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1 Introduction 

1.1 Background 

The Waste Isolation Pilot Plant (WIPP) is located in southeastern New Mexico 
and has been developed by the U.S. Department of Energy (DOE) for the ge- 
ologic (deep underground) disposal of transuranic (TRU) waste. Containment 
of TRU waste a t  the WIPP is regulated by the U.S. Environmental Protection 
Agency (EPA) according to the regulations set forth in Title 40 of the Code 
of Federal Regulations, Parts 191 and 194. The DOE demonstrates compliance 
with the containment requirements in the regulations by means of a performance 
assessment (PA), which estimates releases from the repository for the regulatory 
period of 10,000 years after closure. 

In October 1996, DOE submitted the Compliance Certification Application 
(CCA) to the EPA, which included the results of extensive PA analysis and 
modeling. After an extensive review, in May 1998 the EPA certified that the 
WIPP met the criteria in the regulations and was approved for disposal of 
transuranic waste. The first shipment of wast'e arrived a t  the site in March 
1999. 

The results of the PA conducted for the CCA were subsequently summarized 
in a Sandia National Laboratories (SNL) report [13] and in refereed journal 
articles [14]. 

The DOE is required to submit an application for re-certification every five 
years after the initial receipt of waste. The re-certification applications take 
into account any information or conditions that have changed since the original 
certification decision. ~ c c o r d i n b l ~ ,  the DOE is conducting a new PA in support 
of the Compliance Recertification Application (CRA). Analysis Plan AP-105 
[19] presents the full set of PA calculations required for the CRA and lists the 
analysis plans that describe each component of the calculations. 

One component of the CRA-PA is the calculation of the complementary cu- 
mulative distribution function (CCDF) of the normalized cumulative radionu- 
clide release to the accessible environment. Groundwater flow and radionuclide 
transport in the Culebra Dolomite Member of the Rustler Formation are simu- 
lated using numerical models as part of this calculation. 

The WIPP repository is located 26 miles (42 kilometers) southeast of Carls- 
bad, New Mexico. The disposal horizon of the WIPP is approximately 2,150 feet 
(655 meters) below the ground surface in the Salado Formation of the Delaware 
Basin. The Salado is regionally extensive, consisting predominantly of halite, a 
low permeability evaporite [39]. 

The Rustler Formation is located above the Salado and is of particular im- 
portance to  the CRA because it contains the most transmissive units above 
the repository. In the vicinity of the WIPP, the Rustler consists of evaporite 
units interbedded with carbonates and siliciclastic units [17, 501. The Cu le  
bra Dolomite Member has been identified as the most transmissive unit in the 
Rustler and consequently the most likely pathway for subsurface transport of 
radionuclides. 



1.2 Analysis Overview 

The cumulative release of radionuclides through the Culebra to the accessible 
environment is estimated using a public domain single phase flow code (MOD- 
FLOW) and single-phase transport codes (the SECOTP2D suite) developed by 
Sandia National Laboratories (SNL). The estimation procedure may be divided 
into three major parts, namely, generation of the transmissivity fields, ground- 
water flow calculations and radionuclide transport .calculations. The results 
of the Culebra flow and transport calculations are combined with the results 
of other calculations during the construction of the complementary cumulative 
distribution function (CCDF) of the normalized cumulative radionuclide release 
to the accessible environment. 

Calculation of groundwater flow and radionuclide transport in the Culebra is 
carried out under Analysis Plans AP-088 [2] and AP-100 [20] (see Figure 1). AP- 

. 088 addresses the calculation of a set of possible Culebra transmissivity fields (T 
fields) in the vicinity of the repository. AP-100 describes the process of selecting 
100 T fields from the set prodyed in'AP-088, and the set of calculatio~ls that 
are run to simulate Culebra flow and transport in the vicinity of the WIPP site. 

This report documents the methods, software, input files, and output files 
used to complete Tasks 4-6 of the Analysis Plan for Calculation of Culebra Flow 
and 'It-ansport for the CRA (AP-100) [20] and summarizes the results obtained. 
The specific tasks covered in this report are: 

Task 4 Extraction of flow field values from the regional flow field computed 
using modf low and preparation of these flow fields for use in transport 
modeling with secotp2d. 

, ' 

Task 6 Scaling of the flow field for climate change. 

Task 5 Culebra radionuclide transport calculations using secotp2d. 
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2 Flow Field Extraction (Task 4) 

2.1 Objective 

The objective of Task 4 is to develop and implement a procedure for extracting 
the groundwater flow field from the output of the modflow groundwater flow 
model and to  put it into the format which the secotp2d code suite expects. 

2.2 Background 

Several issues need to be addressed when using the results of the groundwater 
flow calculations computed using modflow as input to the Culebra transport 
calculations: 1) the modf low code outputs the volumetric flux across the face of 
each cell in the computational mesh, while the secotp2d code suite expects the 
flow field in terms of the specific discharge a t  cell faces; 2) the computational 
domain used in the transport calculations is a subregion of that used in the 
groundwater flow calculations; 3) the origin of the two-dimensional modf low 
computational mesh corresponds to the northwest corner of the groundwater 
flow modeling domain while the secotp2d computational mesh locates its origin 
a t  the southwest corner of the transport model domain; 4) the coordinate system 
used by modflow also differs from that used by secotp2d in that the positive 
y-direction in modflow is opposite that of secotp2d and thus the flux in the 
y-direction has different sense in the two systems; and 5) modf low defines the 
x-direction flux for a given cell index as the flux through that cell's right face 
while secotp2d defines it as the flux through the left cell face. 

The specific discharge or Darcy velocity across the cell face is computed by 
dividing the volumetric flux across the cell face by its area (See Figure 2). 

where u, v are the specific discharge (Darcy velocity) across the cell face in the x- 
and y-direction, respectively; Q,, Qv are the volumetric flux across the cell faces; 
and Ax, Ay are areas of the cell face perpendicular to the x- and y-directions, 
respectively. 

The remaining issues can be dealt with as outlined below and illustrated in 
Figure 3. Let (j, i) be the x-direction and y-direction indices of a cell in the 
modflow mesh with j E [I, Ncol,] and i E [l, N,,,,]. Let (1,m) be the indices 
of the same cell referenced to the secotp2d mesh with 1 E [0, N,, + 11 and 
m E [0, N,, + 11. Note that the secotp2d mesh uses a band of ghost cells which 
extend beyond the boundaries of the transport domain in order to implement 
boundary conditions. 

Since the positive y-direction of the two meshes are opposite in sense, we 
must have 



Figure 2: modf low Volumetric Flux and Darcy Velocity 

where the S superscript denotes the secotp2d velocity and M denotes the 
modf low velocity. The difference in conventions regarding which face to  associate 
with a given cell can be written as 

Let X s h i f t  be the x-direction distance (in number of cells) between the ori- 
gin of the modf low mesh and the secotp2d mesh. Let Y s h i f t  represent the 
corresponding distance in the y-direction. Then the modf low cell indices corre- 
sponding to the cell (1,m) in the secotp2d mesh are given by 

The preceding set of rules may be summarized by Algorithm 1. 
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Figure 3: Transferring Velocities Between modf low and secotp2d Meshes 



Algorithm 1 Velocity Extraction Algorithm 
for 1 = 0 to N,, d o  

for m = 0 to N,, d o  
j + 1 + Xahift 

i += YYift + 1 - m 
ufm + ujM_l,i 

S M 
V Z , ~  - V j , i  

end for 
end for 

2.3 Approach 

The rules for converting the modf low output data (volumetric flux) to secotp2d 
input data (Darcy velocity) described above were implemented in the Fortran 
code vtran2. vtran2 neither models physical phenomena nor solves differential 
equations that model physical phenomena. Rather, it is a utility code that 

. processes the output data produced by a modeling code and formats that data 
for use in another modeling code. - 

The. vtran2 code takes five command line arguments, four required and one 
optional. All arguments are the names of input or output files, descriptions of 
which follow: 

File 1 (cmdf i l e )  is an input ASCII format vtran2 command file. The 
command file describes the modf low mesh, the secotp2d mesh, the x- and 
y-direction offsets between the two meshes, and the format used in AP-100 
Task 3 [23] to write the modf low velocities. 

File 2 (budf i l e )  is an input ASCII format modf low budget file containhg 
the volumetric flux values for each cell in the groundwater flow modeling 
mesh. 

File 3 ( t r n f  i l e )  is an output binary format output file containing the 
groundwater flow velocities for the transport domain (including the ghost 
cells) in the format required by the secotp2d transport code. 

File 4 (dbgf i l e )  is an output ASCII format diagnosticldebug file con- 
taining information about the vtran2 run. 

File 5 ( t x t f  i l e )  is an optional output ASCII format file containing the 
same data as the t r n f  i l e .  

A sample command line procedure that executes vtran2 could be: 
$ vtran2 test.cmd tes t .bud t e s t . t r n  test .dbg t e s t . t x t  

The source listing for vtran2, along with sample command and diagnostic 
output files, is given in Appendix A. Also included in Appendix A is a description 
of the test cases used to verify this utility code. 



Because of the large number of velocity files to process (three replicates 
with 100 vectors per replicate and two mining scenarios per vector) a Digital 
Command Language (DCL) script (vtran2xun.  corn) was written to run vtran2 
for all the elements in.a given replicate. The source listing for this script is 
provided in Appendix A.' 

The vtran22un.  corn script is run from the VMS command line: 

$ Qvtran2xun analys is  r e p l i c a t e  

where analys is  is the name of the analysis (e.g., CRAl), and r e p l i c a t e  identi- 
fies the replicate ( e.g., R1, ~ 2 ,  or R3). (The location of the vtran2 executable 
is hardwired into the v t ran2xun script.) 

When executed, the v t r an2run  script looks for an input file with the name 
vtran2xun-analysis-replicate. i np  ( e.g. vtran2~un-craixl . i np  ). This in- 
put file should contain data in two columns. Theafirst column lists flow field 
names according to the convention used for the modf low runs in the Task 3/AP- 
100 [23]. This narne'is passed to vtran2 in its bud9 i l e  argument. For each 
item in the first column, the second column gives the name for that flow field 
used in the Run Control System (RCS) that executes the transport calcula- 
tions on the VMS cluster [21]. This name is passed to vtran2 in its t r n f  i l e  
argument. 

In order to process the velocity files, vtran2xun assumes a particular (rel- 
ative) directory structure. If Ccwd] is the current working directory, then 

1. The vtran2xun script, as well as the v t r a n 2 ~ u n  input .file and vtran2 
command file must reside in [cwdl . 

2. When v t r a n 2 ~ u n  executes, it will place its log file in Ccwdl. 

3. The rnodf low output files are located in' [cwd . bud9 i l e s  . Rx] where x is 
the replicate number. 

4. The vtran2 output files are placed in Ccwd. t r n f  i l e s .  Rxl where x is 
the replicate number. 

5. The vtran2 diagnostic files are placed in Ccwd. dbgf  i l e s  .Rxl where x 
is the replicate number. 

Examples of the directory structure, input files, and output filds are shown in 
Figure 4 and Table 1. 

2.4 Results 
The velocity extraction process was executed on the WIPP Alpha Cluster. The 
DCL script v t r an2run .  corn was run once for each replicate. Each run of the 
script executed the vtran2 code for both full and partial mining scenarios for 
all 100 vectors in the replicate. A vtran2 command file and a VTRAN2JtUN 
input file were prepared for each replicate. These files, along with the log file 
from each run are included in Appendix B. 
0 roLr, exec- t rUes ,  ~ t r ; ~ k s ,  ;,Put- a& o d r - +  

sSoq e& ;r\ CM J \ ib<er j  
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[f l ow3  i e l d s  . bud2 i l e s .  rll 
[f lowf  i e l d s  . budf  i l e s  . r21 

Table 1: v t ran2xun script, input and output files 

v t ran2xun-cra lx2 .  inp I vtran-2xun input file for replicate 2 
v t ran2xun-cra lx3 .  inp I vtran-2xun input file for replicate 3 

Directory 
[f low2 i e lds l  

vtran2xun-cralxl . log 
v t ran2xun-cra lx2 .  l o e  . 

File 
v t ran2xun.  com 
vtran2xun-cralxl .  in^ 

v t ran2xun-cra lx3 .  log 
vtran2-cralxl . cmd 

Description 
DCL script to run vtran2 
vtran-2xun i n ~ u t  file for re~licate 1 

vtran2-cralx2.  cmd 

v t r a n 2 x u n  log file for replicate 1 
v t r a n 2 x u n  log file for replicate 2 
vtran-2xun log file for replicate 3 
vtran-2 command file for replicate 1 
vtran-2 command file for replicate 2 

I vtran2-craix3.  cmd I vtran-2 command file for -replicate 3 1 
. - 

dddrrrmrl . out 
dddrrrmr2. out 

[f l ow3  i e l d s  . bud3  i l e s  . r31 
[f lowf  i e l d s  . t r n f  i l e s .  rll 

d d d r r m 3 .  out 
mf 2 k - c r a l x l f  fff-mm. t r n  I 

[f lowf  i e l d s  . t r n f  i l e s  . r21 
[f lowf  i e l d s  . t r n f  i l e s .  r31 
[f lowf  i e l d s  . bud3 i l e s  . rl] 
[f lowf  i e l d s  . bud3 i l e s .  r2] 

mf 2k -c ra lx2 f  fff-mm. t r n  I 
mf 2k-c ra lx3 f  fff-mm. t r n  I 
mf 2 k - c r a l x l f  fff-mm. t r n  1 
mf 2k-c ra lx2 f  fff-mm. t r n  I - - 

[f lowf  i e l d s  . bud2 i l e s  . r31 I mf 2k-c ra lx3 f  fff-mm. t r n  I 
Note 1: dd E [Ol, 221, TT E [Ol, 101 as described in Analysis Report for tasks 2 & 3 of AP-100 [23] 
Note 2: f f f E [001,100] 
Note 3: m E [f,p] 



pawork : [shared. j f kanne . wrk . cral-cilebra-transport. f low-f ields] 

- [bud-f iles] 1 i;; 
-[trn-f iles] 1 :::: 

[r31 

-[dbg-f iles] 

Figure 4: Directory tree for v t r a n 2 ~ u n  

3 Scaling For Climate Change (Task 5) 

3.1 Objective 

. ' The objective of Task 5 is to incorporate effects of potential. future climate 
change into the modeling of radionuclide transport in the Culebra. 

