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1 Introduction and Narrative Overview
This document records the activities done for Task 7 of AP-114 (Beauheim, 2008}, "Analysis Plan for the
Evaluation and Recalibration of Culebra Transmissivity Fields."” This task is similar to Task 4 of AP-088
{McKenna & Hart, 2003}. In this current task, the base transmissivity fields that were generated during
Task 5 of AP-114 (Hart, Holt & McKenna, 2008) were calibrated against field data using an inverse
parameter estimation method. Two hundred (200) stochastically generated "base" fields underwent
calibration, and the 100 fields that had the best calibration were selected as the final results of this task.

This document provides a detailed description of the forward models, the field data used, the calibration
process, and the results of the calibration. The narrative overview presented in this section calls out the
location of the detailed descriptions within this document. Pre- and post-processing scripts were written
for this task, the source codes for which are presented in Appendix G and which are qualified according
to NP 9-1, Appendix C (see Chavez, 2008). The acquired and developed software programs that were
used in the calibration process were qualified under NP 19-1 {Chavez, 2006), and they are:

»  MODFLOW 2000 v1.6. Acquired; qualified under NP 19-1. {Harbaugh et al., 2000)
» PESTv9.11. Developed; qualified under NP 19-1. (Doherty, 2004)
o Executables that are part of PEST: PPK2FAC, FAC2REAL, MOD20BS, PEST, PPEST,
PSLAVE, SYDAPREP, TEMPCHEK, PARREP, PICALC, PARCALC
¢ DTRKMF v1.00. Developed; qualified under NP 19-1.
s Utility scripts referenced in this text, displayed in Appendix G; qualified under NP 9-1 App. C
o setup.sh, INIT2PEST, REAL2MOD, OBS2REAL, model.sh, runpest.sh,
template_pmaster.sh, template_pslave.sh

The following commercial-off-the-shelf (COTS) software programs were used for generating the graphics
and doing the routine calculations presented in this report; for calculations, the macros/files will be
pointed out in Appendix F; for graphics, the data sources are called out and any reductions/transforms
described, also in Appendix F:

¢ GnuPlot version 4.2

¢ Microsoft® Excel 2007

* Microsoft® PowerPoint 2007
e  MATLAB® r2008b (v7.7.0)

»  VarioWin 2

* Python23

Task 7 was started by taking the base fields from the results of AP-114 Task 5 (Hart, Holt & McKenna,
2008), and selecting a set of pilot points to use for calibrating transmissivity (T). The initiai values for T at
these points were taken from the base fields. In addition to transmissivity, the harizontal anisotropy (A)
for transmissivity, the storativity (S}, and a section of recharge (R) were also calibrated. The same
transmissivity zones described in Hart, Hoit & McKenna (2008} were used for transmissivity in this task,
and corresponding zones were used for anisotropy. Zones for storativity and recharge were based on
other analyses completed in the area surrounding the WIPP site (see Section 3.1 — Creation of
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Parameter Zones). Pilot points were selected for each parameter and initial values were selected that
were consistent with the conceptual model prepared as part of Hart, Holt & McKenna {2008) (see
Section 3.2 =Selection of Pilot Point Locations and Section 3.3 — Selection of Initial Values).

A model variogram for transmissivity was created using the field values calculated from pumping and
other well tests. This variogram was also used for all parameters, as it was the only one that could be
created from field data (see Section 3.4 — Creation of Transmissivity Variogram). This variogram was
used as input to the PEST groundwater utility PPK2FAC, which creates algebraic kriging factors from a
variogram, pilot point locations, and zonation data. Once generated, these factors can be used with the
FAC2REAL PEST utility to take a set of parameter values and create a continuous field from point values
{see Section 3.5 — Creation of Fields from Pilot Point Values). The T, A, 5 and R fields were then ready for
use in the MODFLOW numerical model to produce simulated head and drawdown results {see Section
3.7 - MODFLOW Numerical Model).

Once the MODFLOW models produced simulated drawdown and head results, the modeled resuits were
compared to the field data for the tests that were modeled. The residual of an observation is calculated
in PEST as the weighted difference between measured and modeled data. The observation weights were
selected in order to make the sum of the weighted steady-state head errors approximately equal to the
sum of errors of four observation wells in a transient pumping test, provided that all error values were
equal in magnitude. Because the weights are constant throughout, the weights provide a
counterbalance to bring the calibration back into balance if one type of test (steady-state or transient)
starts to overwhelm the calibration. In this document, as in the PEST documentation {Doherty, 2004),
the term "observation" defines a field measurement, but it does not define the value of that
measurement; an observation is a measurement at a specific time and location. The residuals were then
used by PEST to construct a finite-difference approximation of the Jacobian matrix used to optimize the
pilot point parameter values, The goal of the optimization is to minimize the objective function value, a
measure of the model (see Section 3.6 — Observations and Residuals).

Because traditional construction of the Jacobian matrix requires a forward model plus either one or two
forward model calls for each parameter value used in the calibration, using 1000-plus parameters, as
was done in this task, would be impossible without additional efficiency in the optimization. The singular
value decomposition (SVD) Assist component of the PEST software reduces the size of the Jacohian by
creating "super-parameters" through SVD of the Jacobian created with the original parameters. The SVD
process required initial calculation of a single, full Jacobian matrix, but then reduced the subsequent
number of required forward calls by a factor of four to six. The result was that three calls to PEST were
required to calibrate the fields — first, a single full Jacobian calculation, which required 1200+ forward
modei calls; second, an SVD calibration on the reduced parameter set that ran up to 50 iterations,
requiring between 100 and 400 forward model calls per iteration; third, a final PEST run with the best
parameter results to create the final fields corresponding to the best parameter values calculated during
the SVD-assisted calibration {see Section 4.1 — PEST Calibration Process). Total calibration time for a
single base field was approximately 7 days using 6 processors {1 master node and 5 slave nodes).
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One complication to the process arose after approximately 140 fields had been calibrated. It was found
that the steady-state head values that were being used in the calibration process were out of date and
several of the values were incorrect by several meters. After discussing this problem, it was decided to
allow the currently running fields to complete with the erroneous values — yielding 150 fields — and then
correct the values in the input data. An additional 50 fields were started using the corrected heads (see
Beauheim, 2009). To deal with the incorrect values, a limited calibration was performed on the resufts of
the first 150 fields (see Section 4.2 — Calibrated Correction of Steady State Head Values). The same
process that has been described was followed for the limited secondary calibration, but the initial
parameter values were taken from the calibrated results, only the necessary pilot point locations near
the updated steady-state head values were allowed to be changed, and the SVD portion of the PEST re-
calibration was limited to 10 iterations. The end result was 200 fields, with 150 of these fields having
undergone a secondary calibration to incorporate corrected field observation data. The impact of this
change is discussed in Section 4.3 — Evaluation of impact of Multiple Calibration Processes.

The end result of the calibration was 200 field sets (transmissivity, anisotropy, storativity and recharge)
calibrated to one set of steady-state heads and nine transient, multi-observation well pumping tests.
The 100 best calibrated fields (those with the smallest residuals) were selected as the final results from
this task {see Section 4.4 - Selection of Best-Calibrated Fields}. These fields were used to generate a
water budget file for input into the DTRKMF particle tracking simulator. The resulting advective-only
transport travel times were used to generate a cumulative distribution of travel times for the resulting
fields (see Section 5.1 - Calculation of Advective Transport Travel Time CDF). In addition, several
statistical analyses were performed on the fields themselves to generate average values and variances in
the field results (see Section 5.2 — Statistical Analysis of Resulting T, A, and S Field).

The complete calibrations were performed under quality-assurance (QA}) run control (RC) with inputs
and outputs stored in a concurrent versions system (CVS) repository on a central server. The calibrations
required approximately six months of continuous runtime on a total of 80 processors (see Section 2 —
Run Control and Hardware Used). The final results were renamed to represent the base field they
started from. The T, A, 5, and R fields, the MODFLOW steady-state water budget, and the DTRKMF
particle track results were placed in a single Results module in the CVS repository (see 2.1 - CVS
Repository).
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2 Run Control and Hardware Used
This analysis employed run-control measures throughout. These processes aided in traceability and
reproducibility of the analysis and provided additional guarantees against any loss of data integrity due
to network, hardware, or human error. This run controt was accomplished by using two elements. The
first was to use a Concurrent Version System (CVS) repository for all the files that were part of this task.
The second was to use the ReadScript run-control program developed by Tom Kirchner (see Kirchner,
2008) to launch the calibrations.

2.1 CVS Repository

The CVS repository that was vsed for this task is located at elo.sandia.gov:/data/cvsLIB/Tfields.
Input files were checked out of the repository at the start of each calibration, and the results were
checked back in to the repository as part of the calibration process. The repository resided on a machine
that had both internal and external {tape-drive) backups that were perfarmed on a regular basis.

The structure of the repository is presented here:

+ Inputs — This module contained all the static and pre-defined input files that were used by the
calibration, as well as the scripts that were written specifically for this task.

