++ 

++ Indicates a program flag, switch, option indicator or other 
indicator for which dimensions do not apply 
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00 R2-7(List 3) ElO. O 31-40 f t ( m) 

PBASE R 1 -5 ElO.O 1-10 p S i1 
( p d ) 

PBWR R 1 - 3 ElO.O 11 - 2 0 psi(Pa) 
P H I Rl-20 ElO.O 31-40 * 

Rl-2l(List 2 ) ElO.O 31-40 * 
PH l H R 1 - 31 El0.0 11 - 2 0 f t ( m) 
P IN l T R 1 - 16 ElO.O 11 - 20 psi(Pa) 
POROS(NZ) R 1 - 2 3 ElO.O 31-40 * 
POS p -4 FlO.O 21 - 30 psi(Pa) 
POW p -4 FlO.O 11 - 20 psi(Pa) 
PRT M-3 I 5 36 - 4 0 ++ 
PRTAB Rl-27 I 5 6- l O ++ 
PRTIF Rl-29 I S 11 - 15 ++ 
PSMN P-3(Card 1 ) FlO.O 51 -60 psi(Pa) 
PSMX P-3(Card 1 ) FlO.O 61 - 7 0 psi(Pa) 
PTO(NPT) Rl-32 FlO.O 11-20, * 

31-40 ... 
P\./MN P-3(Card 1 ) Fl0.0 31 - 4 0 psi(Pa) 
PWMX P :,J ( C a r d 2 ) FlO.O 41 - 5 0 psi(Pa) 
Pl Rl-28(List 2) ElO.O 11 -20 psi(Pa) 

Q(NWT) R2-5 El0.0 1 - 7 0 ft3/day(m3/day) 
QCC(NSS,NCP) R2-10(List 2) E 10. 0 21 - 8 0 lb/day(kg/sec) 
QHH(NSS) R2-10(List 2) ElO.O 11 - 2 0 Bt~/day(J~sec) 
QWELL R2-6 ElO.O 6 - 16 ft /day(m /sec) 
0\./W(NSS) R2-10(List 2) ElO.O 1 - 10 lb/day(kg/sec) 

RAQ R 1 - 31 ElO.O 21 - 3 0 f t ( m) 
RE Rl-22 ElO.O 2 1 - 30 f t ( m) 
RR(NX) Rl-25 ElO.O 1 - 7 0 f t ( m) 
RSTRT M-2 r s 6 - 10 ++ 
RSHIR R 2-13 I 5 36-40 ++ 
RWW Rl-22 ElO.O 1 - 10 f t ( m ) 
R I Rl-22 ElO.O 11 - 20 f t ( m) 

SC(NCV) R 1 -8 FlO.O 1 - 20, * 
21-30 ... 

SCNSTR R 1 A-4 Fl0.0 11 - 20 f t ( m) 

* Oimensionless 
++ Indicates a program flag, switch, option indicator or other 

indicator for which dimensions do not apply 
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SORIFT RlA-4 
SINX Rl-20 
SI NY Rl-20 

TBWR Rl-3 
TBOHi R2-7(List 3 ) 
TCHG R2-12 
TO(NOT) R 1-11 

TO(NPT) Rl-32 

TDIS Rl-5 
THAOD Rl-26(List 2) 
THETA R2-7(List 3 ) 
THETAQ Rl-31 
THP(NWT) R2-8 
TI((NTVI) Rl-10 

TINJ R2-7(List 2) 
TIR R l'- 7 
TI TLE M-1 
TMCHG M-5 
TMN P-3(Card 1 ) 
TMX P-3(Card 1 ) 
TO Rl-16 
TOLDP R2-3 
TOLX R2-3 
TOS P-4 
TOW P-4 
TOX P-4 
TR(NTVR) Rl-9 

TRR Rl-7 
TSMN P-3(Card 2) 
TSMX P-3(Card 2) 
TTOPW R2-7(List 3) 
TWMN P-3(Card 2) 
TWMX P-3(Card 2) 
Tl Rl-28(List 2) 
TZ Rl-28(List 2) 
T3 Rl-28(List 2) 

UCOEF R2-7{List 3 ) 
UCPR Rl-2l{List 2 ) 
UH Rl-2l(List 2) 
UKTX Rl-2 
UKTY Rl-2 
UKTZ Rl-2 

* Oimensionless 
** Alphanumeric 

FlO.O 1- l 0 f t ( m) 
ElO.O 41-50 * 
ElO.O 51-60 * 

ElO.O 21-30 "f("C) 
El0.0 51-60 .F(.C) 
ElO.O 1- 10 day( sec) 
FlO.O 11-20, • F ( • C ) 

31-40 ... 
flO.O 1 - 10, * 

21- 30 ... 
ElO.O 21-30 ft2/hr(m2/sec) 
ElO.O 51-60 ft(m) 
ElO.O 71-80 . 
ElO.O 31-40 . 
ElO.O 1-70 p s i 
FlO.O 1-20, "F(.C) 

21-30 ... 
El0.0 21-30 • F( ·c) 
ElO.O 21-30 °F{.C) 
20A4/20A4 1-80 ** 
FlO.O 1-10 day(sec) 
FlO.O 1-10 day(sec) 
FlO.O 11-20 day(sec) 
ElO.O 1-10 "F ( °C) 
FlO.O 16-25 psi(Pa) 
FlO.O 6 -15 * . 
FlO.O 41-50 • F(.C) 
FlO.O 31-40 °F{°C) 
FlO.O 1-10 day(sec) 
FlO.O 1-10, .F("C) 