3.2 Background 

The 1996 WIPP Compliance Certification Application (CCA) [ll] discusses the 
effect of potential future climate change on groundwater flow and radionuclide 
within the Culebra formation. In summary, it concludes that the regional effects 
of climate change may be reasonably approximated through the direct scaling of 
the twedimensional, steady state groundwater velocity field used in the Culebra 
transport modeling. The scaling factor is treated as an uncertain parameter in 
the probabilistic modeling of the repository performance. 

3.3 Approach 

Since the climate index is an uncertain parameter, a sampled value is assigned to 
each vector and replicate by the LHS suite of codes (See Figure 5 and Table 2 for 
a summary of the codes and data flow for the transport calculations). The value 
of the climate index is stored in the CAMDAT database variable CLIMTIDX. 
This CAMDAT variable name is made known to the secotp2d suite of codes 
through the presecotp2d run control parameter CLIMATE, specified in the 

14 



presecotp2d input file (A sample presecotp2d input file is provided in Ap- 
e .. 

pendix C). 
The presecotp2d code reads the value of CLIMTIDX from the input CAM- 

DAT database file, performs the scaling, and writes the scaled velocities to an 
output velocity file. The velocity file is then used as input to the secotp2d code 
which performs the actual transport calculations. 

3.4 Results 

Because scaling the flow field for climate change is incorporated into the secotp2d 
code suite, no separate results need to be discussed h:re. 



Table 2: Primary Codes used in Culebra Transport Calculations 
Code  N a m e  Purpose  I n p u t  File(s) P r i m a r y  O u t p u t  File(s) 
genmesh Creates grid. Run once. gmst2d-cral.inp gmst2d-cral.cdb 
matset Sets material regions and extracts msst2d-cral.inp msst2d-cral .cdb 

constant parameters from sec- gmst2d-cral.cdb 
. ondary database. Run once. 

prelhs Creates l h s  input file. Run once lhslst2d-cralRx.inp lhs ls t2d~cra l~t rnRx.out  
per replicate lhslst2d-cral&.out 

l h s  Performs Latin hypercube sam- lhslst2d-cral-trnRx.out lhs2st2d-cral~trnRx.out 
pling of uncertain parameters. 
Run once per replicate. 

post lhs Distributes l h s  sampled values to lhs3st2d-cral.inp lhs3st2d-cralAxRnnn,cdb 
individual CAMDAT data base lhs2st2d-cral-trnR,x.out . 
(CDB) files. Run once per repli- msst2d-cral.cdb 
cate. 

algebracdb Run 100 times per replicate algst2d-cral.inp algst2d-cralax-Vnnn.cdb 
lhs3st2d-cralAxRnnn.cdb 

r e l a t e  Consolidates all parameters into relst2d-cral.inp relst2d-cralRx-Vnnn.cdb 
single material block. Run 100 gmst2d-cral.cdb 
times per replicate algst2d-cral&-Vnnn.cdb 

presecotp2d Configures transport simulation, st2d-cral.inp st2d2-cralR,x-Vnnn-mM.inp 
scales velocities, assigns param- mf2k-cralpfff-mM.trn st2dl-cralRx-Vnnn-mM.prp 
eters, sets boundary conditions, relst2d-cral3x-Vnnn.cdb st2dl~cralRx~Vnnn~mM.vel  
and defines sources. Run 100 
times per replicatelmining type 
combination 

secotp2d Performs transport simula- st2d2-cralRxVnnn_mM.inp st2d3-crala-Vnnn-mM.bin 
tion. Run 100 times per repli- st2dl-cralRxVnnn-mM.prp 
catelmining type combination st2dl-cralR~Vnnn_mM.vel 

postsecotp2d Translates secotp2d output to st2d3-cralkVnnn_mM.bin st2d3-cralRx-Vnnn-mM.cdb 
CDB format. Run 100 times relst2d-cralRx-Vnnn.cdb 
per replicatelmining type combi- 
nation 

Note: x=1 ,2 ,3 ;  n n n = l t o 1 0 0 ;  m = P , F  
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Figure 5: Flow Chart for Culebra Transport Calculations 



4 Radionuclide Transport Calculations (Task 6) 

4.1 Objective 

The objective of Task 6 is to calculate radionuclide transport through the Cule- 
bra using the flow fields obtained in Task 5, along with the appropriate physico- 
chemical data obtained from the WIPP parameter database. 

4.2 ~ a c k ~ r o u n d  

The Culebra is a 7.75 meter thick fractured dolomite with nonuniform proper- 
ties in both the horizontal and vertical directions [16]. There are multiple scales 
of porosity and permeability within the Culebra ranging from microfractures to 
potentially large vuggy zones. Flow occurs through fractures, vugs and, to some 
extent; through intergranular pores. The large permeability contrast between 
the different scales of inter-connected porosity suggests a dual porosity concep 
tualization consisting of advective porosity (also referred to as fracture porosity) 
and diffusional porosity (also known as matrix porosity). The advective poros- 
ity is thought to consist of the void space contained in the highly transmissive 
portions of the rock such as large open fractures and/or interconnected vugs. 
The diffusional porosity represents the inter- and intragranular porosity and 
may also include microfractures and/or vugs. Tracer tests conducted at the 
WIPP site demonstrate both advective transport and matrix diffusion [36]. 

Although the Culebra properties vary in the vertical direction, the error 
introduced by modeling the Culebra in two rather than three dimensions has 
been determined to be negligible for the objective of these calculations [9]. 

4.3 Approach 

The Culebra radionuclide transport calculations are performed using secotp2d, 
a two-dimensional dual porosity transport code developed to simulate radionu- 
clide transport through fractured porous media [42, 431. The secotp2d code 
assumes a parallel plate type fracturing where fluid flow is restricted to the ad- 
vective continuum (fractures) and mass is transferred between the advective and 
diffusive (matrix) continua via molecular diffusion. The dual porosity conceptu- 
alization is illustrated in Figure 6 .  Retardation is permitted in both the advec- 
tive and diffusive domains assuming linear equilibrium isotherms. Radioactive 
decay is accounted for through the use of multiple straight decay chains. 

4.4 Road map of the Transport Calculations 
The secotp2d solute transport code is used in conjunction with a preprocessor 
(presecotp2d) and a postprocesser (postsecotp2d). In addition, a set of utility 
codes is required to define the mesh, set material properties and deterministic 
parameters, and sample the distributions for uncertain parameters. These codes 
are described in Table 2, and the flowchart in Figure 5. All of these codes are 
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located in the WIPP Software Configuration Management System (SCMS) and 
are run on the WIPP Alpha Cluster. 

All codes used in the analysis, with the exception of vtran2, are qualified 
per NP 19-1. As required by NP 9-1, a listing of the source code and code 
verification are included in Appendix A of this document. 

4.4.1 Governing Equation for Advective Continuum 

The secotp2d code solves the following partial differential equation (PDE) for 
radionuclide transport in the advective continuum 

where k is a species index, Ck is the unknown concentration of the kth radionu- 
clide in the advective continuum (kg/m3), v is the specific discharge vector 
(mls), Dk is the hydrodynamic dispersion tensor (m2/s), d, is the advective 
porosity (dimensionless), Rk is the retardation coefficient (dimensionless), X k  
is the radioactive decay rate constant (s-l), Qk is the specific injection rate 
(kg/m3/s), and F k  denotes rate of mass transfer to the advective continuum 
from the diffusive continuum, per unit volume (kg/m3/s). 

The concentration Ck is defined as the mass of the kth radionuclide per 
unit volume of pore fluid. The advective porosity, d,, is defined as the ratio of 
the advective pore volume to the total or bulk volume. Similarly, the specific 
injection rate is defined as the rate of mass injected per unit bulk volume. Terms 
involving k - 1 are omitted for the parent of the decay chain (k = 1). Eq. (7) is 
linear in Ck ,and is solved simultaneously for all species in a given decay chain 
(k = 1,2,. . . , N), where N is the number of species in the decay chain. 

The flow field given by v is assumed to be independent of the solute con- 
centration. In practice, the flow field is obtained from a groundwater flow code 
(modf low in this analysis). 

The product d,Dk in Eq. (7) is defined as 

where a ~  is the longitudinal dispersivity of the advective continuum (m), c r ~  
is the transverse dispersivity (m), u and v are the x- and y-components of the 
specific discharge vector (mls), D; is the free water molecular diffusion coeffi- 
cient (m2/s), and T is the advective tortuosity defined ai the ratio of the fluid 
particle flow path length to the length of the porous medium (dimensionless). 

The retardation coefficient Rk is defined by 





where p, is the Culebra Dolomite grain density (kg/m3) and (kd)k is the distri- 
bution coefficient (/m3/kg) which completely describes the linear isotherm for 
radionuclide sorption to the Culebra. 

4.4.2 Governing Equation for Diffusive Continuum 

The secotp2d code also solves the following one-dimensional PDE for radionu- 
clide transport in the diffusive continuum 

aq - 2 (4fo;Z) - 4 f R ; ~ ; ~ ;  + 4fR;-lA;-lC~-l (10) 4% - ax 
Ck is the unknown concentration of the kth radionuclide in the diffusive contin- 
uum (kg/m3), x is the spatial coordinate as shown in Figure 6, and DL is the 
matrix diffusion coefficient. The matrix diffusion coefficient is defined as 

DL = T'D; (11) 

where T' is the matrix tortuosity. All other symbols in Eq. (10) have the same 
meaning as those in Eq.(7) except that the prime denotes diffusive continuum 
properties. 

4.4.3 Coupling between the Advective and Diffusive Continua 

The governing equations for the advective and diffusive continua are coupled 
through the mass transfer term, I?k. Applying Fick's law at the interface between 
the two continua results in the following equation for mass transfer: 

I?k = -2 b (4tDL 2 l X = J  (12) 

where B is the matrix half-block length (m),  b is the fracture aperture (m), the 
terms in parentheses represent the mass flux per unit area of contact between 
the advective and diffusive continua and the term 2$/b represents the specific 
surface area (ratio of surface area to bulk volume) of the coupled system. In 
the parallel plate formulation, the fracture aperture b is defined by 

4B b=- 
1 - 4  

4.4.4 Parameters and Data Sources 

Tables 3 and 4 list the deterministic parameters and uncertain parameters, re- 
spectively, used in this analysis, along with the sources for their values/distributions. 

4.4.5 Sources 

In this analysis, we calculate the transport of each radionuclide over a 10,000 
year interval due to the action of a source which injects a total of 1 kg at the 
center of the transport domain over the first 50 years of the simulation. 



Table 3: Constant Parameters Used in Culebra Transport Calculations 
Material  I P r o ~ e r t v  I D e s c r i ~ t i o n  I Uni t s  I Value I Reference 

A " ~~- - -  - - . - - - - - - - - - 

CULEBRA DISPL Longitudinal Dispersivity m 0.000000e+00 [24, 29, 31, 301 
CULEBRA DISPTL Transverse Dispersivity m 0.000000e+00 124, 28, 29, 31, 

-. 3 - 1  

CULEBRA FTORT Fracture Tortuosity 1.000000e+00 [52] 
CULEBRA DTORT Diffusive tortuositv 1.100000e-01 132. 351 
CULEBRA I SKINRES Skin resistance 0.000000e+00 i53; 54j 
CULEBRA I DNSGRAIN Material grain density kqlmole 2.820000e+03 11, 7, 24, 271 . - , - .  1 1 . .  1 

REFCON I YRSEC I Seconds ~ e r  vear I s 1 3.155693e-kO7 1 125. 511 . u - ---.. . - L - 1  - ,  
AM241 ATWEIGHT Atomic weight of 241Am kg/mole 2.410570e-01 [15, 25, 471 
AM241 HALFLIFE Half-life of "lAm s 1.364000et10 124. 44. 471 
PU239 ATWEIGHT Atomic weight of 2 3 9 ~ ~  kg/mole 2.390520e-01 i15: 25: 4 3  
PU239 HALFLIFE Half-life of Pu  s 7.594000etll 124. 44. 471 . . 
TH230 ATWEIGHT Atomic weight of 2"Th kglmole 2.300330e-01 i15, 25, 47j 
TH230 HALFLIFE Half-life of T h  s 2.430000e+12 [24, 44, 471 
U234 ATWEIGHT Atomic weight of 234U kalmole 2.340410e-01 115. 25. 471 - ., , ~ ~ , - >  - 3  

U234 HALFLIFE Half-life of 234U s 7.716000e+12 [24,44,47i 
AM+3 MDO Pure liquid diffusion coefficient m2/s  3.OOOOOOe-10 151 

I , L ,  

P u t 3  I MDO i Pure liduid diffusion coefficient i m<s I 3.OOOOOOe-10 1 151 -~ - - - - -  - 
L - 1  

PUS4 MDO Pure liquid diffusion coefficient m2/s  1.530000e-10 [5] 
TH+4 MDO Pure liquid diffusion coefficient m2/s  1.530000e-10 [5] 
U+4 MDO Pure liquid diffusion coefficient m2/s  1.530000e-10 [5] 
U+6 MDO Pure liquid diffusion coefficient m2/s  4.26OOOOe-10 151 



Table 4: Sampled Parameters Used in Culebra Transport Calculations 
Material I Property I Description I Units I Distribution I Range I Median I Reference 

CULEBRA I APOROS I Advective Porositv I loguniform I 11.00e-04, 1.00e-021 I 1.00e-03 1 127, 37, 38, 481 - .  - 
CULEBRA DPOROS Diffusive Porosity cumulative j1.00e-01; 2.50e-01j ' 1.60e-01 i27, 34; 481 ' 

CULEBRA HMBLKLT Half-matrix block length m uniform [5.00e-02, 5.00e-011 2.75e-01 [27, 33, 37, 38, 
481 

I I I I I I I ,  

GLOBAL I OXSTAT I Oxidation state index I uniform I [O.OOe+OO, l.OOe+OO] 1 5.00e-01 1 [8, 18, 45, 46, 55, 
481 

GLOBAL CLIMTIDX Climate index cumulative [l.OOe+OO, 2.25e+00] 1.17e+00 [lo, 27. 481 
AM+3 MKDAM Matrix Kd of 241Am m v k g  loguniform [2.00e-02, 4.00e-011 9.00e-02 [4, 3, 6, 26, 40, 

48, 491 
PU+3 MKDPU Matrix Kd of "'Pu m v k g  loguniform [2.00e-02, 4.00e-011 9.00e-02 [4, 3, 6, 26, 40, 

481 
- 1  

PU+4 MKDTU Matrix Kd of 239Pu m v k g  loguniform [7.00e-01, l.OOe+Ol] 2.60e+00 [4, 3, 6, 12, 26, 
40, 48, 491 

TH+4 MKD-TH Matrix Kd of 230Th m y k g  loguniform [7.00e-01, 1.00e+01] 2.60eS00 [4, 3, 6, 12, 26, 
40, 48, 491 

US4 MKD-U Matrix Kd of 234U m3/kg loguniform [7.00e-01, 1.00e+01] 2.60eS00 [4, 3, 6, 12, 26, 
40, 48, 491 

US6 MKD-U Matrix Kd of 234U m3/kg loguniform [3.00e-05, 2.00e-0021 7.70e-04 [4, 3, 6, 12, 26, 
40, 48, 491 



4.4.6 Initial Condit ions a n d  Boundary  Condit ions 

Initial Conditions. In this analysis, the initial condition for both continua 
is that of zero radionuclide concentrations throughout their respective domains: 

CL(x,O)=O VXECI' (15) 

where 0 and R' are the spatial domains of the advective and diffusive continua, 
respectively. 