¢ Runcontrol — This module contained the templates for the Readscript. py input files that were
then individualized for each field.

¢+ outputs — This module contained all outputs from field calibrations.

¢ Results - This module contains the final fields that were selected as results of this task, as well
as summary files generated during the final analysis.

2.2 Hardware Systems Used

Two Linux clusters were used in the calibration process: the ALICE cluster in Carisbad, NM and the
TETHYS cluster in Albuguerque, NM. The ALICE cluster is a networked Linux cluster running 13 Intel®
Xeon™ Dual-core processor nodes. The operating system is Rocks 4, which is based on RedHat Linux 4.
The TETHYS cluster is a multi-processor type cluster with 8 single-core AMD Athlon 64 nodes, 19 dual-
core AMD Athlon 64x2 nodes, and 6 Pentium |V dual core nodes. All machines run RedHat Linux 5. Both
clusters use Sun's Grid Engine software to handle queuing and execution of jobs. Not all nodes were
online the entire time meaning that there were only 80 processors in use at any one time. The
developed software was qualified according to NP 19-1 {Chavez, 2006), and pre- and post-processing
scripts were qualified according to NP 9-1, Appendix C {Chavez, 2008).

2.3 Run Control System

The run control software ReadsScript.py (Kirchner, 2008) was used with a set of input files to execute
the calibration runs. The input scripts were prepared by the analysts, but were run by a run master,
Marissa Reno. The scripts used the template input files provided in Appendix G, replacing the "TFNUM"
variable with the current field 1D. The base field was then checked out of CVS {Hart, Holt & McKenna,
2008}, from the directory ":ext:alice.sandia.gov: /nfs/data/CVSLIB/AP114:;
:Task5/outputs/runs/subtask4”, the executables and other input files checked out from their
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respective locations, and the calibration was started. Following calibration, all the QUTPUT type files
specified in the input script were checked back in to CVS automatically. On the TETHYS cluster, the
CVSROOT variable was modified to include the ":ext:alice.sandia.gov:" prefix to ensure that the
remote repository was used for all files. This detail is recorded in all the log files that were produced for
individual runs, and are stored in the Runcontrol and outputs subdirectories. In this document, the
notation “CVS://Repository::Module/Subdir/File” will be used, where CvS:// represents the
/nfs/data/CVvSLIB directory on ALICE.

Additional run control information for this task, with a full file trace-back and record of commands, is
provided in Appendix H. The log files should contain complete records of execution, and are located in
CVS.//Ttields::RunControl/LogFiles/*/*.rtf
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3  Subtask A - Setup and Configuration
This subtask comprised the setup and configuration processes that were the same for every base field
that was calibrated. Subtask A included the creation and definition of zones for each of the parameters,
the selection of pilot point locations and initial values, and initialization of the scripts and data files
necessary to perform the calibration process. Because of the stochastic nature of the transmissivity
fields, unique zones are associated with each field, as defined in Hart, Holt & McKenna (2008). The
process to set up each field was the same, but certain elements, such as the exact number of pilot point
locations used, were unigque to each field.

The model domain and extent are identical to the domain defined in Hart, Holt & McKenna (2008) - a
cell size of 100100 meters, and a domain 28.4 km along the "X" (West to East) axis and 30.7 km along
the "Y" {South to North} axis. The south-west node is centered at 601700 m Easting, 3566500 m
Northing (UTM NAD27, zone 13). The base T fields were taken from the results of Hart, Holt & McKenna
(2008). Some elements were created statically, and were used for every calibration. Some elements
were created dynamically for each calibration, but used the same variables and parameters in their
creation. The complete file creation process is shown in Figure 3-1, which outlines the execution of the
INIT2PEST analysis script,

Configure Configure Configure PEST

Observatians Parameters Contrals

* Write utility = Create zones * Build Jacobian

input files e Create initial calculation
(*.ins) fields PEST control
* Create PEST » Create pilot file
control points * Build Parallel
section » Create utility PEST run
input files management
(*-tpl) files
* Create PEST
control
sections
\. v, \ v, \ J/

Figure 3-1. Process for setting up the initial PEST configuration and conditions for a T-field calibration.
The files created by INIT2PEST are listed in Table F-2 in Appendix F.

3.1 Creation of Parameter Zones

Parameter zones were defined for each of the parameters to be calibrated. These zonations were
defined to be consistent with the conceptual model of the Culebra fiow defined in Hart, Holt & McKenna
(2008). Figure 3-2 shows the different margins that define geologic zones and the location of the Culebra
wells that have been drilled in the vicinity of the WIPP.
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Figure 3-2. The model domain with margins and wells. From west to east along the center of the
model, the margins are: No flow {black line on west), unconfined limit {orange}, Satado dissolution
(red), WiPP Land Withdrawal Boundary (LWB) (black square), M2/H2 Halite margin (green), M3/H3
Halite margin (blue).

3.1.1 Transmissivity Zones

The transmissivity zones were defined to be consistent with the zones that were produced in Hart, Holt
& McKenna (2008). As shown in Figure 3-3, there was a high-transmissivity zone to the west (zone 2},
corresponding to the area of Salado dissolution, and a mixture of higher and lower transmissivity values
corresponding to the stochastic zones (zone 0 and 1) provided in the base fields that defined the center
of the model domain. Unlike Task 5, where it was a separate zone, the area between the H2/M2 and
H3/M3 margins was included in the same zane (zone 1) as the lower-T stochastic areas provided by the
base fields. The area east of both the H2/M2 and H3/M3 margins — where the Culebra is bounded both
above and below by halite-cemented elements — was defined to be its own zone (zone 3), as was done
in Task 5. A no-flow boundary that roughly follows the center of Nash Draw is the final zone (zone 4)
defined for transmissivity, and the only zone that applies to all parameters.
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Figure 3-3, Example transmissivity zone map. Zones 0 and 1 are the stochastic zones created in Hart,
Holt & McKenna (2008); Zone 2 is the high-T Salado dissolution area; Zone 3 is the very low-T halite-
bounded area; Zone4 is no flow.

3.1.2 Anisotropy Zones

Because the anisotropy fields used in this task contain cell-by-cell anisotropy values for transmissivity
(and only transmissivity), the exact same zones defined for transmissivity were reused as the zones for
anisotropy. The transmissivity values in the North-South, or "Y", direction were calculated by multiplying
the transmissivity value for the East-West, or "X", direction (given in the T field) by the anisotropy value
(A) at a given cell:

Tm = Twﬂ

The map shown in Figure 3-3 represents the zonation for both A and T.
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3.1.3 Storativity Zones

Besides the no-flow zone (zone 4), four zones were defined for storativity. The westernmost zone (zone
2} is the suspected unconfined zone, as described in Powers (2006). The largest zone {zone 0), with its
western boundary roughly following the Salado dissolution margin, is the area considered to be fully
confined. The area between these two zones (zone 1) is the transition zone, where there is some
uncertainty as to whether the Culebra is fully confined. As with the T and A zones, the area east of both
the H2/M2 and H3/M3 margins is a separate zone (zone 3), but in this case storativity is simply held
constant at the initial confined-zone value. The main purpose in defining an "unconfined" zone as a
storativity zone is to simplify the model by approximating the non-linear unconfined problem with a
linear storativity model. By defining a much higher storativity value in the "unconfined" part of the
domain, unconfined behavior can be approximately modeled using a confined — and more stable -
numerical model. A map of the storativity zones is shown in Figure 3-4.
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Figure 3-4, The storativity zones. Zone 0 is confined; Zone 1 is transition between confined and

unconfined; Zone 2 is unconfined; Zone 3 is confined and held static at the initial confined value; Zone
4 1s no flow
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3.1.4 Recharge Zones

The conceptual model presented in Holt {1997) and in Hart, Holt & McKenna {2008) indicates that a
groundwater divide exists somewhere southwest of the WIPP site. Previously {in McKenna & Hart,
2003}, this groundwater divide was represented by extending the no-flow zone all the way to the
southern boundary. Because the model used in this current task included the unconfined zone, it was
decided to model the groundwater divide using recharge instead of a no-flow boundary. The areas of
possible recharge were defined in AP-114 Task 1B (Powers, 2006). Recharge values had to be extremely
small (on the order of 107! m/s) to allow MODFLOW to converge. Rather than try to determine which of
the configurations presented in Task 1B was the "best" approximation — which was outside the scope of
this task — a simple approximation that was similar to the oider, no-flow approach was used. A recharge
zone that was a simple line of cells extending NW to SE along the axis of the largest surface water
feature (and roughly following the old no-flow boundary from McKenna & Hart, 2003) was used as the
recharge zone; see Figure 3-5 for a map of the recharge zone.
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Figure 3-5. Zone 1 is the area of recharge; the remaining area was set to no recharge.
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3.1.5 Flow, No-Flow and Fixed-Head Zones