21 - 30 ... 
ElO.O 1-10 "F("C) 
FlO.O 21-30 • F( • c) 
FlO.O 31-40 "F( "C) 
ElO.O 41-50 ft(m) 
FlO.O 1-10 .F(.C) 
FlO.O 11-20 .F(. C) 
ElO.O 21-30 .F("C) 
ElO.O 41-50 • F(. C) 
E 10. 0 · 51-60 Btu/day-ft-°F(W/m-°C) 

ElO.O 61-70 Btu/ft3-"F-hr{W/m-"C) 
ElO.O 61-70 Btu/ft3-"F(J/m3-·c) 
ElO.O 41-50 ft(m) 
ElO.O 1-10 Btu/ft-"F-day{W/m-"C) 
ElO.O 11-20 Btu/ft-•F-day(W/m-"C) 
ElO.O 21-30 Btu/ft-°F-day(W/m-°C) 
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UTCX(NRT) Rl-2.5(List l ) FlO.O 1-10 Btu/ft-°F-day(\.l/m-°C) 
UTCY(NRT) Rl-2.S(List l ) Fl0.0 11-20 Btu/ft-°F-day(\.l/m-·c) 
UTCZ(NRT) · Rl-2.S(List 1 ) Fl0.0 21-30 Btu/ft-°F-day{W/m-°C) 
UTH Rl-2l(List 2) El0.0 51-60 ft(rl) 

VAB Rl-28(List 2 ) ElO.O 1-10 + 
Rl-30(List 2) ElO.O 1-10 * 

VCC(NCV) Rl-8 FlO.O 11-20, cp(Pa-sec) 
31-40 ... 

VEL I - 3 FlO.O 1-10 ft/day 
VISI(NTVI) Rl-10 Flü.O 11-20, cp(Pa-sec) 

31-40 ... 
V I S IR Rl-7 ElO.O 31-40 cp(Pa-sec) 
VISR(NTVR) Rl-9 FlO.O 11-20, cp(Pa-sec) 

31-40 ... 
VISRR Rl-7 ElO.O 11-20 cp(Pa-sec) 

W I R2-7(List 2) ElO.O 1-10 ft2/ctay(m2/sec) 
\.ITFAC R2:-;, 2 FlO.O 6-15 * 

X R2-7{List 1 ) ElO.O 1-10 f t ( m) 
XLGTH R2-14 FlO.O 6- 15 in 

YLGTH R2-14 FlO.O 16-25 in 

ZT(NDT) Rl-11 FlO.O 1-10, f t ( m) 
21-30 ... 

* Oimensionless 
+ Oepends on the input 
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APPENDIX 0 

ENGLISH ANO SI UNITS 

Variable 

Area 
Coinpressibility 
Component mass flow rate 
Component transmissibility 
Concentration 
Oarcy velocity 
Oensity 
Oiffusivity 
Oispersivity 
Distribution coefficient 
Enthalpy 
Fluid flow transmissibil ity 
Fluid heat capacity 
Fluid mass flow rate 
Half-life 
Heat f low rate 
Hydraulic conductivity 
Length 
Ma s s 

Porosity 
Pressure 
Rock heat capacity 
Salt dissolution product 
Temperature 
Thermal conductivity 
Thermal expansion 
Thermal transmissibility 
Time 
Viscosity 
Volume 
Waste concentration 
Wel 1 flow rate 
Well index 

Engl ish 

ft2 

l / p s i 

lb/day 
lb/day 
fraction 
ft/day 
lb/ft3 
ft2/day 
ft 
ft3/lb 
Btu 
lb/day 
Btu/lb- 0

F" 

lb/day 
yr 

Btu/day 
ft/day 
ft 
l b 

fraction 
p s i 

Btu/ft3-•F 

1/day 
"F 

Btu/ft-day-°F 
l /" F 

Btu/day-°F 
day 
cp 
ft3 
lb/ft3 

ft3/day 
ft2/day 
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S l 

m Z 

1 /Pa 
kg/sec 
kg/sec 
fraction 
m /sec 
kg/m3 
m2/sec 

m 

rn3/kg 
J 

kg/sec 
J/kg-°C 
kg/sec 
yr 

J /sec 
rn/sec 
m 

kg 
fraction 
Pa 
J/m3-•c 

l /sec 
• C 

J/m-sec-·c 

l /" C 

J/sec-·c 
5ec 
Pa-sec 
m3 

kg/m3 
m3/sec 
rn2/sec 
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APPENDIX E 

CONVERSION OF ENGLISH TO METRfC UNliS 
FOR SWIFT MODEL 

Mü LT l P L Y BY TO OßTA[N 

i /PS I l.4504E-4 1/ PA 
1/DEG.F 1.800 1/DEG.C 
ßTU/LßM-OEG.F 4185.0 J/KG-OEG.C 
8TU/CU.FT-OEG.F 67037. J/CU.M.-OEG.C 
BTU/FT-OAY-0::G.F .07208 J/M-SEC-OEG.C 
FEET .3048 M 

SQ.FT/OAY l.0753E-6 SQ.M/SEC 
LBM/CU.FT 16.018 KG/CU.M. 
PSI 6894.6 PA 
OEG.F .5556-17.78 DEG.C 
CP .001 PA-SEC 
BTU/LBM 2325.0 J/KG 
FT/OAY 3.5278E-6 M/SEC 
L BM .45359 KG 
CU.FT. .028317 CU.M. 
BTU 1054.6 J 
CU.FT/OAY 3.2774E-7 CU.M/SEC 
OAY 86,400 SEC 
LB/OAY 5.2498E-6 KG/SEC 
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