Ma t r ix  Bounda ry  Conditions. The center of matrix blocks is a symmetry 
boundary, so we must have 

At the interface between a matrix block and a fracture, the concentration in the 
diffusive domain must be equal to that of the advective domain: 

where B is the matrix half-block length (m) as defined in Figure 6. 

Frac ture  Bounda ry  Conditions. In this analysis, the boundary conditions 
for the advective domain are set automatically by secotp2d, using the direction 
of the flow field to set the boundary condition type. At boundary locations where 
the flow direction is outward and therefore leaving the computational domain, 
a zero concentration gradient Neumann boundary condition is imposed. At 
boundary locations where the flow is inward, a zero concentration Dirichlet 
boundary condition is used. 

4.5 Spatial Domain and Discretization 

The spatial domain used for the transport calculations is shown in Figure 7 in 
relation to the groundwater modeling domain and the WIPP land withdrawal 
boundary (LWB). The UTM coordinates for these entities are given in Table 5. 

The physical domain used in the transport calculations is a subregion of that 
used for the groundwater flow calculations. This subregion is approximately 7.5 
km by 5.4 km, aligned with the principle directions of the groundwater flow 
domain. The transport domain extends beyond the boundaries of the WIPP in 
the east-west direction (approximately 250 m in the west and approximately 750 
m in the east). Since the undisturbed groundwater flow direction is generally 
north to south, the transport domain is shifted so that it extends from a point 
midway between the waste panel and the northern LWB to approximately 1000 
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Figure 7: Culebra Groundwater Flow and Transport Modeling Domains 



Table 5: UTM Coordinates of Spatial Domain Features 
Groundwater ~ o d e l i n ~  Domain 

I UTM X fm) I UTM Y (m) 1 
I \ , ,  \ , I  

SW Corner 1 601650 1 3566450 
SE Corner 1 624050 1 3566450 

1 NE Corner 1 624050 
I 

1 3597150 
I I 

. . 

I NW Corner 1 601650 1 3597150 
I I 

WIPP Land Withdrawal Bounda.rv 
1 I UTM X (m) I UTM <(m) I 

Trans~or t  Domain 
UTM X (m) UTM Y (m) 

SW Corner 610250 3577600 
SE Corner 617750 3577600 
NE Corner 617750 3583000 

I NW Corner 1 610250 1 3583000 

m beyond the LWB in the south. The transport calculations use a uniform 
computational grid composed of 50m by 50m cells. 

Spatial discretization of the diffusive (matrix) continuum is accon~plished 
using the .grid stretching algorithm in presecotp2d. The equation used to 
discretize the matrix is 

Ali = Alo(l  + E ) ~  for i = 1, n - 2 

where Ali = AlilB. The total number of nodes, n ,  and the size of the first grid 
block, Ale, are supplied to  presecotp2d, which then computes E such that 

In this analysis, n was set to 20 and Alo was chosen to be le-03. 

4.6 Temporal Discretization 

A constant time step size of 0.5 years was used in this analysis. Thus, the 10,000 
year simulation was computed in 20,000 time steps. 

4.7 Results 

Radionuclide transport calculations for the Culebra were performed with the 
secotp2d code as summarized in the preceding sections. All calculations were 



performed on the WIPP Alpha Cluster. The input files used in the transport ,.,, . > -  

calculations are included in Appendix C. "' "' '.a:y 

The specific quantity of interest in the Culebra transport calculations is the 
cumulative release of radionuclides at  the LWB during the time-span of 10,000 
years in response to unit releases from a point source located at  the center of the 
waste panel area (WPA) during the first 50 years after repository closure. The 
radionuclides transported in the Culebra are 241Am, 234U, 2 3 0 ~ h  and 2 3 9 P ~ .  
234U may be present in ether the U(II1)' or U(1V) oxidation state. 2 3 9 P ~  may 
be present as Pu(1V) or Pu(V1) 

aansport  calculations were performed for both partial mining and full min- 
ing scenarios. The partial mining scenario assumes the extraction of all potash 
reserves outside the LWB while full mining assumes that all reserves both inside 
and outside the LWB are exploited. The effect of mining enters the transport 
calculations through the Culebra flow field computed using the modf low 2000 
program [23, 221. 

Since the 2003 WIPP PA used a total of 300 sample elements (three replicates 
of 100 vectors each) and calculations were required for both full and partial 
mining conditions, 600 Culebra transport simulations were required. Along with 
the input files referenced above, the output (CASMDAT database) files from 
these simulation are stored in the CMS library LIBCRA1-ST2D. The naming 
convention for the CAMDAT database files is: ST2D3-CRAIRx-Vnnn_mM.CDB 
where x E [I, 31, nnn E [OOl ,  1001, and m E [F, PI. 

4.7.1 Partial Mining Results 

Under partial mining conditions, only the 234U species was transported beyond 
the LWB in any significant amount during the course of the 10,000 year sim- 
ulation. Eight to ten vectors in each replicate showed releases of 2 3 4 ~  greater 
than 1638 kg. Only the eight vectors shown in Table 6 had releases greater 
than le-9 kg. Sensitivity analysis indicates that releases of 234U are associated 
with the U(1V) oxidation state. This result makes sense because the distribu- 
tion coefficients for Uranium in the (IV) state are much lower than for the (111) 
state. 

Each vector that showed release of 2 3 4 ~  also showed a release of the 230Th 
daughter product. As the 2 3 0 ~ h  daughter releases observed were due 
to decay of 2 3 4 ~ ,  they were typically six to eight orders of magnitude less than 
the 234U release. 

Only one instance of 2 3 0 ~ h  release not associated with the decay of 234U 
transported to the boundary (i.e., due to the 1 kg 230Th source injected at 
the center of the WPA over the first 50 years) was observed (4.34e-20 kg for 
Replicate R1, Vector V068). 

Only one release of 2 3 g P ~  was obsewed (2.33636 kg, for Replicate R1, Vector 
V052). No releases of 241Am greater than le-38 kg were observed. 



Table 6: Partial Minine: 2 3 4 ~  releases at LWB greater than le-9 ko " I 234U.~ele \se  (kg) I Replicate I Vector I 
1 4.79e-01 I R3 I V054 I 

4.7.2 Full Mining Results 

Under full mining conditions, only the 2 3 4 ~  species was transported beyond the 
LWB in significant amounts during the course of the 10,000 year simulation. 
Twenty-one to twenty-three vectors in each replicate showed releases of 234U 
greater than 1638 kg. Only the eighteen elements shown in Table 7 had releases 
greater than le-9 kg. As for the partial mining results, sensitivity analysis 
indicates that releases of 234U are associated with the U(IV) oxidation state. 

Most elements which showed release of 2 3 4 ~  also showed a release of the 
2 3 0 ~ h  daughter product. As the 230Th daughter product releases observed were 
due to decay of 234U, they were typically six to eight orders of magnitude less 
than the 2 3 4 ~  release. 

Seven to fourteen vectors in each replicate showed very small releases of 
2 3 0 ~ h  due to the 1 kg source injected at the center of the WPA over the first 50 
years. No releases were greater than le-9 kg. The largest releases were 1.42e-10 
kg (Replicate R2, Vector V071), 3.97611 kg (Replicate R3, Vector V065), 4.20e- 
12 kg (Replicate R1, Vector V065), 3.16614 kg (Replicate R2, Vector V098), 
1.73e-15 kg (Replicate R3, Vector V059), and 3.49e-15 kg (Replicate R1, Vector 
V058). 'All other ieleases were smaller than 1617 kg. 

Eight to fifteen vectors in each replicate showed small releases of 2 3 g P ~  
greater than le-38 kg. Only two feleases were greater than le-9 kg. The largest 
releases were 6.15e-6 kg (Replicate k2,  Vector V071), 2.03e-9 kg (Replicate 
R1,Vector V092), 5.12611 kg (Replicate R3, Vector V065), 1.19e-14 kg (Repli- 
cate R3, Vector V075), 2.97e-16 kg (Replicate R3, Vector V059), and 1.13e-16 
kg (Replicate 3, Vector V024). All other releases were smaller than 1618 kg. 

Eleven to fourteen vectors in each replicate showed releases of 241Am greater 
than lk-38 kg. No releases were larger than le-9 kg. The largest releases were 
1.77e-10 kg, (Replicate 1, Vector 92), 1.93e-11 kg (Replicate 3, Vector 65), 
2.99612 kg (Replicate 2, Vector 71), 5.32614 kg (Replicate 1, Vector 65) and 
91.9e-15 (Replicate 3, Vector 75). All other releases were smaller than le-18 kg. 



I - 
Table 7: Full ~ i n i n g  2 3 4 ~  releases at LWB i%ter than le-9 kg 

"4U Release at (kg) I Replicate I Vector I 
9.87e-01 
9.87e-01 
8.89e-01 
7.66e-01 R1 V065 
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Appendix A: vtran2 Utility Code Description 



A. l  vtran2. f Source listing 

C 
C 
C n r o d  - number of rows so l l a  i n  the  mflk g r id  
C ncolmf - number of columns i n  the  milk g r id  
C 
C ~ S X  - number of cells i n  x-dlrsct ion i n  the  st2d g r i d  
C nsy - numter of c a l l s  i n  y-direction i n  th., s t2d g r i d  
C 
C j s h i t r  - x of f se t  of transport  domain (X of c a l l s  i n  col  direction) 
C i eh f ty  - g of f se t  of traneport  domain (X of s e l l s  i n  row direction) 
C 
C 

PmAETEa (nimst - 2. =file-5) 

c l W A m r 8 0  author. data.  t i t l e  

CHUURER*8O f m t ( n i . f )  .rdlmat 
clWAClTX*80 fnmcmd, fnmbud, f m t r n ,  f d b g ,  1-01 

1 m E R  i e r r  
IKIECER iunscr.  i u n d ,  iunbud. iuntrn,  imdbg, iunvel  
IKIECER n f i l s s ,  n f i l a r  
IKIECER n r o d ,  ncolmi, ncx, ncy 
r m c m  i s t a r t .  i a h i f t ,  j s t a r t ,  j s h i f t  
INTEGER match, irdfmt 
DOUBLE PRECISION tima 
DOUBLE PRECISION ayr-in", axr-in", d x ,  dy, & 
WUBLE PRECISION. ALLOCATABLE :: qxin(:.:), w in( : . : )  
DOUBLE PRECISION. ALLOCATABLE : : qxout ( : . :) , w o u t  (: , : ) 

C.....Asaim f i l a  un i t  numbers 

iunesr - 6 
i u n d  - I 1  
iunbud - 11 
lyntrn - 13 
iundbg - 14 
iunval - 16 

C.....Valid budget f i l a  input formats 

c------------------------------------------ 
C.. . . .Process s m a n d  l i n e  (get  f i l e  n-a) 
c------------------------------------------ 

c mITE(iunacr.t) 'VTRUI >> Processing command l i n e '  

C.....Roquired args ( 1 4 )  are fnmsnd, irmbud, fnmrrn, f d b g  
C.....Optional a rg  (6) i s  f w v s l  

CALL fi lcmdlin( p i i los .  n f i l o r ,  filenm ) 

IF ( nfi1-r  .a. Dills* ) 'D(OI 

CALL PAABORT( 'YIRW>> Too many s-and l i n e  arpmonta ')  
ELSE 

I f  ( n i i l a r  .LT. nfi lae-1 ) TWI 
CALL QAABORTt 'VTPAN>> Too law cornand l i n e  arguments') 

ENDIF 
ENDIF 

f n m d  - fllonm(1) 
inmbud - i i l a m ( 2 )  
fnmtrn - iil.nm(3) 
f d b g  - filanm(4) 

If  ( n f i l a r  .eq. p i l l a s  ) TWI 
-"a1 - .trus. 



fnmval - f i l s m ( 6 )  
ELSE 

vr tve l  - . false.  
f m s l  - 'None' 

MOIF 

vr i t s ( iunsc r . t )  'fnmcmd i s  ', fnmmd 
r r i to ( iunss r ,* )  'fnmbud i s  '. fnmbud 
rri te(iunssr , . )  'f-m is I ,  inmtm 
r r i t s ( iunss r ,* )  ' f d b g  is ., f d g  
vri ts( iunscr.*) 'fnmval i s  ', f n w e l  

C.....Opon Diaq.oatisslDobug f i l e  

OPOT (UNIT-iundbg, FILE-fnmdbg. STATUS-'UNKNOYN',IOSTAT-iorr) 
IF  ( i o r r  .NE. 0 ) THDI 

CALL OAhBoRT ('Error opening commd f i l e ' )  
ENDlF 

C..;..Prosess command f i l s  
c------------------------- 

C VRITE(iunssr.*) '\rm*H >> Processing commaad f i l e '  - 

C.....Opon command f i l e  

OPEN (UNIT-iuncmd. FILE-frmmd, STATJS-'OLD'. 
+ RUWNLY,  IOSTAT-isrr) 

IF  ( i s r r  .HE. 0 ) THDI 
VRllE(iundbg,*) 'Error opening command f i l e '  
CALL qAABORT ('Error opening s d  f i l e ' )  

MOfF 

C.....Read from command f i l o  

READ (iuncmd..) 
READ ( i u n d . 1 0 )  author 
READ ( iund . . )  
READ ( i u n d . 1 0 )  da ta  
READ ( iund . . )  
READ ( i u n d . 1 0 )  titl. 
READ ( i u n d , . )  
READ ( i u n d . 1 0 )  rdfmat 
READ ( i u n d , . )  
READ ( i u n d , . )  i s s m  
READ (iuncmd,.) 
READ ( i u n d , * )  nsolmf. nromi  
WD ( i u n d , . )  
READ ( i u n d , r )  jshftx. ishfty.  n u ,  ncy 
READ (iuncmd,.) 
READ ( i u n 4 . r )  d x ,  dy, & 

10 FORILLT(180) 
11 RRILLT(3aOl.3) 

C.....Cloae command f i l e  

CLOSE (UHIT-iunmd,STATUS-TUS-~' )  

C.....Sand d i ~ g n o l i t i s  ouput t o  screen or t o  dobug f i l o  

C.. . . .Echo input . 