While the boundary conditions were not variable parameters in the calibration, the definition of the
specified head boundary conditions was an important part of the setup and configuration subtask. The
no-flow zone in the northwest was defined to be the same as was used in AP-088. However, the
significantly fower transmissivity in the far-eastern "halite-sandwiched" zone provided a more difficult
boundary condition problem to solve. In the case of the western no-flow boundary, using "no flow"
made conceptual sense, since here subsurface flow roughly followed the surface flow through Nash
Draw - flow should parallel the no-flow boundary. In the east, this parallel result did not make sense
conceptually or physically. Though the transmissivity in this area is extremely low (10 to 10™ m%/s),
there should be some flow exiting along the zone margin, however minute, Testing at SNL-6 and SNL-15
indicates that the hydraulic heads in this area are at or above ground level {Roberts, 2007 and Bowman
& Raberts, 2009). After several attempts to set fixed heads along the eastern boundary that would
model this observation, it was decided to simply set the entire "halite-sandwiched" zone of extremely
low T to fixed-head values, where the head was set to ground surface elevation. While this meant that
the head values at SNL-6 and SNL-15 were no longer "estimable," it was the best way to model the
nearly stationary nature of the water in this zone. The flow zones are shown in Figure 3-6, and the
selection of the initial values is discussed in Section 3.3. The northern, western and southern flow
boundaries were all fixed-head boundaries.
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Figure 3-6. Flow zones: the fixed-head zone is green; the no-flow zone is salmon; the white area is
normal flow. Note that the fixed-head zone includes one cell along the boundaries.
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3.2 Selection of Pilot Point Locations

Once the zones were defined, pilot point locations were selected. There were two types of pilot points,
fixed and variable, and two placement approaches, gridded and linear. Selection of the points for each
parameter required a combination of both types and approaches. The algorithm for calculating
placement was as follows:

1) Place fixed pilot points at locations of known parameter values,

a. Define these points such that their influence extends only within their appropriate zone.

b. Blank out an area surrounding each of these fixed values as "illegal” for additional pilot
point placement.

2} Between each pair of wells (or locations) defined in a connectivity matrix listing the pairs of
wells that were pumped and observed during pumping tests,

a. Place pilot points 500 m away from the wells on a line that would connect those two
wells,

b. Place pilot points at equal distances along the remaining section of the connecting lines.
if a pilot point is within a certain distance of a zone boundary, assign that point to both
zones.

d. Blank out the area around the new points as "illegal” for additional pilot point
placement.

3) For each zone, place gridded pilot points

a. Use atriangular grid pattern starting from the northwest corner.

b. If a grid point falls within an "illegal” area, do not place the pilot point.

c. If agrid point falls within a certain distance of a zone boundary, assign the point to both
zones.

Because the zones are unique for each base field, this process was done for each field to be calibrated.
The pilot point locations are the same for all fields, but some points may belong to two zones in one
field and only to one zone in another. As a result, the pilot point identifiers are not necessarily the same
between realizations.
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3.2.1 Transmissivity Specific Pilot Point Settings

In addition to the pumping test wells, some extra points were used to place pilot points in the
transmissivity fields. These were included along the northern and southern boundaries to try to limit the
effects that the fixed-head boundaries would have on transient pumping and the steady-state model
results. The measured transmissivity values from single-well pumping and slug tests were used as fixed

transmissivity points at their corresponding wells — see Table 3-1 for the values used, and see Figure 3-7
for the locations of all the pilot points.
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Figure 3-7. Transmissivity pilot point locations. Blue points are fixed values and red points are
variable parameters. Points may exist in more than one zone, and those zones may change between
realizations, but the pilot point locations are the same for all fields.
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3.2.2 Anisotropy Specific Pilot Point Settings

Anisotropy was unique in that there were no fixed values and therefore no fixed pilot points. This resuit
is due to the single-well tests not providing any estimate of anisotropy, and the multi-well tests
providing too localized an estimate of anisotropy {only valid for a single cell or two in the model). See
Figure 3-8 for the locations of anisotropy pilot points.
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Figure 3-8. Anisotropy pilot point locations. All anisotropy pilot points were variable parameters.
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3.2.3 Storativity Specific Pilot Point Settings

Storativity pilot points were placed in a seemingly opposite manner as for transmissivity, though the
same algorithm was used. The only variable pilot points in the confined zone were along transient
pumping test connectivity axes. The gridded points were set as fixed values, since there was no
information that would allow effective calculation of storativity outside the transient tests. All pilot
points located within the unconfined and transition zones were defined as variable. See Figure 3-9 for
the location of storativity pilot points.
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Figure 3-9. Location of storativity pilot points. Only pilot points along transient pumping test
connections and points in the unconfined zones (zones 1 and 2) were variable, the remaining points
were fixed at the initial storativity value.
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3.2.4 Recharge Specific Pilot Point Settings

Because the recharge zone was a line, only four pilot points were needed in the entire zone. In this case,
the pilot point nearest the western domain boundary was set as a fixed value of 10 m/s, which was
interpreted as 0 by the pre-processors to MODFLOW, and the other three were variable. See Figure 3-10
for the location of the recharge pilot points.
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Figure 3-10. The tocation of the recharge pilot points.
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3.3 Selection of Initial Values

3.3.1 Parameter Initial Values

The initial values for each of the pilot points were defined according to the conceptual model and the
values presented in Hart, Holt & McKenna {2008). For transmissivity, this meant that the same equation
used to create the base transmissivity fields was used to define the initial values for the pilot points,
based on their zone. Anisotropy was set to isotropic conditions (A = 1.0) for all points. Storativity was
defined to start at 1075 for the confined zone (the same value that was used for storativity in AP-088),
at 10-*% in the transition zone, and at 1071® in the unconfined zone. Recharge was initialized as
1073% m/s, which was a value that was found to be sufficiently small to allow MODFLOW to perform
an initial run prior to PEST calibration. The zone-by-zone initial values for each parameter, and the limits
placed on the range the values could take in calibration, are presented in Table 3-1.

Table 3-1. Initial values of parameters at pilot points. See Hart, Holt & McKenna (2008) for T values.

Parameter and Zone log,o Value or Equation Cafibration Limits on logy,
{Dy,,is the depth to Culebra from ground surface} Pilot Point Values
Transmissivity Zone 0 —0.003484 D, ,, — 3.6322 [-19,-1]
Transmissivity Zone 1 —0.003484 D, , —5.6981 [-19,-1]
Transmissivity Zone 2 —0.003484 D, — 2.9463 [-19,-1]
Transmissivity Zone 3 —0.003484 D, — 10.4490 [-19,-1]
Anisotropy {All Zones) 0.0 {-05,05]
Storativity Zone 0 -5 [-5.5,-4.5]
Storativity Zone 1 -4 [-6,-05]
Storativity Zone 2 -1.5 [-2.5-0.5]
Storativity Zone 3 -5 Fixed
Recharge Zone 1 -11 [-19,-1]

3.3.2 Initial Head Field

The creation of the central initial head values was done using a multivariate equation based on the X
and Y coordinates of the cell in question. The equation was designed to keep the northern boundary
just above the measured head at SNL.-1 and the southern boundary below the level measured at H-9¢,
and these constraints were the defining factors on the constants in the equation that follows. This
process was done only once, and the result was used as a static input file for all calibrations. The

creation of the field was done in MATLAB®, using the following equations:




AP-114 Task 7 Report
Page 27 of 187

W —142:1:141
Y ¥ —153:1: 153

LM

3 2

v - () - 65)

oy =928+ 8 (é) + sign (% (abs (%))

For values east of both the H2/M2 and H3/M3 boundaries, the ground-surface elevation was used as the
initial head value. See Appendix A for the full calculation steps and process. The resulting initial head
field is shown in Figure 3-11.
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Figure 3-11. Initial head values for use in MODFLOW steady-state solution. Head values that are dark
red were fixed at the ground surface elevation.
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3.4 Creation of Transmissivity Variogram

The transmissivity variogram was created using transmissivity values calculated from well tests at 62 of
the wells around the WIPP site. Wells outside the model domain and values at SNL-6 and SNL-15 were
excluded from the calculation. The values at SNL-6 and SNL-15 are both several orders of magnitude
lower than at the other wells, and are in a geologically distinct zone, which is the reason they were
excluded. While initial calculations showed that there was some statistical anisotropy, there were not
sufficient measurements in each individual zone to create an anisotropic variogram with confidence. The
complete steps for creating the variogram are presented in Appendix B. The final parameters used are
shown in Table 3-2.

Table 3-2. Parameters for parameter variograms, calculated from transmissivity using an
omnidirectional variogram with lag spacing of 1500 m.

Parameter Value

Moadel Type Exponential
Nugget 0.02 (logye T)°
sill 1.95 (logya T)?
Range 9500 meters

3.5 Creation of Fields from Pilot Point Values

The combination of the pilot point locations and values, the zone boundaries, and the controlling
variogram, was used to create a full set of kriging factors for each parameter. The PEST utility program
PPK2FAC was run once for each parameter to generate a factors file. The factors file contains a set of
linear equations for every cell defining transmissivity {or anisotropy, storativity, or recharge) as a
function of weighted pilot point values. This factor file, along with current pilot point values
{modeled_points_*.dat), is used as input to the PEST utility FAC2REAL to produce a complete field of
values from the smaller set of pilot point values. However, the T, §, A, and R pilot points are estimated in
logyg space, meaning that they must be transformed back into real space prior to use in the numerical

model, In addition to this, default values for non-kriged locations needed to be substituted for certain
zones, and bulk shift values added to all values. To do this, the pre-processing script REALZMQD was
written; the script is documented in Appendix G.

3.6 Observations and Residuals

The observations for the numerical model were selected from the May 2007 steady-state head
measurements at a selection of wells, and from the observations taken during pumping tests across the
past 20 years. The total observation data points used are a subset of the possible observation data
selected to provide accurate representation of the individual pumping test responses. The pumping
tests used, and their references, are presented below.

* H-3 Pumping Test {Beauheim, 1987a)
o 4 Observation Wells
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o 69 total observation data points
*  WIPP-13 Pumping Test {(Beauheim, 1987h)
o 9 Observation Wells
o 167 totai observation data points
+ H-11 Pumping Test (Beauheim, 1989)
o 10 Observation Wells
© 130 total observation data points
¢ P-14 Pumping Test (Beauheim & Ruskauff, 1998)
o 5 Observation Wells
© b3 total observation data points
s H-19/H-11 Multi-well Pumping Test (Beauheim & Ruskauff, 1998)
o 7 Observation Wells
o 143 total observation data points
*  WOQSP-1 Pumping Test {Beauheim & Ruskauff, 1998)
o 2 Observation Wells
© 36 total observation data points
s WOQSP-2 Pumping Test (Beauheim & Ruskauff, 1998)
© 4 Observation Wells
o 77 total observation data points
*  WIPP-11 Pumping Test (Toll & Johnson, 2006b) (Roberts, 2006)
o 12 Observation Wells
o 250 total observation data points
*  5SNL-14 Pumping Test {Toll & Johnson, 2006a) (Roberts, 2006)
o 12 Observation Wells
© 252 total observation data points
» Steady-State Head Measurements {Johnson, 2009) and see {Beauheim, 2009}
o 44 Observation Wells
© 44 total observation data points

3.7 MODFLOW Numerical Model

Inverse calibration requires a numerical model which produces results that can be compared to field or
otherwise known information. In this task, a MODFLOW 2000 (Harbaugh et al., 2000) flow model was
developed for the Culebra that could use the base fields generated in Hart, Holt & McKenna (2008) as
inputs. As was done in McKenna & Hart (2003), the Link Algebraic Multi-Grid (AMG) (Mehl, 2001} solver
was used to improve speed and performance. In addition to transmissivity, it was decided to calibrate
the local anisotropy, storativity, and some recharge as parameters in the calibration. Having these four
parameters ~T, A, S, and R — required a slightly more complex MODFLOW model implementation than
was used in AP-038. Specifically, both storativity and anisotropy were single values previously, and
changing these to cell-by-cell values required the use of the Layer Property Flow (LPF) package instead
of the Block Centered Flow (BCF) package used previously. Using recharge also required the addition of
the recharge package. For the known information, steady-state heads from 2007 and drawdown results
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from nine different pumping tests performed between 1985 and 2008 were used as the measured data.
A diagram of the MODFLOW piece is shown in Figure 3-12.
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Figure 3-12. Flow chart showing the internal numerical model for the inverse calibration.
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4  Subtask B - Inverse Calibration Process
The inverse calibration process used multiple forward calls to evaluate the impact that changing a
parameter value had on the overall fit of the model to the baseline or field data (the objective function).
This process was computationally intensive, and involved 80 processors on two different computing
clusters running for six months to calibrate 200 fields.

4.1 PEST Calibration Process

The inverse calibration process was done using the PEST software and its groundwater utilities. One of
the features in PEST version 9.11 is the Singular Value Decomposition {SYD) feature. This allows a large
number of pilot point parameters to be reduced into a smaller set of "super parameters.” The reduced
number of super parameters can be optimized more quickly than optimizing alt parameters individuaily,
and the PEST process outputs the equivalent pilot point parameters at the end. It was this SVD feature
that allowed the calibration process to be completed in six months using the 80 processors available.
The PEST process is shown in Figure 4-1; the complete calibration process is shown in Figure 4-2,

The completed PEST "mode!" that was calibrated included the creation of the fields from the kriging
factars and pilot points (PPK2FAC, FACZREAL, REALZMOD), the MODFLOW calls, and finally the
observation extraction utilities (MOD20OBS and OBS2REAL) which extract modeled cell head or
drawdown values from a binary MODFLOW output file. For SVD iterations, another preprocessor,
PARCALC, is used ta create the pilot point values from the super parameters. The model script,

mode] . sh, the REALZMOQD script and the OBS2REAL script were written for this task, and are included in
Appendix G. PPK2FAC, FAC2REAL, and MQD2QBS are part of the PEST program,

The first call to the PEST program was a single iteration to calculate the Jacobian matrix. This required
one forward model call for each variable parameter value, of which there were approximately 1100.
Once the Jacobian matrix was calculated, the SYDAPREP program decomposed the Jacobian into
singular values and super parameters. The result was a set of 100 to 300 super parameters that were
then used with a 50-iteration PEST calibration. The termination criteria were: a maximum of 50
iterations, 3 successive iterations without an improvement in the objective function, or a relative
decrease of less than 0.001 in the objective function for 3 iterations.

Once termination criteria had been reached, the PEST program would output the best parameters to a
file. This file was then used to create one final PEST control file which issued a single model run with the
best parameters as input. The results of this final call were then used to calculate the measures of fit
and the final fields.

The run control input file that ran the complete calibration process is presented in Appendix G. Using
the readscript. py run control system allowed automatic check-in of the results to CVS following
calibration.
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Figure 4-1. The PEST calibration process.
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Setup and
Configuration
First PEST ~1100 forward
Invocation model calls, 1 iteration
PEST SVD 200 forward
. model calls per iteration,
Invocation . .
50 iterations
Final PEST Single forward model
Invocation with best parameters
v
Cleanupand
Check-in

Figure 4-2. Complete calibration process for a single field. Steps 2-4 are contained in
“pest_master.sh”, which is an individualized copy of
“Cvs://Tfields::Inputs/scripts/template_pmaster.sh” created by “setup.sh”.

4.2 Calibrated Correction of Steady State Head Values

Because some of the original steady-state data were found to be outdated during the calibration
process, the fields that had been calibrated to the old data needed to be re-calibrated in some way to
the new data. The two wells with the most significant changes, ERDA-9 and SNL-8, had more than one
meter change from the old to new values. The ERDA-9 head was in some ways an expected change,
because the calibrations had consistently been unable to match the old head value, which was too low
compared to the higher corrected value. Without any re-calibration, correcting the value for ERDA-9

produced better model fits.

4.2.1 Localized Recalibration in the Vicinity of SNL-8

The head change at SNL-8 was a different matter altogether. The new value for SNL-8 — which was based
on a recalculation of the freshwater head equivalent {Johnson, 2008) — was several meters lower than
had been previously used in the calibration. Because SNL-8 was not used in any of the transient
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caiculations, and because it was to the east and up-gradient from the WIPP LWB, it was decided to try
recalibrating only a section of the field to correct for the change in SNL-8. it was hoped that this would
allow the T, 5, A and R fields to change to match the SNL-8 head without requiring the week-long re-
calibration for each of the affected fields if the entire domain was recalibrated.

The recalibration process involved fixing all the parameters that had previously been calibrated, except
for those parameters in a rectangular area around and up-gradient from SNL-8. The complete area
definition was 14 km east-west by 9 km north-south with the southwest corner at 616000 m Easting,
3580000 m Northing UTM NAD27 and is shown in red on Figure 4-3. All other aspects of the inverse
calibration, including the forward model and the SVD assist process, were left the same. The resulting
fields had significantly better fits to the steady-state heads, and little impact was seen on the transient
test results (as was expected).

(3566500) Northing UTM NAD27 (3597100}

(601700} Easting UTM NAD27 (630000)

Figure 4-3. Recalibration boundary shown in red to the northeast of the WIPP site. Blue arrow
indicates the location of SNL-8. Axis labels are in meters.
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4.2.2 Continued Recalibration Activity

After examination of the acceptance criteria (discussed in the next section), some fields were
recalibrated again, using the same recalibration process but holding none of the parameter values fixed
at previously calculated values. This process essentially added some additional calibration iterations to
these fields. This was only done on a few fields that were now well within the acceptance criteria for
steady-state heads, and just outside the acceptance criteria for transient tests. The intent of this
additional calibration was to increase the quality of the transient fits to get a total of 100 fields that met
both the steady-state and transient calibration requirements. This re-re-calibration process was
continued until 100 fields were obtained that met the requirements, and it did not always improve fits
(i.e., in some cases the fields were already as well calibrated as was possible given the number of pilot
points and observations and initial conditions).