20 FOBHAT (1X. 'command f i l e  - ' .A80/ 
+ 1X. 'budget f i l e  - ' ,A801 

IX. '(binary) v s l ~ c i t y  t r ans fe r  f i l e  - ..A80/ 
+ IX. 'diagnoatic/debug f i l e  - ' .A80/ 

1X. ' (aacii)  velocity o v t p t  f i l a  - '.A80 
+ ) 

WtIlE(iunasr.sO) author, date,  t i t l e ,  rdfmat 
YRITE(iunssr,lOO) i s c m ,  ncolmf. nroumf, 

jahftx,  i sh f ty ,  nsr, nsy. 
dr, dy, dz 

50 FORUAT(1X.' author - ' A801 
+ l x , '  da te  - ',A801 
+ 1X.' t i t l e  - '.A80/ 

IX.' format - '.A80 
+ ) 

100 RRIUT(1X.' i.cm - '.is / 



lx,'ncold -',is/ 
1X.' nrovmi - ',is / 
11.' jshftx - '.is 1 
iX,' ishfty - '.is / 
iX.' nsx - ',is / 
1X.'.CY -',is/ 
lX,' dx - ',a10.4 / 
iX,' dy - '.010.4 / 
1 ,  d I ..a10.4 

) 

C.....Aasign correct format nubar 

irdfmt - 0 
match - 0 
DO i-l.nfmat 

IF( LLE(rdfmat.fmat(i)) .MID. LLE(fmat(i).rdfmat)) THEN 
irdlmt - i 
match - 1 
M D I F  

WDDO 

IF ( m a t h  .no. 1 ) THOl 
hXITE(iunacr,.) 'Invalid input fomat' 
CALL QMBORT ('Invalid input format') 

WDIF 

mITE(iunscr, 160) irdfmt,'rdfmat 
160 ~oRHLT(lx,'Using input foroat ('.iZ. ') - ',A801 

C.....Sanity shack. Sinso ghost cells are added, we m e t  have: 
C.....jshftx * 1 and iahifty * n c p l  

IF ( jshftx .LT. 1 ) THEN 
YRITE(iunecr.*) 'Invalid jshftx value' 
CALL QUBORf ('Invalid jehftx value') 

ENDIF 

IF ( ishfty .LT. (ncgil) ) THEN 
vnIn(iunscr.t) 'Invalid ishfty value' 
CALL QMBORT ('Invalid ishfty value') 

M D I F  

c.. . . .nIU grid is (1:ncolmi.l:nrod). 
C.....Choat solla placed around tranoprt d m i n ,  ao ST20 grid is 
C.....(O:nsx.O:ncy). Thus qrout and qyout are paddad to account for 
C... ..required ghost sells 

IF ( ierr .HE. 0 ) THM 
URITE(iunssr,*) 'Error allocating memory' 
CALL QMBORT ('Error allocating mawry') 

WDIF 

c--------------------- 

C.....Reed budget fils 
c--------------------- 

YRITE(iunssr.*) 'VTRUI w> Reading budget fils' 

OPEN (UNIT-iunbud, FILE-fmbud, FOM-'FOFS4AIW.D'. 
STANS-'OLD'. IOSTAT-isrr) 

IF ( iarr .HE. 0 ) THEN 
UR1TE(iunssr,.) 'Error .,paning budget fils' 
CALL QMBORT ('Error opening budget file') 

WDIF 

W i-1,nroMf 
RUD(iunbud,rdfmat) (qxln(j,i),j-i,ncoM) 

om 00 
RUD(iunbud..) 
W i-1,nrovmi 

RUD(iunbud.rdfmat) (wln(j .i) .j-l.ncohf) 
MDW 



CLOSE (WIT-iunhud.STAiWS-'KEEP') 

C.....hdgst file contains volume fluxes. so must divide 
C.....by area of csll iacs perpandicular to flow direction 
C.. . . .to gat specific discharge (darsy velocity) 
C.....X direction 

C.. ... Y direstion 

C.....Now grab velocities for internal calla and ghost colla. 
C.....Lat (1.m) be indices of the S R D  grid cslls, ranging from 0:nsxrl 
C.....and O:ncy+l, repssctiraly. Yo mulit compute the sorreaponding 
C.....WFW indices. The computed m i 2  indicas m a t  account for: 
C..... 1) Tho offaat of the SM grid origin 
C..... 2) Tha oppoaeita esnco of the y-coozd in the tu. mnahos 
C..... 3) SM face-cantered velocities of a given sol1 are defined 
C..... at the trailing adgas of colla (defined according to sense of 
C..... tho SM area) while tho W2K face-centered velocities are 
C..... defined at tho "right" and "front* faces of the sell. 

W aO,ncy+l 
W 1-0,nsxtl 

j - jshitr + 1 
i - ishfty + 1 - m 
qxout(1.m) - qrin(j-1.i) 
qyout(1.m) - qyin(j.i) 

DmW 
, END DO 

C.... For SM, face centerad volositiee defined at trailing edges 
C of sells. Ghost calla are placed around the computational domain. 
C hut cells on left and bottom do not have defined velocities asaosiatsd 
C with them. Conaidor tho x-dlmsnsion vith limite [O.xiI, with nsr 
C regular calla and a ghost call on each side of the domain. Than 
C u(0.m) is not defined, 
C u(1.m) - u at x-0, and 
C u(nsr+l.m) - u st xl 
C Similarly. Consider the y-dimsnsion vith limits [O,yll, vith nsx 
C regular cslls and a ghost csll on ossb side of the domain. Than 
C ~(1.0) is not defined, 
C v(l,l) - v a t  p O ,  and 
c "(1,ocyrl) - v a t  yl 
C.....Zero out the undefined somponenta 

C.....Changa eign of y-valocitisa. ltodlfow convention is that 
C.....flo~ ie positive in direction of insrewing row number.. 
C.....ht row numbers increase in negative y-diraction. 

W m-O.nsy+l 
W 1-O,nsx+l 

qyout(1.m) - -qyout (1,m) 
EnDW 

Dm DO 

c--------------------------------- 
C.....t!rita velocity tramafar file 
c--------------------------------- 



YRITE(iunscr..) 'YIRUI DD Writing velocity transfer file' 

C_.._.Upn the ill- 

O P M  (UNIT-iuntm, FILE-fnmtrn. FOW-'WFORILITIED', 
+ STAM-'UHI(NOVN'.IOSTAT-iarr) 
IF ( iarr .NE. 0 ) MEH 

YRIlE(iunacr.*) 'Error opening velocity transfer file' 
CALL QMEORT ('Error opaning velocity tr-fer fils') 

DIDIF 

C.....Vrita the following lina because sf16 vrota it and 
C.. . . .st2dl oxposte it (but d w e  not use them) 

C.....Vrita velositiss to ovtput file. Inelude tho undefined 
C.....somponsnts, since SnDI expects them. (ST2DI reads 
C.....them in, but does not writs them to the velocity file 
C.. . . .it passea to S M Z )  

C.....Cloao output Sila 

CLOSE (UNIT-iuntm.STAm-'KEEPP) 

c------------------------------------- 
C.....Write aacil velocity output fils 
f------------------------------------- 

URITE(iunssr.*) 'YTWI >> Writing aacii velocity output file' 

C. .... Open the file 

IF ( iorr .NE. 0 ) MM 
VRITE(iunscr,r) 'Error opaning aasii velocity output file' 
CALL QUBORT ('Error opening assii velocity outpuit file') 

EHDIF 

C.....YTita the lolloving lina barausa afZd wrote it and 
C.....etZdl expects it (but does mot use them) 

tino - O.d0 
YRITE(iunva1,ZW) ncx. nsy, t i w  

zoo FO~T(Ir.2(i5,2x),oi6.8) 

c.....write ve1ocitiee to output file 

C.....Clons output file 

C------------- 

, c.. . . .Clean up 
c------------- 

YRITE(1unacr.r) 'V7RLN >> Nomal Completion' 
CLOSE (WIT-iundbg.STAm-'KEEPP) 



C Sigral normal completion 

S m p  'WRNI >> N o d  Completion' 
om 



A.2 v t r an2 run .  corn Source listing 
$! Uns-nt tha  next tw line. and tho " j d  - " l i n e  near the end ef 
$! t h e  s c r i p t  t o  tu rn  on tracing 
9 
$ 1  saved-image - f$saviromst("VERIFY-IMGE") 
$ 1  savedgros  - f$verify("true") 
$ 
$ display - "writs  sys$output* 
8 aak - "road sye$comond /prompt-" 
$ 
st--------------------------------------- 
$! Sat  foreign s-and for v t r m  

$! show symbol vsl trn-ela 
I 

$ I  Trap fo r  incorr.ct usage 
$I-------------------------------------- 

¶ 
$ i f  p i  .sqs. "" .or p2 .eqs. "" 
$ . the. 
8 display "Ussgs: vtranl-run analysia r ep l i ca te  [debug]" 
8 display "Example: Uranl-run cral Rl d" 
8 e x i t  
$ ondif 
¶ 
¶ 
s 
8 
$!--------------------------------------- 

a! Set  i d e n t i f i e r  
$!--------------------------------------- 

8 
$ analysis  - fSodit(p1, "UPCASE") 
8 rap l i ca ta  - fSadit(p2,"UPCASE.) 
$ 
¶ caas - ana lys i s  + "-" + rep l i ca te  
II 
S debug - "F* 
s i f  ( p3 .*as. --) then debug - "T" 
8 
$ 
$,--------------------------------------- 

$! Sot sutdirostory variables 
so--------------------------------------- 
$ 
$ th i s -d i r  - fStmlrm("eys$disk.) + f$diractoryO 
$ s t r - l sn  - f$langrh(this-dir)  
t thin-dir-c - i t e x t r a c t (  0,atr-lsn-1,thi.-dir) 
$ 
s i f  ( debug) 
$ then 
$ display "thia-dir  - ". th ia -d l r  
$ display .this-dir-c - ", thin-dir-c 
S endif 
$ 
$ bud-dire- - "BUD-FILES" 
$ bud-dir - "[.* + bud-dir_aame + "." rep l i sa ra  " I "  
$ bud-dir-spec - this-dir-s  + "." + bud-dir-name t "I" + rap l i ca ta  + ".DIR" 
$ bud-dir-path - this-dir-s  "." + bud-dir-n- t "." t rep l i ca te  + "I" 
s 
$ i f  ( debug) 
S then 
I display " " 
S display "bud-dlr - ', bud-dir 
$ display "bud-dir-eps - ', bud-dir-sps 
$ display "bud-dlr-plth - ', b u d - d i r p t h  
I andif 
$ 

. I tm-dlr-nams - "IW-FILES" 
8 trn-dir  - "[." + tm-dir-name + "." + rep l i ca te  + 'I" 
S t m - d i r - a p s  - this-dir-s  + "." + tm-dir-name + " I "  + rap l i sa to  + '.DIR" 
S trn-dir-path - thia-dir-c + ".' tm-dir-name + "." + rep l i ca te  t " I "  
s 

i f  ( debug) 
then 

display " " 
display " tm-d i r  - ', t m - d i r  
dieplay "tm-dlr-spec - ", em-d i r -epc  
display "tm-dir-path - ", tm-dir-path 

andlr  

dbg-d i r -ma  - "DUG-FILES" 
dbg-dir - "[. * + dbg-dir-nomo + "." + rep l i ca te  + "I' 
dbg-dir-*PC - this-dir-c t "." + dbg-dir-name + "I" + rep l i ca te  + '.DIR" 
dbg-dir-path - this-dir-c + "." + dbg-dir-name + ".I rep l i ca te  + 'I" 



$ 
$ i f  ( dobug) 
$ then 
$ display " " 
$ display "dhg-dir - ", dbg-dir 
$ display "dbg-dir-spec - ", dbg-dir-epos 
8 dinplay "dbg-dir-path - ", dbg-dir_parh 
$ endif 
$ 
$! Check tha t  the  required d i rec to r ies  ex i s t  
$ 
$ i f  fSssmch(bud-dir-spec) .oqs. "" 
$ then 
8 display "directory ", bud-dir. * does not ex i s t "  
$ ex i t  
$ sndif 
S i f  fSsoarsh(trn-dir-spec) .eqs. ". 
$ then 
S display "directory ". tm-d i r .  " doae not ex i s t "  
$ ex i t  
$ sndif 
S i f  fSssarch(dhg-dir-sped .oqs. -" 
$ then 
I display "directory ", dbg-dir. " d w s  not ex i s t "  
t ex i t  
S sndif 
S * 
S! Sot f i l e  rrariablas 
$I--------------------------------------- 

$ 
S! s m n t  character i n  v t r d - r u n  input f i l o  
$ vtran2-run-comment-chm - "!" 
S 
S! vcranz-run input r i l e  
$ vtran2_-inp - this-dir  + "YTW12-RUN-" + sass + ".INPM 
4 

. . 
S display "v t rd - run- inp  - ". v t r d - r u n - i n p  
S andil 
s 
$ i f  fSsearch(vtran3-w-inp) .eqs. *"  
$ then 
$ display " f i l e  ", vt rd- run- inp .  " d w s  not ex i s t "  
$ ex i t  
$ endif 
$ 
$ 
$! vtran2-run log f i l o  
$ vtrd-run-log-name - this-dir  + ~YIRW2_RVU-" + case + *.LOC" 
$ 
$ i f  ( debug) 
$ than 
$ display " ' 
S .  display "vtran2_run_log_nmne - ", wrd-rue-log-name 
t andif 
$ 
t 
$1  vtran2 command f i l e  
$ vtran2-adpame - "YIRWZ-" + case + ".am" 
$ vtrd-cmd-path - this-dir  + vtran.2-cmd-name 

$ than 
$ display " " 
8 display " v t r d - a d - p a f h  - ", e r a - c m d - p a t h  
$ andif 
8 
s 
$ 
$! h e  f o r  t rans fe r  f i l e  names 
S f h a  - "WZK-" + saso + *-" 
$ 
0 
$! ex i t  
$ 
S! 