4.3 Evaluation of Impact of Multiple Calibration Processes

Because some fields were calibrated only once (set B: 50 fields following correction of the steady-state
values), some fields were calibrated once and then underwent a localized recalibration (set A: the 150
first fields calibrated), and some fields even underwent a second round of calibration {set C: 15 fields), it
is natural to wonder what impact this may have had on the final selection of fields. The list of fields, and
the set they belong to, is presented in Appendix E.

Because the final selection process did not look at which set of fields the results were taken from, the
mix of fields should be similar to a random selection if the calibration processes were producing
equivalent results. The random selection of fields from set B can be modeled as a binomial distribution
with the p-value of 0.25 and n=100. If the results are within the 95% confidence interval for a random
selection of fields, then there should be between 17 and 33 fields selected from the set B. The final
results used 83 fields from the set A and C, and the remaining 17 were selected from set B. This is within
the confidence interval, so it is concluded that the different processes had no impact on the selection of
the final fields. The selection of fields from set C versus those from set A can be modeled the same way,
with a p-value of 0.10 and n=83. The final selection included 10 from set C which is within the
confidence interval of 3 to 13 fields, and again the calibration process did not impact the field selection.

Because this mix of final fields is acceptable and came strictly from the cutoff values, and not from any
deliberate attempt to select from one group or another, the analysts believe that all 100 fields meeting
the acceptance criteria are equally good and equally probable representations of the Culebra.
Furthermore, no one calibration procedure is inherently better than any other, provided that the same
acceptance criteria are met, so the use of different procedures may actually improve the representation
of uncertainty in the finai results.

4.4 Selection of Best-Calibrated Fields

The selection criteria for the "best” calibrated fields consisted of comparing the absolute average error
of the modeled steady-state heads to a cutoff value, and comparing the absolute average error of the
modeled transient responses to a cutoff value. The steady-state and transient criteria were evaluated
separately, and only fields that were less than the cutoff value for both sets of tests were selected as the
final fields. The final cutoff values used were the mean value of the errors taken across all 200 fields, and
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they are presented in Table 4-1. Using the mean values resulted in a set of 102 fields, so the two fields
with the largest sum of the two metrics were discarded. In Figure 4-4, the sum of the steady state
average errors was graphed against the sum of the transient pumping tests' average errors, and the
selected and unselected fields are shown. The trend line shows graphically how PEST allows tradeoffs
while keeping the improvement in errors as balanced as possible.

The final, selected field IDs are presented in

Table 4-2. The fields themselves are stored in the "Results” module of the CVS repaository for Task 7.
Each field is identified as "fieldID_Parameter_field.mod", and they are MODFLOW-ready equivalent files
(non-log transformed, conductivity instead of transmissivity, specific storage instead of storativity). The
fields are in separate directories, "R_fields", "S_fields", "K_fields" and "A_fields". Also included in the
Results module are the flow budget files used as input to DTRKMF and the particle tracks produced by
DTRKMF, as is discussed in Section 5.1.

Table 4-1. Cutoff values for final field selection.

Test Type Average Error Selection Cutoff
Steady State 0.699 m
Transient Pumping Response 0.164 m

Table 4-2. Final selected field identifiers.

roo1 rQ55 207 rb52
r002 r058 rz56 ré55
r004 rQ59 r260 re57
r006 r060 r273 re64
r007 ro6l r276 r669
r009 rog4 r279 r694
r010 r070 r298 r707
r0o12 r073 r327 r727
r013 r074 r328 r752
r017 r076 r361 791
r024 ro78 r431 r3o6
r027 r082 r440 v808
ro28 r083 r465 rdo9
r029 r0384 r486 r§14
r032 r0930 r489 r823
r034 r092 rs06 rdcl
r037 r095 r508 r883
ro3s r097 r511 rag2
r040 r098 r515 r91o
041 ri02 r522 r921
r045 rio4 r568 r922
r051 r137 r571 ro40
r052 ri42 r631 r981
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5  Subtask C - Post Calibration Analysis
Subtask C consisted of calculating travel times, performing analyses on the selected fields, and
examining the calibrated forward model outputs. The full results of the forward model outputs are
presented in Appendix C {steady-state), Appendix D {(pumping tests}), and tabular results are presented
in Appendix E; this will be reiterated in the appropriate subsections.

5.1 Calculation of Advective Transport Travel Time CDF

The advective travel time for a particle released at C-2737 over the center of the WIPP disposal panels in
each field was calculated in the same way as was done in AP-088 Task 4 (McKenna & Hart, 2003). The
streamline particle tracking code DTRKMF was used to calculate the path and travel time to reach the
WIPP LWE from the release point. These times were then collected and presented as a cumulative
distribution function. The only file needed from the calibration results to perform this analysis is the
steady-state water budget file, modeled_flow.bud. This file was stored in the Outputs directory for each
calibrated field, and was moved to the Results directory following the transport analysis. This particular
analysis was also done under run-control, and was executed by the run-master and the results extracted
from CVS by the analysts.

The calculation was done with Culebra thickness equal to 7.75 m, and the porosity constant at 0.16
{WIPP parameter DPOROS). The travel times were then scaled to a 4-m-thick Culebra by assuming that
all flux through the entire 7.75-m Culebra thickness was instead focused through only the lower 4 m of
Culebra. (As discussed in DOE {U.S. Department of Energy), 1996, Appendix MASS, MASS Attachment 15-
6, radionuclide transport through the Culebra is modeled as occurring anly through the lower 4 m of the
Culebra.) The camplete list of average observation errors, travel times for 7.75-m thickness, and the
calculated travel times for a 4-m thickness are presented in Appendix E. The CDF of the 4-m travel times
is presented in Figure 5-1. Figure 5-1 also shows the CDF of travel times from the CCA (DOE, 1996) and
CRA-2004 {DOE, 2004). The median travel time for the current fields from the Task 7 analysis is less than
300 years mare than the CCA median time, and, like the CCA, 33% of the fields produce travel times
greater than 10,000 years.

In addition to the travel time, DTRKMF provides the particle streamiines. In Figure 5-2 and Figure 5-3,
the particle tracks for the 100 final selected fields are presented. Figure 5-2 shows the travel up to the
WIPP land withdrawal boundary, with the grayscale color representing the time for the particle to reach
that point on the streamline. Figure 5-3 shows the number of fields producing streamlines that pass
through a particular cell. In addition, Figure 5-3 shows the streamlines continuing to the model domain
boundary.
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Figure 5-1. Advective travel times to reach WiPP LWB.
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Figure 5-2. Particle streamlines to the LWB for the 100 selected fields. The effects of the high-T
channel can be seen in the flow paths.
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Figure 5-3. Particle density in each cell for the 100 final selected fields.
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5.2  Statistical Analysis of Resulting T, A, and S Fields

There are many analyses that can be done on the resulting fields from the calibrations. However, the
most relevant are the mean and standard deviations of the final 100 fields, the bulk transmissivity of the
final fields compared to the bulk transmissivity of the starting base fields, and the advective travel times
presented previously. This section will present the average fields and the bulk transmissivity
comparisons.

5.2.1 Final Transmissivity and Anisotropy Fields

While the anisotropy will be presented separately, the transmissivity values presented in this section are
the effective transmissivity values, which include the anisotropy. (Effective transmissivity {logp T.) was
calculated as logay Tew + %4 108y A — which is the average of logT in the North-South and East-West
directions. See the equation in Section 3.1.2.) The bulk transmissivity, which is the average logy
transmissivity value of all cells in a given zone or zones, was calculated for the central and Salado
dissolution zones (zones 0-2) and compared to the bulk transmissivity of the same zones from the base
fields. The eastern, very low transmissivity zone (zone 3) was compared separately. The bulk
transmissivity values are shown in Table 5-1. The mean effective transmissivity and the standard
deviation of transmissivity are presented in map form in Figure 5-4 and Figure 5-5. The mean effective
transmissivity map does not show the very low T zone in order to keep the color map sufficiently distinct
for the area around the WIPP site.

Because pilot point parameter values were essentially unconstrained for T, some areas in zones 0 and 1
could effectively "change zones" by moving the values in a low-T zone into the range generally
considered "high-T" and vice versa. The defining value for "high-T" was set in Hart, Holt & McKenna
{2008) to be the bulk transmissivity value of the base fields: -5.41 log,, m*/s. At each cell, the number of
fields whose initial and final T values were in the "high-T" zone was calculated, and the maps of those
numbers for the base and calibrated fields are presented in Figure 5-6 and Figure 5-7, respectively. The
total number of fields where transmissivity "changed zones" is represented graphically in Figure 5-8 and
Figure 5-9. In Figure 5-8 and Figure 5-9, the white regions define the areas where the original T values
were "low" or "high," respectively, and could not or did not make the specified change. The two
measures shown in these sets of maps provide an indication of how the geologically based conceptual
model used to create the base fields was altered by the steady-state and transient hydraulic
information.

The mean and standard deviation of anisotropy is presented in Figure 5-10 and Figure 5-11. These maps
show that changes in the hydraulic anisotropy can stay constrained between 0.5 and 5.0, and that the
most significant and consistent changes occur within the high-T area to the west of the dissolution
boundary. In the halite-cemented zone (Zone 3), the head is fixed, and there are no pilot points; an
artifact of the parameter field conversion is that the means and standard deviations are not zero for
anisotropy in this zone.
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Table 5-1. Bulk log,,transmissivity values comparison.
Base field bulk logy, transmissivity (Zones 0-2) —5.41 logo(m?/5)
Calibrated field bulk logy, transmissivity (Zones 0-2)
Base field bulk log,, transmissivity (Zone 3)
Calibrated field bulk log,, transmissivity {Zone 3)
Mean Effective Transmissivity (Te)
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Figure 5-4. Mean effective transmissivity for zones 0-2 across the 100 final selected fields.
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Figure 5-5. Standard deviation of effective transmissivity for all zones across the 100 final selected
fields.
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Figure 5-7. Number of fields where a given cell was a member of

Figure 5-6. Number of fields where a given cell was a member of
the "High-T" zone, calculated for the final transmissivity values.

the "High-T" zone, calculated for the base T values.
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Figur‘e 5-8. Number of fields where cells that started as low-T became high-T. Calculated for each cell.



AP-114 Task 7 Report

Page 47 of 187
Cell Changed from High T to Low T
100
3595000 %0
80
3590000
E 70
P~ [
§ 3585000 60 3
g i
= 50 ©
D 3580000 2
> 40 §
£ Z
5
Z 3575000 20
20
3570000 10

605000 610000 615000 620000 625000 630000
Easting UTM NAD27 (m)

Figure 5-9. Number of fields where cells that started as high T became low T. Calculated for each cell.
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Figure 5-10. Average anisotropy values across the 100 final fields. Positive numbers indicate strong
north-south anisotropy, while negative numbers indicate strong east-west anisotropy. Values in zone
3 (halite-bounded) are non-zero because a shifting term was applied for that zone.
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Figure 5-11. Standard deviation of anisotropy values across the 100 final calibrated fields. Values in
zone 3 (halite-bounded) are non-zero because a shifting term was applied for that zone.
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5.2.2 Final Storativity Values
The mean and standard deviation of the final storativity values are presented in Figure 5-12 and Figure
5-13. The mean storativity values indicate that the overall storatlvity values in the confined and
transitional zones did not change much from the initial values, however the area northwest of P-14
shows high variability in the storativity values used in individual solutions (Figure 5-13). This may have
some relation to the relatively poorer fits of the transient data for the WIPP-25 response to the P-14
pumping test in the model.
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Figure 5-12. Mean storativity values across the 100 final calibrated fields. Values in zone 3 (halite-
bounded) are non-zero because a shifting term was applied for that zone.



AP-114 Task 7 Report

Page 51 of 187
Standard Deviation of Storativity
05
3
(9
S 3585000 0.4
=L
= 2
g
E 3580000 032
(=]
£
S
.2
2 3575000 0
0.1

605000 610000 615000 620000 625000 630000
Easting UTM NAD27 (m)

Figure 5-13. Standard deviation of storativity values across the 100 final calibrated fields. Red ellipse
shows P-14 to WIPP-25 area of influence. Values in zone 3 (halite-bounded) are non-zero because a
shifting term was applied for that zone.
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5.2.3 Final Recharge Values
The final recharge values were all less than the initial values of 10™" m/s (3.2 x 10° m/yr). Compared to

the other parameters, there was very little change in recharge. Because the recharge zone was linear, in

addition to the cell-by-cell mapping, a view of the average, minimum and maximum recharge values, in
meters per year, is shown as a cross section in the X-direction (across a row) as if looking from the South
to the North through the domain in Figure 5-14, Figure 5-15 shows the map of recharge, where all the

white cells represent no recharge.
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Figure 5-14. Recharge as viewed through columns from the south. The initial value was set at -3.5
logig m/fyear, which is the maximum y-value on the graph. The sharp dropoff to the west is the
transition to the single fixed-recharge point of -11.5 log, m/year (interpreted as 0 by REAL2MOD).
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Figure 5-15. Map of average recharge across final 100 selected fields.
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5.3 Forward Model Results using the Calibrated Fields

The two main divisions of the results are the steady-state head results and the pumping test results. The
results presented here only represent the 100 final selected fields, and therefore the maximum error is
limited by the selection criteria described in Section 4.4: an average steady-state error of less than 0.700
m and an average pumping test observation error of less than 0.164 m.

Figure 5-16 shows the modeled steady-state head values plotted against the measured head values. The
one-to-one correspondence line shows the ideal match, and the modeled results are presented as box-
and-whisker plots at each observation well. Figure 5-17 shows all the head errors for all 100 fields as a
histogram of error values for steady-state head. Additional figures and tables are presented in Appendix
C. The estimated measurement error can be modeled as a zere-mean Gaussian distribution with a
standard deviation of 0.10 m (McKenna & Wahi, 2006). The measurement error distribution curve is
included in Figure 5-17.

Graphs for each of the transient pumping test results are presented in Appendix D. The average error of
the final fields ranged from 0.12 m to 0,164 m across all tests, with an average error of 0.15 m. The
maximum error for a single observation well ranged from 0.005 m to 2.5 m, with an average of 0.36 m
as the maximum error at a given observation well,
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Figure 5-16. Results for 42 of the 44 total steady-state head measurements for the 100 selected fields.
Observed field values are indicated by cross hatches along the 1-to-1 line. Wells SNL-6 and SNL-15 are
located in the fixed-head region of the model, and they are not shown on this graph.
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Figure 5-17. Histogram of steady-state head errors for the 100 selected fields. Wells SNL-6 and SNL-15
are not included. Red dashed line is the +/- 3g section of the measurement error PDF. Seeming slight
skew to right is an artifact of the binning.
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6 Conclusion
The calibration of the Culebra T fields accomplished in Task 7 of AP-114 was completed by integrating a
comprehensive geclogic conceptual model (developed in Hart, Holt & McKenna, 2008) with a large set
of hydraulic data, including nine pumping tests with a total of 65 observation wells and 1300+
measurements, along with 44 steady-state head measurements. The large number of parameter values
and pilot points used was only possible due to the large computing resources available and the advances
in inverse calibration techniques that were included in the software used. In general, calibration reduced
the model errors by a factor of 5 to 7 refative to the uncalibrated base fields (as is evidenced in the run
log files).
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The shorthand notation “CVS://” will be used to represent “:ext:alice.sandia.gov:/nfs/data/CVSLIB” in text and
graphics. The first directory listed after the prefix is the CVS repository, and “:;” will be used between the
repository name and the first module directory. For example, “CVS://Tfields::inputs/data” refers to the “data”
subdirectory of the “Inputs” module in the “Tfields” repository located on alice.sandia.gov.

The notation “r???” is used to represent the realization identifier for a particular base field. This identifier is
used throughout the calibration process to indicate both the base field and resulting data files.
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Appendix A: Routine Calculation - Creation of Initial Head Field

The creation of the initial head field was accomplished using MATLAB® 7.7.0 (r2008b). The two input
files used were "elev_surface.mod" and "init_bnds .inf" from the "Inputs/data" module in CVS. The
output file was "tnit_head.mod" and is also contained in the "Inputs/data" module. The MATLAB
script that was used is presented in Listing A-1, and is available at

cvs://TTields: :analysis/MATALAB/create_heads.m, and the output, as captured using the "Publish"
feature in MATLAB, is presented following the table in Figure A-1 to Figure A-6, as noted in the script
comments. The equations used in this script are presented in Section 3.4.

Listing A-1 - Script used ta create the initial head surface for the steady-state model.

%% Configure the grid, based on a zero-center with I,J indices. See Figure A-1
[x,Y] = meshgrid(-142:141,-153:153);
Z =928 +8 .* ( (v./153) + sign(y./153). *(abs(Y /153).A01/2)) ) + ...
1.2 % (- (X./142).A2 + (X./142).A3 - (X./14 )
mesh (X,Y,Z2);

%% Load the surface values for head in the eastern, fixed head region. Figure A-2
lToad elev_surface.mod;

head = reshape(e1ev surface 284,307

head = head{end:-1:1,:);

mesh(X, Y, head);

%% Load the Tlow boundaries. Figure A-3
load init_bnds.inf;

bnds = init_bnds(end:-1:1,:);
mesh{X,y,bnds);

%% Clean up the flow boundaries. Figure A-4
bnds{bnds==1)=0;

bnds(bnds==-1)=1;

mesh(X,y,bnds);

%% Create the new head values. Figure A-3
newHead = head.*bnds + Z.*-bnds;
mesh{X,Y,newHead) :

%% Fix the edges. ure A-6
newHead(:,1) = Z( 1?
newHead(l,:) = z2(1,:);
newHead(307 1: 141) = 2(307 1:141);
newHead(1:4,end) = 2(1: ,end)
mesh(x,Y,newHead);

%% save final head field
newHead = newHead(end:-1:1,:);

save('init_head.mod"', 'newHead','-ASCII')
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Figure A-1: Initial parametric surface calculated using X and Y.