$!Wen log f i l e ,  =its t i m  stamp and header 
st------------------------------------------ 
$ 
$ opon/urito vtran2-run-log-rile 'vtrd-run-log-name 
$ 
$ write v t rd - run- log- f i l e  " " 
S ur i to  vtraru-run-log-silo " s ta r t ing  1.s stamp: -, i t t i m o o  
$ writ. vfran2_run-log-fila " " 
$ 

$ writs v t r d - r u n l o g _ f i l e  "vorking d i r  - ", thia-dir  





$ display "bud-n- - ", bud-name:." 
$ display " f f p -  - ", if-=me,"." 
$ ondif 
S 
$ d-fname - vtran2-d-n- 
S cmd-fpath - vtrao2-&-path 
S bud-fname - budeama + ".Om" 
$ bud-fptb - bud-dir + bud-fnaw 
S tm-fname - fbass + ff-nma +.".TRH" 
$ t m - f p t h  - tm-di r  + tm-fname 
S dbg-fname - "vtran2-" + case + "-" + if-nsma + ".DBC" 
$ dbg-fpath - dbg-dir + dbg-fnsme 
S 
$ i f  ( debug) 
$ then 
S display 'vtran2 d - f i l s  - ', d - f p t h  
S display "vtran2 bud-file - *, bud-fpath 
$ display "vtran2 tm-f i le  - ", trn-fpath 
$ display .vtran2 dbg-f ils - *, d b b f p t h  
$ andif 
r) 
$ vtran2-era 'cmd-fpth 'bud-fpth ' t m - i p t b  'dbg-fpth 
S 

S i f  ( debug) 
5 then 
$ read sya$c~and/prompt-"pres8 return" jvnt 
$ display "Leaving pros_lins" 
$ andif 
: 
$ return 



A.3 Sample vtran2 Command File 
author 

Joseph F. Kannsy . date 
2003 09 24 . title 
CRI1-Rl Vtran2 cornand file 

- r inpYt fo-t type 
(44Oa16.8) 
t iscrn > 0 will print to screen, othervise to dbg file 
0 
*  sol nrov 
448 614 . jshftx iahfty sex ncy 
172 391 160 108 
* d I d y d z  
60 60 4 



A.4 Sample vtran2xun. corn Diagnostic File 
cornand f i l e  - P A m :  [S~.m(*IINE.URK.CR*11~RLRL~SPORTTn.M9IELDS]VTRUVTRUCRL11R1.m 
budget f i l e  - [.BVo-FILES.R11WlRO2PR1 .m 
(binary) velocity trmsfar f l l s  - [ .7RW-F1LES.R11~K-C~11R11FO011P~ TRN 
diagnostisldobug f i l e  - [.DBG~FILES.Rllvtr~~CRI1Rl~F001~Pn.DBG 
(ass i i )  velocity output f i l e  - None 
t i t l e  - cn* 1 (all vectors and rapllcatas) 
format - (44ea16.e) 
iscm - 0 
ncolmf - 448 
n r o d  - 614 
Jshftr - 172 
ishfty - 391 
ICX - 160 
ncy - 108 
Using input iormat ( 1) - (448.16 8) 
VTUN >> Wading bndgat f i l e  
VTUN >> Proselieing ve loc i t i e s  
YTWl >> Writing velocity transfar f i l s  
rrWl >> Clean* up 
YTWl >> Normal Completion 



A.5 vtran2 Verification 

The vtran2 utility code was verified using two test cases. Case 1 demonstrates 
the conversion of volumetric flux to Darcy velocities, the sign change of the y- 
direction velocities and the inclusion of ghost nodes. Case 2 demonstrates that 
the indexing selects the correct subregion. 

Both test cases use the mesh layout shown in Figure 8. The volume fluxes 
are specified on the 10 x 15 cell mesh. The 4 x 3 cell subregion outlined in red 
represents the transport domain. The dashed lines indicate the ghost nodes. We 
run vtran2 such that it writes the output in both ASCII and binary format, so 
we can visually inspect the ASCII file to verify the results. 

Figure 8: Mesh for vtran2 Verification 



A.5.1 vtran2 Verification Test Case 1 

In this'test we use a uniform volume flux (Q, = Qy = I), and choose dx = 1, 
and dy = dz = 2, in the vtran2 command file such that A, = 4 and Ay = 2. 
Thus, for the transport mesh, we will have u = 0.25 and v = 0.5 for all cell 
faces except for the left and bottom boundaries. u = 0 at the left boundary and 
v = 0 a t  the bottom because the respective velocity at these faces is undefined 
in the secotp2d convention. 
First we generate a uniform volume flux field (Q, = Qy = 1) on the 10 x 15 cell 
mesh with the Fortran code vgen1.f 

DomLE PRECISION vx(ncol.nrov), vy(nso1,nrov) 

W ,.l.nrOV 
DO 1-1 ,nsol 

count - COunttl 
"X(1.j) - 1.dO 
vy(i.j) - 1.dO 

E N D W  
E N D W  

IF ( iarr .ns. 0 ) MM 
wXn(r..) 'isrr - ',isrr 
STOP 

ENDIF 

DO j-1,nrov 
mIn(iun~ut,iso) (vy(i, j ) ,  i-i.ncoi) 

E N D W  

STOP 
END 

which produces the output file vtran2-test-l . bud: 



vtran-2-test-I. bud 

Now run vtran2.with the command file vtran2-test-l . cmd 

vtran-2-test-l . cmd 
author 

Joseph F. Kannay 
* da te  
2003.09.24 
* t i t l e  
v t r d  t e s t  1 . input ia-t type 
(448~18.8) 

i s s r n  D 0 w i l l  p r in t  t o  screen. otherwise t o  dbg f i l e  
0 . ncel  nrou 
10 16 - - -  

j a h i t r  l sh f ty  nsx ncy 
3 7 4 3  

d r  dy & (3.10.3) 
1.000E100 2.000EtW 1.000Et00 

on this file using the vtran2-test-I.  com script 

vtran-2-test-I. com 
$ 8  V t r d  t e s t -1  
$ 
S v r l t a  sya$output " " 
$ ",.ire sys$output .................... 
S write eyeloutput " I  Vtr-2-teat2 
$ ",.ite syn(output "------------------" 
$ write nyatovtpur " " 
$ 
$ 
S smd-file - " v r r d . t o a t - 1 . d "  
$ bud-file - " v t r d - t e s t - l . b u d "  
S t r n - f i l e  - " v t r d - t e s t - l . t r n "  
$ dbg-fi le - "vtr-2-test-l.dbg" 
S vs l - f i l e  - " v t r d - t e s t - l . v e l "  
s 
L *raC2_a=a :-- "~pavork:[shard.jfkanne.~des.v~1tm.te8t1lVrrd.~xe~ 
S v r r d - a r e  'smd-fils 'bud-file ' t rn - f i l e  ' d k f i l e  'vol-f i le  
t 

which produces the following ASCII velocity and diagnostic files 



vtran-2-test-l . v e l  

Cmmand f i l e  - vmAN2-NT-1.m 
budget f i l e  - VTP.ANZJFST.1.BUD 
(hlnary) velocity t r ans fe r  f i l e  - VIRM2-lTS.1.TP.H 
diagoonticldsbug f i l e  - YIRIH2-lTS-l.DBC 
(asc i l )  va los i ty  output f i l e  - VIRM2-lTS.l.VEL 
author - Joseph F. Kannay 
datd - 2003.09.24 
t i t l e  - " t r a  t e s t  1 

+ format - (448.16.8) 
i s s m  - 0 
n c o m  - 10 
DToYmi - 15 
j sh i tx  - 3 
i ah i ty  - 7 
ncx - 4 
nsy - 3 
dx - - O.lOWE+Ol 

. dy - 0.2M)OE+Ol 
dz - 0.2WOE+01 

Wing i n p t  fo-t ( 1) - (448a16.8) 
WPM DD Reading budgat f i l s  
VSnAN D> PTOCesllng vo1ocitios 
WPM >> Yrit ing va lec i ty  t r ans fe r  r i l e  

>> w i t i n g  a ~ ~ i i  ~ l o d t ) '  Output f i l e  
WPM >> Cleaning up 
YIRLN >> Normal Complatlon 

We note that u and v are 0.25 and -0.5 as expected. We also note that the 
4 x 3 transport domain has been appropriately padded with ghost cells to make 
a 6 x 5 array for each velocity component. 



A.5.2 vtran2 Verification Test Case 2 

In this test we generate a synthetic volume flux field on the 10 x 15 such that the 
modulus of the velocity component equals the row number and the fractional 
part equals the column number. Thus the cell number is embedded in the value 
of the flux component. We then specify dz = dy = dz = 1 in the vtran2 
command file. In this way, we can visually inspect the velocity file to verify 
that the correct row and column indices were extracted. 
First we generate the volume flux field on the 10 x 15 cell mesh with the Fortran 
code vgen2.f 

wmlr PRECISION vl(ncol,nrow), vg(ncol,nrov) 

9 INTEGER iunout 

jsount - 0 
DO j-l.nr0" 

jcount-jsount+i 
icoulrt-0 
W 1-1.1)501 

icount - icoUl)t+1 
v x ( i , j )  . jsount + 0 . o l . i c o ~ t  
vy (1 . j )  - jsount + 0.0i.icoulrt 

EM) DO 
Dmw 

iunout - 11 
i r e d .  - 1W.nc01 
OPM(iunout, $lls-'~ran2.test-2.bud'. 

+ ntatu~-'W~~',fo-'iormatted'. 
+ accaa~-'asquonti~'.rocl-ir4cln, iostat-%err) 

IF ( i orr  .na. 0 ) TIEN 
WRlTF.(*.*) ) i arr  - , . l a m  
STDP 

MDIF 

which produces the file vtran2-test-2 .bud 



Now run vtran2 with the command file vtran2-test-2. cmd 

vtran-2-test-2. cmd 

euthor 
Jo~eph F. K-oy . data 
2003.09.24 

t i t l e  
*ran2 t e s t  2 . xnput format typo 
(448~16.81 
lssrn > 0 wil l  p r in t  t o  screen, otherwise t o  dbg f i l e  

a 
t nsol nrov 
10 15 
r jebftx i e td ty  ncx ncy 
3 7 4 3  

dz dy dz (3alO.3) 
1.000E+00 l.WOE+W I.WOE+M) 

on this file using the vtran2-test-2. com script 

vtran-2-test-2. corn 

b !  Vtran2 t e s t -2  
$ 
O " r i t e  sys$output " " 
) vrlto aya$out,,"t .................... 
$ v l t o  systoutput .I vrran2-test-2 " 

) ",.ito sys(outpt .------------------- 
S v i t a  sys$output " " 
f 
i 
5 d - f i l e  - " v t r d - c a s t - 2 . d "  
$ bud.file - *vtrd. taat_2.bud" 
S t m - f i l e  - " v t r d - t e a t - 2 . t m '  
$ dbg-fi ls  - "v t rd - t ea t -2 .dbg"  
$ va l - f i l s  - " v t r d - t e a t - 2 . v e l H  
t 
$ v t r m - a r e  :- ~tpawrk:Csharsd.jfk~c.cod0(i.v01tm.t0st2l~.~~e~ 
S vtran2-axe 'cmd-file 'bud-fils ' t m - f i l e  'dbg-file *?e l - f i l s  
s 

which produces the following ASCII velocity and diagnostic files 



L. ' vtran-2-test-2. ve l  tS7! .t! U&. I '%;~~ is ,b.: ,;.. 4 !.$$ 

4 3 o.oawoowe+oo 

vtran-2-test-2. dba 

cornand file - m 2 - m - 2 . m  
budget file - YIRW2-TEST-2.BUD 
(binary) velocity transfer file - YIRRNZ-ESI-2.TRN 
diapoatlsldebug file - m2-TEST-2.DBC 
(ascii) velocity output fils - YIRW2-TESTJ.YEL 
author - Joseph F. Kannsy 
date - 2003.09.24 
titlo - vtr-2 test 2 
format - (448a16.8) 
1L.Srn - 0 
tlcolmr - 10 
m o d  - 15 
jsbitx - 3 

iahsty - 7 
r.51 - 4 
nsy - 3 
& - 0.10WE+01 
dy - 0.1WOE*l 
& - 0.1WOE+01 
Ualw input format ( 1) - (448s16.8) 
WRAN >> Reading budget file 
VTWI >> Prose8slng volocitisa 
m >, writing vslosity transfar Silo 
VlRUI >D Writing aasii velocity output file 
VTUN >> Cleaning up 
VTUN >> Normal Cnaplatiea 

We note from the velocity component values that the correct translation of 
indices between the two meshes has been effected. 



Appendix B: Flow Field Extraction Input and 
Log Files 



B.l  Replicate 1 

author 
Joaaph F. Kannay 

date 
2003 09 24 . t i t l e  

CRLlJi Vtran2 cmmmd f i l e  
r input format type 
(448016.8) 
r iacrn > 0 wi l l  p r i n t  t e  screen. ethorviss t o  dbg f i l s  
0 
t nsol nrov 
448 614 

j a h i t r  i s h i t y  ncx ncy 
172 391 160 108 
+ & d y &  
60 60 4 

! Input f i l e  f o r  tho  vtrsn-run a s r i p t  
I l a sos la tes  mflh output I i l e o  with flow f i e l d  

! Created by Joseph X-ey 
I sent  16. 2003 

DWRMPR1 fO2S-PII 
D06R06FR1 F02B-M 
D06ROBPRI F026-PII 
W6RWFR1 FO21-M 
W6RWPR1 F021 PII 



WBRO3FRl FWO W 





Start- T h e  Stamp: 24-SEP-2003 15:13:12.16 

working d ir  - PAWRK: [SHU1ED.m(Unn.YRY.CRIIICmEBRIRIlRUlSPORT.FUlYFUlYFIEWSl 
budgot f i l e  dir  - PAWRK:[S~.JFX*NHE.URX.CRI1-~RL-WSWRT.FLOW-FlUDS.BM_FIVS.R11 
tr. f i l s  dir - P A W :  [S~.JFKINNE.URX.~l-~RL.lRUlSWRT.~_FIEWS.TRN-FIVS.Rtl 
dbg f i l e  d i r  - PAVORK:[SHULm.JFMHE.URX.CRI11CmEBRLRLTRUlSWRT.FUlYFLOVFI~S.OBCCFIIES.R1] 
vfr-2-w inpvt f i l e  - PAWRK. ~SHULED.JFKIMIE.YRK.CRI1iNLEBRL~mSPORT.FLOYLOYFIELDSl~22RUHUHCRIIIRl.IHP 
v t r a n 2 - m  log f i l s  - PAWRK: [SHWD.m(*WHE.~.CRL11~~RI~SPORT.FLDYDYFIELOS]~2ZRUHUHCRI1JI .LDC 
vtran2-smd-f i l a  - PAWRK: C S H I R m . m ( * W H E . W . C R I 1 l ~ R L R L W S P O R T . M Y I R 1  .CIID 