Figure A-2: The ground surface elevation that was used for the low-T zone head.
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Figure A-3: Flow values for the different zones from the MODFLOW boundaries.
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Figure A-4: Masking parameters created from flow boundaries.
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Figure A-5: Combined parametric and surface elevation values.

Figure A-6: Final initial head fleld with boundary conditions correct.
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Appendix B: Routine Calculation - Creation of Transmissivity

Variogram
A total of 65 wells provide some information on transmissivity in the Culebra within or near the model
domain. Two wells, IMC-461 and SNL-6, provided only qualitative information onlogyq T at the time of

this analysis and were not used in this analysis. 10gyg 7 (m?/s) measurements are available at 63 of
these well, and 62 of those T values were used in the analysis. Well SNL-15 has alogyq T value, -12.9,

that is more than 5 orders of magnitude below that of the next lowest T measurement and this well was
removed from the variogram analysis as an outlier. Removal of this well from the analysis was based on
the very low T measurement and also well SNL-15 being located in the geologically defined low-T zone
to the east of the WIPP site.

For each of the 62 1agy, T values used in this analysis, the well name, depth to Culebra and the easting

(X} and northing (Y} coordinates are also given in UTM, These data are contained in the same file used
for Task 5 of this AP. These data are used to create variograms of the logy4 T values in the VarioWin

COTS software package. The variogram model and parameters are then used as input to the T-field
optimization within PEST 9.11.

Several preprocessing steps were necessary prior to the calculations in VarioWin. The input files listed
here are all available in CVS under the Analysis/DataFiles module. These were accomplished within the
T_wells_utMNAD27.x1s file in additional worksheets added to the original worksheet containing the
data listing:

1) In order to render the data set to be more amenable to the variogram calculations in VarioWin,
the data coordinates were translated from the original coordinates by subtracting a value of
600,000 from each Easting {UTM X) coordinate and a value of 3,500,000 from each Northing
{UTM Y) coordinate. This translation was accomplished in the T_wel1s_uTMNAD27 . x1s file in the
“PreVario” worksheet and the locations of the well data both prior and after the translation are
shown in Figure B-1. This translation does not affect the shape of the variogram or the fit of the
variogram model and there was no need to back-transform these coordinates after the
variogram calculations.

2) VarioWin requires a tab delimited text file as input. This file contains 3 columns: the translated
X and Y UTM coordinates and the data values in logya T space. This file is organized in the

“data_file” worksheet within the T_we11s_utMNADZ7.x1s file. Additionally, the blank rows in
the original worksheet used for organizational purposes are removed from this worksheet. The
3 columns in the “data_file” worksheet are saved as a tab delimited text file and the 5 line
header required by Variowin is added to this file. This file is analysis/DatarFiles/T_wells.dat
in CVS.

The first step in the variogram calculation and modeling was to try and identify any statistical anisotropy
in the spatial correlation of the data. This check was completed through calculation of a “variogram
map” (Figure B-2). The variogram map provides a top-down view of the variogram values radiating
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outward to increasing lag spacings in all directions from the center point of zero lag spacing. The lag
spacing used for this calculation is 2500m in the X and Y directions. Figure B-2 shows some indication of
stronger correlation in the NE-SW direction at short lag spacings, but further analysis with directional
variograms showed that these differences were insignificant.

950000
S0000.0
250000
800000
75000 0
700000

65000 0
595000 600000 6GO5000 610000 615000 620000 625000 50000 a0 50000 100000 150000 200000 250000

Figure B-1: Locations of wells used in the calculation of the log10 T variograms. The original and translated coordinate
systems are shown in the left and right images, respectively.

For these analyses an omnidirectional variogram is calculated and fit with an exponential model. The
variogram parameters are given in Table B-1 and Figure B-3 shows the experimental and model
variograms. The emphasis in fitting the variogram model was on matching the experimental points with
the smallest lag spacings and to constrain the model to the theoretical sill that is the variance of the
data set (horizontal dashed line in Figure B-3}. As expected, the variogram model showed a lower
nugget and a larger range relative to the residual variogram used in the previous CRA calculations. The
parameters in Table B-1 were used directly as input to the PEST PPK2FAC utility.

20000
= Y
12500

-7500 n 4!.
-10000 o
-12500 A
-15000 s wl
-17500
Figure B-2: Variogram map showing the dependence of the variogram values on
the orientation. The color scale indicates the variogram value and the black
triangle identifies the theoretical sill {(variance of the data set).
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Table B-1: Variogram parameters for isotropic fit. Omnidirectional variogram calculated with a lag spacing of 1500m.

Parameter Value
Model Type Exponential
Nugget 0.02 {log10 T)*
Sill 1.95 (log10.1)’
Range 9500 meters
r(lhl) Omnidirectional
' 352 286 240
27 F * . . 154
' 226 *
24 I~ 370 *
21k *
1.8
1.5
1.2
0.9
0.6
0.3
O 1 1 i L 1 1 ] -~
0 2000 4000 £000 8000 10000 12000 14000
{hi

Figure B-3: Experimental variogram {black dots} and exponential model {black line).
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Appendix C: Results - Modeled Steady-State Head

This appendix contains the data and results of the steady-state modeled head on the complete set of
200 fields and the final set of 100 fields. The figures that are presented represent only the results of the
100 best fields. The data tables and summaries will provide details for all fields. The field measurements
for the 44 wells used are from (Johnson, 2009} and are presented in Table C-1.

Table C-1: Field frashwater head equivalent measurements.

Well Name Head (m AMSL) Well Name Head {m AMSL)
Cc-2737 921.23 SNL-9 932.05
ERDA-9 924.88 SNL-10 931.54

H-2b2 929.62 SNL-12 915.24
H-3b2 918.68 SNL-13 918.19
H-4b 916.34 SNL-14 916.33
H-5b 939.12 SNL-15 1060
H-6b 936.44 SNL-16 918.68
H-7b1 914.58 SNL-17 916.78
H-9¢ 912.8 SNL-18 939.87
H-10c 922.02 SNL-19 937.58
H-11b4 917.09 usGgs-4 91i1.11
H-12 916.53 WIPP-11 940.65
H-15 92(.32 WIPP-13 939.78
H-17 916.24 WIPP-19 933.66
H-19b0 918.84 WIPP-25 937.57
IMC-461 928.95 WIPP-30 939.37
SNL-1 941.86 wQspP-1 938.28
SNL-2 937.65 WQSP-2 939.87
SNL-3 936.81 waQsk-3 936.43
SNL-5 938.59 WQSsP-4 919.5
SNL-6 1110 WQSP-5 918.18
SNL-8 929.94 wQ5sP-6 921.96

In Figure C-1 through Figure C-6, the distribution of the 100 best results is compared to the measured
values on a well-by-well basis, from lowest observed values to highest observed value. SNL-6 and SNL-15
are fixed, and are not presented. in Figure C-7 through Figure C-10, the one-to-one correspondence of
expected value vs. modeled value for head is plotted to give an idea of the total fit of the final fields. In
all the graphics, the modeled values are presented as gray markers and the observed values as red
markers. The box-and-whisker markers include whiskers at the 2.5% and 97.5% values and a box around
the central 50%; the median value is marked with a black line.
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Figure C-1: First set of observed and measured steady-state head values presented by well name.
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Figure €-2: Second set of ocbserved and measured steady-state head values prasented by well name.
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Figure C-3: Third set of observed and measured steady-state head values presented by well name.
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Figure C-4: Fourth set of observed and measured steady-state head values presented by well name.
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Figure C-5: Fifth set of observed and measured steady-state head values presented by well name.
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Figure C-G: Last set of observed and measured steady-state head values presented by weill name.
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Figure C-7: The wells that defined the steady-state fit presented along a one-to-one axis, where the exact match would be on
the axis. Measured values are presented is red "X" marks. The following three figures are subsets of this graph.
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Figure C-8: The first 13 wells presented along the one-to-one line.
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Figure C-2: The central 14 wells presented along the one-to-one line.
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Figure C-10: The final 14 wells presented along the one-to-one line.



AP-114 Task 7 Report
Page 82 of 187

[ THIS PAGE INTENTIONALLY LEFT BLANK ]



AP-114 Task 7 Report
Madeled Responses to the H-3 Pumping Test Page 83 of 137

Appendix D: Results - Pumping Test Responses

This appendix provides the pumping test results for the 100 selected fields in graphical form. Each
observation well has the field measurements presented with the 100 modeled responses plotted with
box-and-whisker plots at the observation points used in the PEST calibration.