DO7RlOPRl.OVI 
WBROlRL1 .OUT 
WBROlPR1.OUl 
WBROZFRl .OUl 
WBRO2PRl .OUl 
WBR03FRl.OVI 
WBR03PRl .OL7 
DoBRMFR1 .m 
WBRMPR1 .OUT 
WBROSFR1 .m 
WBR0SPRl.GVI 
WBROSFRI .OUT 
DOBROGPR1.OUI 
DOBR07FRl.OVI 
DO8ROIPRl.OVI 
W9RO1FRl .m 
W9RO2PRl .OUT 
W9RO3FRl.WT 
W9RO3PRl.OUI 
DO9RMFRl.m 
DOSRWPR1.m 
D098OSFRl.OUT 
W9ROSPRI .m 
W9ROSFRl .OlJI 
W9R06PR1.0117 
W9ROTFRl .m 
W9ROTPRl.DWT 
W9ROBFRl.OVI 
W9R08PRl.OUI 
D09R09FRl.OG7 
~ 9 ~ 0 9 ~ ~ 1  .m 
WSRlOFRl .OW 
W9RlOPRl.m 
DlORO2fRl.m 
DlOR02PRl.OVI 
DIORO3FRl.OUT 
DlORo3PRl.m 
D1ORMFRI.m 
D1ORMPnI.m 
DlOR06FRl.oVI 
DlOR06PRl.m 
DlOR07FRl.WR 
D1oROIPRl.m 
DlOROBFR1.OUT 
DlOROBPR1.OUI 
DlORO9FRl.OUT 
DlOR09PRl.OUT 
DlORlOFR1.OUI 
DlORlOPR1.OUT 
D11ROlFRl.m 
D11ROlPRl.WI 
DllR02FRl.m 
DllRO2PRl.OVI 
DllR06FRl.m 
D11ROSPRl.OUI 
DlIRO7FRl.OUI 
D l l R O m 1 . m  
DllROBFR1.m 
DllR08PRl.OVI 
DllR09FRl.OUT 
DllRO9PRl.OL?T 
DIIR1OFRl.OW 
D11RlOPRl.m 
D11ROlFRl.m 
D11ROlPRl.OUI 
Dl1ROaRIl.OW 
D12RO2PRl.WI 
D12R03FRl.OUI 
Dl2ROIPRl.m 
D12ROSFRl.OUT 
D l m s P R 1 . m  
D12R06FRl.OVI 
D12R06PRl.OVI 
D12ROTfRl.WT 
DlZR07PRl.OW 
D11RoeFRl .m 
Dl2ROBPRl.OVI 
D12R09FRl.m 
DlzRWPR1 .m 
DI3ROlFRl.OUl 
Dl3ROlPRl OUT 
D13R02FRl.OUT 
D13RO2PRl.OW 
D13R03FRl.OUT 
D13R03PRl.OVT 
Dl3ROSFRI.OUI 
D13ROSPRl.m 
D13R06FRl.WT 
D13R06PRl.OUT 
D13R07FRI.OUI 
D13RO7PRl.OITI 



Closing vtrar.2-run Input tila 

Ending Time Stamp: 21-SEP-IW3 15:18:44.86 



B.2 Replicate 2 

r author 
Joseph F. K-ey . date 

1W3 09 16  . t i t l e  
CM1-P.2 Vtran2 command f i l e  

input format type 
(448016.8) 

i s c m  > 0 v i l l  p r h t  t o  ecreen, othervise t o  dbg f i l e  
0 

nsol nrov 
, 448 814 

jshftx isbity ncx nsy 
171 391 160 108 
. & d Y &  
60 60 4 

I Input f i l s  for the vrrsn-run script 
I lasociatea mf2k output f i l e s  vlth flow f i e l d  
I m1 P.2 
I Created by Jonoph K-ey 
I Sopt 26, 2003 
DOlROrn FW1-m 
WlROlPP.2 F001-PI 
WlRMFR2 FW2-FM 
WlRMPP.2 F001.PI 



WBRO3RU FMO FM 



D13RO7PR2 FD82-PM 
D13ROBFR2 FO83-RI 
D13ROBPRZ FOB3-PM 
D13RO9FP.l FOB4-RI 
D13RO9PRl F084.PM 
D2lROlFP.l FOBS-RI 
D21R01PRl F086-PI 
DZlRO2FP.l F086-FU 
D21RDZPP.2 FOBS-PI 
D21ROSFR2 F087-RI 



vtran2run-craLr2.1og 
Starring T l m  St-: 26-SEP-2003 13:13:49.28 

working dir - PAWRK: [ W R E D . ~ . Y R K . C R I I ~ C m E 8 R 1 R 1 T R U l S P D R T T F U I Y . F I E U I S ]  
bvdgct f i l e  dlr - P A W :  [ W R E D . J ~ . Y R K . C R I l L C m E 8 R 1 R 1 T R U l S P O R T . M ~  
frn ills dir - PAYIIRK: [SBU(m. ~ . Y R K . C R I 1 - C U L e B R I - T R U l S P O R T . F U I Y - F I E L D S . ~ - f I L E S . ~ ]  
dbg f i l e  dir - P A ~ R K : [ S H * W D . ~ ( ~ W W E . ~ . C R I I ~ ~ ~ ~ T R U ( ~ P O R T . ~ W J I E ~ S . D B G - F I ~ . ~ ~  
vt;anl_nm input f i l e  - PAMRK: [SKULED.m(rWWE.YRK.CRI11NLEBRI.~PORTTFWV.FIELDSlW2.RUN.CRI1.~.IHP 
vfranl-run log f i l e  - PAMRK: [SKULED. ~ . ~ . ~ I I ~ R I I T R u ~ s P o R T . ~ v I F I ~ s I ~ ~ I R ~ I ~ I ~ ~ . L o c  
vfran2-cmd.file - P A M R K : C S K * R m . m ( r W W E . U R K . C R I I I ~ R I . T R U f S W R T . M  

Opening vtranl-run input f i l e  

. la  mf2k ralocity transfer f i l e  

W2K~~1-R290O1~FMmTRN 
WW~CRll~m~F001~PM.TRN 



D W R o 1 m . m  
w8ROlPR2.m 
WBROrn. m 
W8RO2PRZ. OUT 
DOIRO3FR2.m 
D08R03PR2.OUI 
W8RWFP.2. OUT 
W8RWPRl.OVI 
W8ROSFR3.OVT 
W8ROSPR2.0111 
W8ROBFR2.OUT 
DOQROIPW. DUI 
DOBRO7FP.2. OVI 
WBROTPR2.OVI 
W9ROrn.  0111 
W9RozPR2.m 
W9R03FRZ.m 
D09RO3PR2.DUl 
W9RO4FR2. 0111 
W9RMPR2.0111 
W9R05FR2. OIJI 
W9R05PR2.0111 
W9RMFP.2 .OUl 
W9RO6PP.2 ,0111 
W9RO7PFU .OVI 
W9R07PR2.m 
WgROBFR2.OVI 
WSR08PR2.OuI 

. . .  - 

MFW m1 Rl FW1 PM.TRN 





B.3 Replicate 3' 

author 
Josapb F. Kanaay . date 
2003 09 29 
t i t l e  

CR*I-R3 V t r d  s-d f i l a  
input f o m t  type 

(448-16.8) 
r issrn > 0 "111 p r h t  t o  screen, othervise t o  dbg f i l a  
0 

ncol nrou 
448 614 
r jshitx ishfty DCI ncy 
172 391 160 108 
. & d y &  
SO604 

! Input f i l e  for  the *ran-run scr ip t  
! Aesociates elk outpvt i l lell  with flow f i e l d  
! m i  R3 
! Crested by Joseph K-sy 
! sept 29. 2W3 
WIROlFM FW1-FM 
WIRO2PR3 FW1-Pn 
WIRMFR3 FW1-FM 
WIRMF'P.3 FWZ-Pn 
WiRO7FR3 FW3-FM 
WlA07PR3 FOO3XPI 

W3R06FR3 FOOB-FM 
W3ROBPP.3 FWB PI 



WBRDIIPRj P o 4 1  PII 

DwROZF'R3 F W 5  PII 



DllROIFP.3 FOBS-FN 
D21ROlPR3 FOBS-PR 



Starting Tima Stamp: 29-SEP-2003 09:54:17.61 

lorkiv dir - PAWRK; [SH*Rm.mUHHE.YRK.CRA1l~RIR*mSWRT.m-FIEmS] 
budget file dir - PAYORK:[SH*Rm.mUHHE.W.CRA11~RIRIWSPORT.FWJIEWS.~-FILES.RJ] 
trn filo dir - PA~RK:[SH*Rm.mUHHE.W.CRA1-~RI-WSWRT.mFLOYFIUDS.TRHJILES.RJ1 
dl% file dlr - PAWRK:[S~.mUHHE.W.CRA11~RIRI~5PORTTFWLOUFIELDS.DBGGFILES.R3l 
vrrd-run input fils - PAYORK: [ S H ULm.~.YRK.CRAlI~RIRIWSPDRT.MYYFIUDS]~2JIUHUHCRA11RJ. INP 
vtran2-run lag fils - PAYORK:[SII*ED.JR(UOIE.W.~l~NLEBRI-WSPORT.FLDY-FIELDSIYTr(PN2-RUH-CRL1-RJ.LOC 
vtrd-4-file - PAMRK: [SHULm.m(*HHE.YRK.CRA1f~RIRIWSWRT.FLMFLMFIUDSlYlWl2-CRA11R3 .m 

opanins rltrm.2-run input filo 

pi2k budget file mi2k velocity transfor flla ---------------- ........................... 
DOlR02Fm.m I(FZK~CRA1~RJ~F001~RI.IRN 
DOIRO2PIU.OUI UFW-CRAlJ3-FO01-PM.lREl 
DO1RMFR3.OVT )(FW-CRAl-R3-FW2-RIRITRN 
WlR04PRJ.OUI WZX-CRAl~R3-FWZ-PM.TRN 
DOlRO7FM.OVT IIF1R-CRA1-R3-FW3-RIF1(IRN 
WlRO7PRJ.oVT MFZK-CRA1-R3-FW3-PMPnTRN 
WlRlOFR3.OUT lWW-CRAl-RJ-FOM-FM.TRN 
W1RlOPIU.m m-CRA1-R3-FOW-Pn.TRH 
W2ROZFW.OUT W2K-CRA1-V.3 F005 PM.TRH 





Cloning .rcr&-rn 

Endlng Time Stamp: 



d 

Appendix C: Input Files Used in Culebra Trans- 
port Calculations 



C.l: genmesh Input File 
gm-st2d-cral . inp 

!__I_ 

! Grid for 2303 CRL calculations 
! Created for SECOTPZD by Joahva Stein 
! June 25. 2003 ----- 
* S m m  
DIM-2 
ORIM.WWE+W.O.WWE*W 
IJKIUX-151. 109 

*GRID. 
DU, CGURbX.  DEL-SO.. INMNCEm1,lSl 

o a ,  ~ ~ R L I - Y .  DEL-so.. IHRLHCE-I.~~~ 

.REcions 
REG-1, IIUHCE-1.161, SRUICE-1,109 

.ELEX 
LDC. THICK-4.0, ELEXAT-0.0. IIUHCE-1.151 JRUICE-1.109 

*EN0 

-- 



C.2: matset Input File 

ms-st2d-cral. inp 

- 
! TITLE: SECO INPW 1996: Tho WIPP PA CCA Calculation 
! ANALYSTS: C. T. SmCKn*H, R. L. BLAINE 
! CREATED: JUNE 11. 1996 
I MODIFIED: 
! W O S E :  PREPARE DATABASE FOR PRESECD 

! 
*HIlDINC 
nm-0 
SCALE-SOURCE 
SCEHIRIO-00 
TITLE-SECO 

I 
.PRIMJLSSICHm-VALUES 

.WITS-SI 
! 
.CRUTE-BLOCK 
BLEKIW 1. 3. 4, 6 .  6, 7 .  8. 9. 10, 11, 12. 13 

*RETRIEYE*NME 
CODROINATE, DIM-2, NIXES-X, Y 
MATERIAL, 1-NLEBRL, 2-CWBAL. 3-REFCON, t 

4-M4l. 6-PU239. 6-TH230, 7-U234. L 
8-M+3, 9-PU+3. 1WPU+4, 11-THt4, 12-U+4, 13-U+6 

PROPERTY, MATERIU-NLFBR*. NIWES -*POROS,DPORDS,DISP-L,DISPf.L 
PRopmn, M A ~ I A L - ~ ~ R * .  N U ~ S  -m,Dmf 
PROPFAN. MATERIAL-NLEBR*. NUaS -HI(BU(LT.SKIN-RES,DNSCR*IN 
PROPERTI. IUTERIIL-CWBAL. N*IIES -OXSIAT.CLINTIDX. M I D I  
PROPERTY. 

PROPERN 
PRDPFAN 

PROPERTI 
PROPERTY 
PROPERTY 
PROPERTI 
PROPPRn 
PROPERTY 



C.3: prelhs Input File, Replicate 1 . 
lhsl-st2d-cral-al . inp 

! TITLE: BRACFLO 2OOJ CRA1 (LHSI) 
! SCMARIO: S1, S2. $3, Y1, SS. and 56 
! ANALYSTS: Joshua Stein and Bill Zalinski 
! CREATED: April 2003 
! MODIFIED: April 7 

! LHSCALC - CRA1 RWIZATION 1 
' 
! DESCRIPTION: 

! UIPP 2003 Compliance Recertification Analyses (CRA) 
! 
! This input file to PRELHS is usad to generate. aa an output fils, an LHS 
! input file containing all distribution information and execution options 
! required to create a sample for Replicate Rl for the YIPP 2003 CRA 

! Modiisd for CRA analyses: LHSBLANK d m q  d m q a d  to LHSBLANK and 
Rnm UTEILIU (ULSBLANK) changed to REFCON 
169 dummy roplassd with VOLSPALL 

!- No Comments Allowed betvsan * E m  and *ENDECHO 

r m m  
TITLE 2002 lnn PA Calculation, Replicate R1 Input File for the WIS Code 
HDBS 100 
RUmDn S E m  921196800 
cmss%ATION M ~ I X  

3 
18 19 -0.99 
20 11 -0.99 
28 29-0.76 

[NIP1TT CDRR HIST DATA 
.ENDEMO 

.RETRINE 
1 
n A m A L S ,  SmEL 
PROPERTIES, CORRnCD2 

!2 
IIITEILIALS. WAS-AREA 
PROPERTIfS. PROBDEC 

I 3  

nATEILIALS. WISJPEA 
PROPERTIES. CRlTItICI 

14 
nATEILIALS. WAS-AREA 
PROPERTIES, cun1-x 

!6 
IUTEILIALS, CELLULS 
PROPEJLTIES, faEIA 

!S 
IUTERI*LS. WAS-ULEI 
PROPERTIES. SAT-RCAS 

7 
nATERIALS, WAS-AREA 
PROPERTIES. SAT-RBRN 

!8 
nATERI*LS, WAS-ULU 
PROPERTIES, SAT-WICK 

l 9  
HATERXALS. DRI-PCS 
PROPERTIES. P r n ~ U I C  

! 10 
MTEILIALS. CONC-PCS 
PROPERTIES. PM-LOG 

! 11 
nATERI*LS, SOLO4 
PROPERZIES. SOLCIn 

!12 -- 

IUTEILIALS. YlLTH4 
PROPERTIES. SOLCIM 

!13 d-y placemoleex 
WTEILIALS, W C D N  
PROPERTIES. LHsBWlK 

! 14 
nATERIALS, mc-PC5 
PROPERTIES, SIT-RCAS 

! 15 
I I I m N S ,  mc-Pcs 
PROPERTIES. SAT-RBRN 

! 16 
ILITERIALS. CDNC-PCS 



PROPERTIES. PORE-DIS 
117 

MATERIALS, S-HALITE 
PROPERTIES, POROSIYY 

! 18 

MATERIALS, S-HALITE 
PROPERTIES. PMX-LM: 

119 
MATERIALS, S-HALITE 
PROPERTIES. COP-RCK 

! 20 
MATERIALS, 5-MB139 
PROPERT1ES. PRIIX-LM: 

!21 
MATERIAIS. S B 1 3 9  
PROPERTIES, mnP-RCK 

! 22 
MATERIALS. S-WB139 
PROPERTIES. RELP-nOD 

123 
MATERIALS. S-WB139 
PROPERTIES. SAT-RBAH 

! 24 
MATERIAIS. S-WB139 
PROPERTIES. SAT-RCAS 

126 
MATERIALS. 5-118139 
PROPERTIES, POREDIS 

! 26 
MATERIALS. S-HALITE 
PROPERTIES, PRESNRE 

! 27 
MATERIALS. CASTIrn 
PROPERTIES, PRESSURE 

. -- 
IUTERIAIS, c m 1 m  
PROPWTIES, Prn-LM: 

! 29 
MAlEnIAIS. ClSTlrn 
PROPERTIES, COP-Rcm 

! 30 
MATERIALS. BLSrWO 
PROPERTIES. PMX-LM: 

!31 
MATERIALS. Dm-1 
PRLIPERfIES, Pma-LOG 

! 32 
MATERIALS. cmc-PLC 
PROPERTIES. PRIIX-LOG 

I33 dummy placeholder 
IUTERIU. REFCON 
PROPERTIES. W(5BL*XK 

! 34 
MATERIALS, S O W U  
PROPERTIES. SOLSIH 

! 36 
MATERIALS, SOLAM3 
PROPERTIES, SOLCIH 

136 
MATERIALS, SOLF'U3 
PROPERTIES. SOLSIH 

137 
MATERIALS, SOLPU3 
PROPERTIES. SoLcIn 

! 38 
MATERIAIS; S O W 4  
PROPERTIES. souIn 

139 
MATERIAIS. SOLPu4 
PROPERTIES. SOLCIII 

! 40 
MATERIALS. SOLU4 
PROPERTIES. SOLSIII 

!41 
MAm1AL3. SOLUS 
PROPWTIES. SOLSIII 

!42 
MATERIALS. SOLUS 
PROPFILTIES. SOLCIII 

Id3 .- 
MATERIALS, SOLTH4 
PROPERTIES. SOLSIII 

! 44 
MATERIALS. PHUnOX3 
PROPERTIES. P m c l n  

! 45 
MATERIALS. GLOBAL 
PROPERTIES. OXSTAT 

I A6 

MATERIALS. CULEBnA 
PROPERTIES. IIlHP_FAC 



z 
! 47 

MATERIALS. CLmN 
PROPERTIES, lRANS1DX 

! 48 
MATERIALS. CLmN 
PROPERTIES. CLIWTIDX 

1 A9 

MATERIALS. NLEBRA 
PROPERTIES. BnsLKLT 

! 50 
MTERIALS. CULEBRI 
PROPERTIES. APUROS 

!61 
IIITERIALS. NLEBRI 
PROPERTIES. DPOROS 

! 52 
MATERIALS. U+6 
PROPERTIES. IMD-U 

! 53 
MTERIALS. u+4 
PROPERTIES, IMDJ 

! 64 
MATERIALS, PU+3 
PROPERTIES. IMD-PU 

155 
MATERIALS. PU+4 
PROPERTIES. m-PU 

! 56 
MATERIALS. TH+4 
PROPERTIES. IMD-m 

! 57 
MATERIALS. An+3 
PROPERTIES, IMD-An 

! 68 
MArnALs, B O W m L E  
PROPERTIES. TAUFAIL 

!69 d q  placeholder for VOLSPllU 
MATERIALS, WAS-ULE( 
PROPERTIES. VOLSPNL 

160 
MATERIALS, CLnBN 
PROPERTIES. PBRINE 

!61 
MATERIALS, llOREHOLE 
PROPERTIES, WlIECA 

! 62 
IIITERIALS. SWFTU 
PROPERTIES. SAT-RBRH 

! 63 
MATERIALS. s m  
PROPERTIES. SAT-RCAS 

! 64 
MArnALS. s m  
PROPERTIES.. PWX-LM: 

! 65 
MATERIALS. SWILJ1 
PROPERTIES, P m - U X :  

0 56 

MATERIALS, s m - n  
PROPERTIES. Pwa-LW 

! 67 
MATERIALS. m c m  
PROPERTIES. UISBWWK 

!68 
IUTERIALS. R E F m  
PROPERTIES, LHSBWlX 

8 69 

MATERIALS. mm 
PROPERTIES. LHSBWIK 

170 . . - 
MATERIALS. R E F m  
PROPERTIES, WISBWWK 

!71 
MATERIALS, m c m  
PROPERTIES, UISBWlX 

!72 
IIITERIALS. mm 
PROPERTIES. LHSBM 

172 

MATERIALS. m C O N  
PPQPERTIFS. W1SBWWK 

! 74 
IUTERIALS, mm 
PROPERTIES. WBUm 

! 76 
MArnIALS. REFCON 
PROPERTIES. LHSBWWK 



C.4: prelhs Input File, Replicate 2 

lhsl-st2d-craLa2. inp 

I TITLE: BRAWL0 2003 CRAl (LHS1) 
I SCENARIO: S1, S2. 53, S4. S6. and 56 
I ANALYSTS: Joshua Stein and Bill Zelineki 
8 CAUTm: April 2M)3 
I m m I F I m  April 7 

I USC*LC - ERll RULIUTIDN I ,--------- 
I DESCRIPTION: 

I VIPP 2 W 3  Compliance Resartllisation Analyses (CRL) 

! Thia input file to P W H S  is used to generate, as an ovtput file. an W 
! input ill. containing all dlatributien informatien m d  alssution options 
I require4 to create a ~ q l e  for Replicate R1 for the UIPP 2003 CRL 

! Hodifsd for CFA analyses: LHSBLAIW dvmmy < w a d  to LHSBLANK and 
! REFCON IUTERIAL (USBLANK) changed to RETCON 

US9 d m  replaced with MLSPALL 
1----1- No C-ants Allowed betvaan *ECHO and *ENDECHO 

.ECHOLHS 
TITLE 2002 IBll PA Calculation, Replicate R1 Input File for the LHS Coda 
HDBS 100 
R*NDOII SEPJ 921196800 
CORREL*TIW IUTRIX 

3 
18 19 -0.99 
20 21 -0.99 
28 29 -0.76 

OWF'W CORR HIST DATA 
*ENDECHO 

HATERINS. W A S - M  
PROPERTIES. PROBDEC 

! 3 
IIITERINS. W A S - M  
PROPERTIES. CRITnICI 

! 4 
IUTERIALS. W A S - M  
PROPERTIES. CRITnICH 

!6 . HArnIALS. CELLULS 
PROPERTIES. FBGIA 

16 
HATERIALS. W A S - M  
PROPERTIES, SAT-RCLS 

7 
IUTERIALS. uAS_ULIl 
PROPERTIES. SAT-RBRN 

' 8 

IUTERIALS. u A S - m  
PROPERTIES. SAT-WICK 

! 9 
HATERINS. DRZSC5 
PROPERTIES, PRM-LOC 

! 10 
IUTERIALS. CONCSCS 
PROPERTIES. P R M ~ L O C  

!11 
HATERINS. SOLU4 
PROPERTIES. SOLCIIl 

! 12 
MATERIALS, SOLM4 
PROPERTIES. soLcIn 

!13 d-y placeholder 
IurnIALS. R E T m  
PROPERTIES. W B M  

! 14 
IUTERINS. mc-PC5 
PROPERTIES, SAT-RCLS 

. -- 
HATERINS, CONC-PCS 
PROPERTIES, SAT-R8RN 



PROPERTIES, PORE-DIS 
117 

M A ~ I A L S .  S-H*LIJE 
PROPERTIES. w m 1 n  

! 18 
MATERIALS. S-HUIJE 
PROPrnTIFS. Prn-LMi 

! 19 
MATERIALS. S-BUIE 
PROPERTIES. 03IP-RCK 

! 20 

MATERIALS. S-I(B139 
PROPERTIES, PRWX-LOG 

!21 
IIATERIALS. S.HB139 
PROPERTIES. COW-RCK 

! 22 
MATERIALS, s - m ~ a s  
PROPERTIES. RM-ROL! 

! 23 
MATERIALS. S-I(B139 
PROPERTIES, SAT-RBRN 

! 24 
IIAlW.IALS. S-I(B139 
PROPERTIES, SAT-RGAS 

! 25 
MATERIALS. S-I(B139 
PROPERTIES. PORE-DIS 

! 26 
MATERIALS, S-HALIE 
PROPERTIES, PRESSURE 

! 17 
MATERIALS, CrnILER 
PROPERTIES, PRESSURE 

! 28 
MATERIALS. CMlLER 
PROPERTIES. PRIIX-UX: 

! % 
MATERIALS. CMILER 
PROPERTIES. COW-RLR 

130 
MATERIALS. BH-SAND 8 

PROPERTIES, PRWX-Lffi 
!31 

MATFJIIALS. DE-1 
PROPERTIES. PM-LOG 

! 32 
MATERIALS. CONC-PU: 
PROPERTIES. PIlltLUX: 

!33 dummy placeholder 
MATERIALS. RnCW 
PROPERTIES. LHSBWW 

! 34 
MATERIALS. a m 3  
PROPERTIES. SOLSIR r 

! 35 
IIATERIALS. S O m 3  
PROPmTIES, SOLCIR 

! 36 
I U ~ I U S ,  s o m 3  
PROPERTIES. mwxn 

I PI 

MATERIALS, s o m 3  
PROPERTIES, SOLCIR 

! 38 
M A m A L S .  SOW- 
PROPERTIES, SouIn 

! 39 
MATERIALS. S D m  
PROPERTIES. SDLCIR 

! 40 
MATERIALS, SOL04 
PROPERTIES. SDLSIR 

!41 
MATERIALS, SOLUS 
PROPERTIES. SOLSIR 

! 42 
MArnIALS. SOLUS 
PROPERTIU. SOLCIII 

! 43 
MATERIALS, SOLM4 
PROPERTIES, SOLSIR 

Idd 

MATERIALS, m x 3  
PROPERTIES, PHlRlCIR 

145 
MATERIALS. GLOBAL 
PROPERTIES. OXSTAT 

! 46 
MATERIALS, CVLEBRL 
PROPERTIES. RINP-FAC 



IUTWIALS. GLOBAL 
PROPERTIES. TRMSIDX 

! 48  
IUTWIALs. CWBAL 
PROPERTIES. CLIHTIDX 

! 43  
IUTERIALS, CVE5RA 
PROPERTIES, HIIBLKLT 

!SO 
IUrnIALs, m u  
PROPERTIES, APOROS 

!S1 
I U m u s ,  CLRFBRA 
PROPERTIES, DPDROS 

! 62 
IUmALs, U+6 
PROPERTIES, nKD-u 

! 63 
IUrnIN.5. U U  
PROPERTIES. MO-U 

!M 
IUTWIALS, PU+3 
PROPERTIES. HXD-PU 

! 66  
IUrnIALs. WU 
PROPERTIES. nKD-PU 

! 66 
IUrnIALs. m+4 
PROPERTIES. ELXU-M 

! 67 
IUrnIALS. mi3 
PROPERTIES, m-An 

! 58 
IUrnIALS. BDRMOLE 
PROPERTIES. TAUFAIL 

!59 d w  placeholder for MLSPALL 
MTWIALS. WAS-*RU 
PROPERTIES. VOLSPALL 

160 . -- 
IUTERINS. CWBAL 
PROPERTIES. PURIM 

161 
IUTWIALS, BOW(0L.E 
PROPERTIES, DOI(ECA 

162 
IUTWIALS, s m  
PROPERTIES. SATJLBRU 

!63 
WTWIALS. s m  
PROPERTIES. SATJlCAS 

! 64 
M'IKRINS. S W  
PROPERTIES. PW-IM. 

! 66 
IU'IKRIALS. m - T I  
PROPERTIES, PRm-LOC 

! 66 
IUrnIALS. m-Tl 
PROPERTIES, PPJUJOC 

! 67 
IU~IALS, REFCON 
PROPERTIES. LHSBLANU 

! 68 
IUrnIALS. =CON 
PROPERTIES, WBLdNK 

!69 
IUTWIALS. REFCON 
PROPERTIES. LHSBLANU 

! 70  
IUTERIALS. REFCON 
PROPERTIES. LHSBLANU , 

!71 
MATERIALS, REFCON 
PROPERTIES. LHSBLANU 

! 72 
IUrnIALs. REFCON 
PROPERTIES. LHSBLANU 

! 73 
IUTWIALs, R E F m  
PROPERTIES. LWBWIK 

! 74 
IUTERIALS. REFCON 
PROPERTIES. LHSBLdNK 

176 .- 
MTERIALs. =CON 
PROPERTIES, LHSBLdNK 



C.5: prelhs Input File, Replicate 3 . 

lhsl-st2d-craLa3.  in^ 

TITLE: BRAWL0 2003 CRA1 (LHS1) 
SCENARIO: S1, SZ, S3, 54. SS, and S6 
ANALYSIS: Joshua Stain and Bill Zalinski 

! CWITD: April 2 W 3  
! HWIFIED: April 7 

! LHSCALC - CRAl RULIZATION 1 

! WIPP 2003 Compliance Rasartiiicaticn Analyses (a) 

! This input file to PRaXS is usad to ganarata. ea an output file. an LHS 
! input file containing all distribution laformation and eracution options 
! required to create a sample lor Replicate Rl ¶or tho WIPP M 0 3  CRA 

! lodiiad ¶or CRA analyses: LHSBLWX dvmmy changed to LHSBLWX and 
mm UTERIAL (WISBWOO changed to REFCON 
1159 d w  replaced with M L S P U  

!- No C m n t s  Allovad -tween *ECHO and *ENDECHO 

*EMOLHS 
TITLE 2001 TBI PA Calculation. Replicate R1 Input File for tho LHS Code 
NOES 100 
W SEE3 921196800 
CORRUATIOH MTRIX 

3 
18 19 -0.99 
a0 21 *.99 
28 29 -0.76 

WIPUI CORR HIST DATA 
*MDECHO 

.RETRIEVE 
1 
IUIERIALS. STm 
PROPERTIES. CORRllC01 

2 
MATERI*IS. WAS-ULU 
P r n T I E S .  PRDBDEC 

IIITERIALS. WAS-ULEI 
PROPERTIES. CRIMICI 

4 
IIITERIALS, WAS-ULEI 
PROPERTIES, CRAMICU 

15 
IIITERIALS. CELLVLS 
PROPERTIES. FBFTA 

6 
IIITERIALS. WAS-ULU 
PROPERTIES. SAT-RCAS 

I 
MATERIALS, WAS-ULU 
PROPERTIES. SAT-R8RU 

8 
IIITEiuAL5. WAS-ULU 
PROPERTIES. SAT-WICK 

9 
IIImALS. Dm-PCS 
PROPERTIES, PRJU-LLK 

! 10 
IIITERIALS, CONC-PCS 
PROPERTIES, PM-Loc  

!I1 
IIIrnIALS. SOLUP 
PROPERTIES. SOLCIII 

!13 dvmmy plscaholdar 
IIITERIALS. REFCON 
PROPERTIES, LHSBL*HK 

114 
MTERIALS, WNC-PCS 
PROPERTIES. SAT-RCAS 

! 15 

MATERIALS, mc-PCS 
PROPERTIES. 5AT-RBP.N 



PROPERTIES. WRE-01s 
117 

MIERIALS. S.WLITE 
PROPERTIES. POROSITi 

' 18 
M r n N S .  S-HNITE 
PROPERTIES. Pnnx-LOC 

119 
MIERINS, S-MLITE 
PROPERTIES, COW-RCK 

'20 
MTOLINS. s-mi39 
PROPERTIES. Pnnx-WC 

I21 
IUIERINS, S-ml39 
PROPERTIES, COW-RCK 

' 22 
MIERIUS. S-ME139 
PROPFRfIES. Rap400 

123 
~AIERIALS. s-mi39 
PROPERTIES. SAT-RBPn 

3 24 
MIERIIIS. 9-mi39 
PROPERTIES. SAT-RCAS 

126 
MIERIILS, SnBl39 
PROPERTIES. WREDIS 

126 
MTOLIILS, SJULITE 
PROPERTIES. PRESSURE 

127 
MTEnINs. CASTILEn 
PROPERTIES. P w m  

128 
MIERIALS. ClSnLEn 
PRDPERTIFS, Pnnx-LOC 

129 
W A ~ I A L S .  c m ~ m  
PROPERTIES. COW-RM 

I30 
MIERIILS, B L S m  
PROPERTIES. P M X - m  

' 31 
MTOLIALS. DRZ-1 
PROPERTIES. PPJIX-LnG 

132 
MIERINS. CrmCJLC 
PROPERTIES. Pnnx-m 

I33 d m y  placaholdar 
IUIERINS. mm 
PROPERTIES, W(SBLPIHK 

134 
IUIERINS, S O W 3  
PROPERTIES. souxn 

136 
IUIER1U.S. S O W 3  
PROPERTIES. SOLCIM 

'36 
MrnINS. S O W 3  
PRDPERTIES. SOLSIM 

' 37 
MIERI*LS, SOLPU3 
PIUIPERTIES. SoLcxn 

138 
MIERINS, S O W 4  
PROPERTIES, SOLSIM 

I39 
MIERIILS. SOLPUI 
PROPERTIES. SOLCIM 

I40 
MIERIrn. SOLU4 
PROPERTIES, SOLSIM 

141 
MTOLINS. SOLU6 
PROPERTIES. SOLSIM 

842 
MTOLIILS. S(RU6 
PROPERTIES, SOLCIM 

143 
MrnIALS. SOLlH4 
PROP~IFS. souxn 

144 
IUTEnINs. p m x 3  
PROPERTIES. PrnCIM 

146 
MTEJ(I*LS. C W B N  
PROPERTIES, OXSTAT 

146 
111IERINS. CULEBnA 
PROPERTIES, MINP-FAC 



!47 
MTERIALS. GLOBAL 
PROPERTIES. TWiSIDX 

! 48 
MATERIALS, GLOBAL 
PROPERTIES. CLIMTXDX 

!49 
MATERIALS, NLESRn 
PROPERTIES. HWBLKLT 

! 50 
MTERIALS. CmEBRL 
PROPERTIES. mm 

!61 
MTERIALS. -Fa 
PROPERTIES. DPORcS 

! 52 
MATERIbLs, u+6 
PROPERTIES. MID-U 

! 53 
MTERIALS. U+4 
PROPERTIES, lMDg 

! 54 
MATERIALS. m + 3  
PROPERTIES, lMDgll 

! 55 
11lTFIIIALS. P U 4  
PROPERTIES, HKDp 

! 65 
MATERIALS. Tn+4 
PROPERTIES, WW-TH 

! 57 
MTERIALS. AM+3 
PROPERTIES. m_UI 

! 58 
MATFIIIALS. BDRIROLE 
PROPERTIES. TAUFAIL 

!59 d-y pl*soholder for M L S P U  
MTERIALS. wAS_IW 
PROPERTIES. M L S P U  

! 60 
MTERINS. GLOBAL 
PROPERTIES. PBRIHE 

!61 
M m I A L S .  B0RMOL.E 
PROPERTIES, DOMEGA 

! 62 
MTERIALS, s m  
PROPERTIES, SAT-RBRN 

! 63 
MTERIALS, SHFN 
PROPERTIES, SAT-RGAS 

! 64 
MTERIALS, S m  
PROPERTIES, PRIIX-LW 

! 65 
MTERIALS. SHFn-T1 
PROPERTIES. PRW-LOG 

166 

MATERIALS. sxm-n 
PROPERTIES. PRW-LM: 

! 67 
MTERIALS. REFCW 
PROPERTIES. WBLWX 

! 68 
MTERIALS, R E F m  
PROPERTIES, WBLWX 

! 69 
MTERIALS. REFCON 
PRDPERTIES, LASBWIK 

! 70 
MTERIALS. REFCON 
PROPERTIES. L X S B M  

!71 
MTEUIALS. REFCW 
PROPERTIES. W B M  - 

! 72 
MTERILS, REFCON 
PROPERTIES. LASBL1M( 

! 73 
MrnIALS, REFCON 
PRDPEnTIES, W B M  

! 74 
MATERIALS, REFCON 
PROPmIES, UISBLANX 

! 76 
MATERIALS. REFCON 
PROPERTIES. W B M  

- - 
.nm 



C.6: postlhs Input File 
lhs3-st2d-cral . inp 

!.----------.--- ----.- 
! Dunmy fils required for pestlhs to be run 



C.7: algebracdb Input File 
alg-st2d-cral . inp 

- 
!TITLE: PFZPAPE COB FOR PRESEm 
!ANALYSTS: C.T. STOCKI(UI, R.L.BUIM 
!CRUTED: JUHE 13. 1996 
!MODIFIED: 
!I(ODIFIED: 

!OX IS M C  AND 0 FOR L M  OX STATE AID WSITIYE. FOR HICK OX STATE 
OK-OXSTAT[B:Zl-O.S 
ACTCONSPl.l28E+13 
! Co110ert the trmmis8i'lity index to an integer 
! between 1 and 1 W  to corrolipond to a given t-field 
IRLNSIDX - AINI(TRUISIDX*1MI) + 1 

LIMIT BWCH 1 
DISP-TRH-~*KUTTR(DISP-LLDISPT~I) 
DISP-LNGn*KUTTR(DISP-L) 

F.rnT-UXU.ISR(FmRT) 
END 



C.8: relate Input File 
rel-st2d-cral .  in^ 

8 I n p t  f i l e  t o  run W l l E  f o r  PRFSECDTP preparat ion 
I Need t o  remove a l l  o lomnta  blocks except ior CULEBR* 
I Created by Rebecca Blalns 
I June 15, 1996 - 
rUKATIOll, 

XDBJ-0.0, YOBJ-O.0. ANGLE-0 0. UHITS-1.0 
t lmIBUTE 

DISP-lP.N - NURFST CULEBRI DISP-lP.N 
D1SP-LNG - HURESf NLE8RI D1SP-LNG 
mms -NEARESTCuLEBR* m o m  
WORaS -HURESICULEBR* m o m s  
F-TORT - HEUVSI WLEBRA F-YURT 
KIORT -HURESfaJumAMPRT 

.PrnPrnN 
HNBLKLT - XFERFD CmEBRA HNBU(LT 
SKIN-RES - XFULm CULEQR* SKIN-RES 
DC-W241 - XFEAD CULEBR* DC-*IU41 
DC_m39 - XFERm CULEBU DC-m39 
DC-m230 - XfERm NvBR* DC-7Xl30 
DC-U234 - XmRED CULEBR* DCJn34 
sA-rmri  - x m  CULEBR* S A - W ~ ~ I  
5 4 - m 3 9  - XFWLm NlEBRL s* -m39  
SA3H.230 - XFWLm CULEBR* SA-m230 
SA-U234 - XFERm CUlEBRL SA-U234 
m-AN -xmnm NLeBRL m - W  
m - P U  -XFERm CULEBRL m.PU 
m - m  -XFERm CULEBRI m.m 
WOJ - XFERm CULEBR* m-u 
m m - W  - XFEFm CULEBR* mm-AH 
m m - P U  - XFERFD NLEBR* m m - P U  
mm-m - XFERFD WLEBR* mm-m 
m m - U  - XFWLm CULEBR* m m - U  
m m J n  - XmRED nnEBnA mmUI  
m m - P U  - XFWLm CULEBRA m m - P U  
ZRlRD-TH - XFERFD NLEBRA ZRTPD-TH 
mm-u - XmRED CULEBRL m m J  
CLIMIDX - XFWLm CWBAL CLIMIDX 



C.9: presecotp2d Input File 
! Input file used to run PRESECmP2D for the ERll calculations. 

! This inpnt file: 
! 1) Applioe sourso coefficient only in )r direction. 
! 2) Uses fired time steps 

! Created by Joseph Kannsy 
! Dst. 8. 2 m 3  
! Input file oornion 05 

* v m c I n  
m y - Y n  
SEF-1 ,----------------------------------------------------------~---~------- 

*m 
STEP-2m 
SCREEN-Ia4FF 
DISCHARGE-STEP20 ,------------_--_------------------------------------------------~~--~- 

*Trra 
TIra-CM-lm 
START-T1PE-D. 0 
STOP-TIE -3.15569E+11 
m-SEF-2Woo 

*SPECIES 
NUCLIDE SYWBOL-PU239. INDEX-1, LAMBDA-DC-PU239, FRa32DJlPF-WO-W E 

NUCLIDE SYl5OL-U234, INDU-2. LAMBDA-DC-U234. FREEJ2D-DIFF-WO-U k 
NRIE-SA-U234 

NUCLIDE SYl5OL-W30. INDEX-3, IUIBDA-DC-W3O. FRa-H2D-DIFF-WO-M & 
mIE-sA-WJO 

NUCLIDE SYWBOL-M241. INDU4. LAMBDA-DCAH241. FRa-H20-DIFE-WO-AN & 
C U ~ I E - S A - ~ ~ ~  

NUCLIDE S W L - W 3 A .  INDEX-5, LAMBDA-DC.lH230. FPEF.-H20DIF€-WO_TH L 
CURIE-SA-TW30 

CHAIN CHAIN_NLWl HUn-SPECIES-1 NUC-INDICES-1 
CHAIN CHAIN-HVn-2 HUnSPECIES-2 WC-INDICES-2.3 
CHAIN WIN-HUn-3 HUn-SPECIES-: NUC-IND1CES-P 
M I I N  WIN-HVn-4 HUn-SPECIFS-1 NUC-INDICES-5 
!---------------------------------------------------------------------- 
.PIUIPOIW . . . -. . . 
DlF TORT-RTOFX. POROSIN-WD.7DS, RLTULPmTRD 
DUAL BLOCX.LEN-N3BLKL.T SKIN.F'ESlST-SK1N.IVS 
m n c  o ~ s ~ - w c - ~ r s ~ _ w c ,  o~s~-m-ors~-sruc, mnr- F-TORT. & 

PDR[ISITI-FFURDS. RETULD-IRTRD 
!---------------------------------------------------------------------- 

*SOURCE 
TEM-DEF SWDL-PU239. HUn-WINIS- 2, t 

TIMES- 0.0, 1.577845Et9. t 
VALUES- 0.0, 1.0. k 
IRANCE-67.67 JRWGE-76,76 

TEM-DEF sWOL-U224. HUn-POIMS- 2, k 
TIMES- 0.0. 1.677845E+S. k 
VALVES- 0.0, 1.0. k 
IRANGE-67.67 JRWCE-76,76 

TOVI-DEF S ~ ~ B O L - T H ~ ~ A .  ~ - P O I M S -  2. r 
TIMES- 0.0. 1.577815E+9, & 
VALUES- 0.0. 1.0, k 
IRANCE-67.67 JRANGE-76.76 

TEW-DEF m(BOlr~41. IM(-POIHTS- 2, L 

T I E -  0.0, 1.577845Et9, k 
VALVES- 0.0, 1.0, k 
IRUiCE-67,67 JRWCE-76,76 

*DP-NESH 
Atrm INIT-DIST-,001, HUn-NODES-21 ,-----------------------------------------------------------------~~~~~ 

*DISCHbRCE-BOUND 
HUn-BNDS-2 

! u-te Panel Area 
BOUNDBEF TOP-LEFsa0.82, BllI?rm_RICHT-76.70 

! LYB 
BDUND-DEF TOP_LEFI-7.1W. BUllCll-RIGHT-136.22 

.m 