D.1 Modeled Responses to the H-3 Pumping Test
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D.2 Modeled Responses to the WIPP-13 Pumping Test
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D.3 Modeled Responses to the H-11 (1988) Pumping Test
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D.4 Modeled Responses to the P-14 Pumping Test
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D.5 Modeled Responses to the H-19b0 Pumping Test
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D.6 Modeled Responses to the WQSP-1 Pumping Test
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D.7 Modeled Responses to the WQSP-2 Pumping Test
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D.8 Modeled Responses to the WIPP-11 Pumping Test
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D.9 Modeled Responses to the SNL-14 Pumping Test
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Appendix E:

The following is a tabulated list of the results from all 200 calibrated fields in order by base field

identifier. Each row contains: the field ID, the field set (A: Recalibrated; B: Calibrated; C: 2x-

Tabulated Calibration Results

Recalibrated), whether the field is in the final selected fields, the average steady-state head error in
centimeters, the average transient pumping test error in centimeters, the 7.75-m thickness advective

travel time to the land withdrawal boundary and the 4-m thickness advective travel time.

Field Calibration Steady State Pumping Selected Travel Travel 4-m
ID Set Average Error Response Average Fields 7.75-m {y)
{em) Error (cm) {y)
r000 A 81.07 18.23 - 14831 7655
ro01 A 65.59 15.78 Final 7152 3691
roo2 A 64.3% 15.24 Final 9094 4694
r003 A 91.04 17.75 - 23669 12217
r0o4 B 62.71 15.97 Final 28905 14919
r005 A 64.14 17.35 - 21058 10868
r006 A 55.91 13.83 Final 5447 2812
¢007 C 64.10 14.37 Final 16916 8731
r008 A 100.52 17.26 - 12683 6546
r009 A 64.98 15.24 Final 24687 12742
r010 A 55.37 13.84 Final 18239 9414
ro11 A 53.59 17.05 - 21555 11125
¥012 A 54.32 1591 Final 30523 15754
r013 C 68.79 15.19 Final 13983 7217
r014 A 93.14 19.11 - 6317 3260
r015 A 69.42 17.67 - 8980 4635
r016 A 94.64 18.63 - 8637 4458
r017 C 67.84 14,22 Final 14099 7277
r018 B 98.77 17.86 - 35321 18230
r019 A 68.32 17.27 - 8323 4298
r021 B 66.73 17.37 - 5678 2931
r022 B 112.34 20.11 - 11227 5794
r023 B 106.54 22.99 - 10413 5374
r024 B 69.37 15.94 Final 2061 4677
r026 B 66.34 19.51 - 36402 18788
r027 B 62.06 12.45 Final 10763 5555
r028 B 50.46 14.41 Final 33094 17081
r029 B 57.31 15.13 Final 37387 19296
r031 A 72.28 17.65 - 11203 5782
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Field Calibration Steady State Pumping Selected Travel Travel 4-m
ID Set Average Error Response Average Fields 7.75-m {v)
(cm} Error {cm) {y)

ro32 A 64.65 14.44 Final 9873 5096
r033 A 86.34 18.08 - 44912 23180
r034 A 67.13 15.12 Final 11158 5759
ro3s A 90.27 16.56 - 39496 20385
ro3e A 66.89 17.69 - 14549 7509
r037 A 61.62 15.90 Final 38390 19814
ro3s A 48.93 14.77 Finai 15409 7953
ro39 A 67.33 18.50 - 43732 22571
ro40 A 59.60 15.98 Final 71972 37147
ro4l A 67.33 15.66 Final 15738 8123
ro42 A 66.77 17.49 - 9536 4922
ro43 B 86.15 16.28 - 14809 7643
ro44 A 70.67 16.93 - 13992 7222
ro4s A 58.45 16.15 Final 7976 4117
ro46 A 87.22 20.76 - 12981 6700
r047 B 63.89 16.74 - 20057 10352
ro4s A 81.40 22.25 - 8745 4514
ro4s A 60.42 16.85 - 7128 3679
r050 A 71.39 18.79 - 11186 5774
r051 A 59.45 13.79 Final 23764 12265
ros2 A 57.15 14.93 Final 39215 20240
ros3 A 62.73 16.36 Final 15352 7924
ro54 A 52.68 13.49 Final 18407 9500
r055 A 64.51 15.73 Final 30067 15518
r056 A 71.42 14.05 - 6565 3388
r057 A 64,40 17.03 - 12034 6211
r058 A 63.87 15.44 Final 79964 41272
ro59 A 52.28 16.28 Final 18194 9390
r060 A 54.55 15.73 Final 18765 9685
ro6l A 65.92 14.75 Final 9877 5098
r062 A 78.65 18.43 - 8524 4399
ro63 B 115.33 22.05 - 12717 6564
r064 A 62.69 15.85 Final 14416 7441
r065 A 69.87 15.94 - 16160 8340
r066 A 129.90 23.15 - 7905 4080
r067 A 96.78 19.55 - 8327 4298
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Field | Calibration Steady State Pumping Selected Travel | Travel 4-m
1D Set Average Error Response Average Fields 7.75-m (y)
{cm} Error {cm) (v)

r068 C 69.72 16.22 - 10202 5266
r069 A 77.96 18.57 - 14968 7725
r070 A 63.30 14.10 Final 14434 7450
r071 B 78.50 15,55 - 11499 5935
r072 B 102.28 17.15 - 12513 6458
r073 B 59.90 14.26 Final 33710 17399
r074 B 65.43 14.46 Final 18055 9319
r075 B 73.55 17.16 - 17109 8831
r076 B 55.28 13.83 Final 13516 6976
ro77 B 72.50 15.86 - 9067 4680
r078 B 56.21 14.66 Final 33382 17230
r079 B 60.07 16.38 - 14636 7554
r080 B 65.43 16.86 - 8617 4447
r081 B 88.69 18.28 - 13205 6816
r082 B 60.58 13.29 Final 21281 10984
r083 B 54.69 13.28 Final 19296 9959
r084 B 61.87 15.33 Final 9196 4746
r085 B 76.15 17.30 - 9536 4922
r086 B 71.04 15.80 - 39643 20461
rQ87 A 71.83 18.37 - 9241 4769
r088 B 92.99 20.04 - 11647 6011
r089 B 8231 18.18 - 20750 10710
r090 B 53.99 14.52 Final 9013 4652
091 B 72.00 17.24 - 12495 6449
r092 A 60.90 14.01 Final 19718 10177
093 B 94.46 17.29 - 21402 11046
094 B 76.58 15.67 - 27838 14368
095 A 66.49 15.96 Final 7194 3713
r096 8 65.15 16.59 - 19323 9973
r097 B 55.24 14.48 Final 17066 3808
r098 B 54.02 13.03 Final 24384 12585
r099 B 72.28 15.81 . 31940 16485
r100 A 80.08 22.93 - 8451 4362
r101 e 83.30 17.08 - 8271 4269
r102 B 58.80 13.89 Final 38079 19654
r103 B 111.22 18.22 - 15901 3207
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Field | cCalibration Steady State Pumping Selected Travel | Travel 4-m
ID Set Average Error Response Average Fields 7.75-m v}
{cm) Ercor {cm) {v)

r104 B 55.40 15.35 Final 21870 11288
r105 B 67.51 18.16 - 17013 8781
rioe A 70.05 12.92 - 10819 5584
r107 B 76.60 14.95 - 73697 38037
r108 B 83.67 16.17 - 18871 9740
rl09 B 56.88 17.39 - 42665 22021
rii7 A 73.49 19.06 - 10945 5649
r118 B 90.83 15.85 - 6052 3124
r119 B 82.24 18.52 - 12926 6671
r120 B 8191 17.72 - 3116 1608
rli3 A 93.19 21.17 - 13843 7145
ri3z C 61.74 14.17 Final 9853 5085
r140 A 87.10 17.48 - 12147 6269
rial A 194,99 27.87 - 11202 5782
ria2 A 68.00 15.35 Finai 90229 46570
ri49 A 99.18 18.37 - 10221 5275
rl51 A 139.79 34.21 - 6734 3476
ri91 A 64.48 15.47 Final 9810 5063
r203 A 66.17 15.39 Final 5965 3079
r207 C 60.36 13.93 Final 10002 5162
r228 A 71.26 15.24 - 10776 5562
r245 A 81.15 16.63 - 7834 4043
r256 A 45,59 15.88 Final 25838 13362
r257 A 72.38 17.78 “ 37561 19387
r260 A 69.33 14.95 Final 10978 5666
r272 A 74.42 19.75 - 17708 9140
r273 A 61.08 15.71 Final 19453 10040
1276 A 61.38 16.07 Final 16163 8342
r279 A 61.02 14.69 Final 12900 65658
r298 A 49.15 15.30 Final 35071 18101
r3i2 A 119.32 21.46 - 14678 7576
r32e C 72.79 16.63 - 9145 4720
r327 C 64.76 15.81 Final 7905 4080
r328 A 57.66 15.41 Final 7373 3306
r332 A 59.05 17.22 - 8411 4341
r348 A 74.92 16.37 - 8141 4202
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Field Calibration Steady State Pumping Selected Travel Travel 4-m
ID Set Average Error Response Average Fields 7.75-m {y)
(em) Error {cm) (y)

r353 A 30.65 18.60 - 19977 10311
r359 A 78.44 15.26 - 17541 9054
riel A 61.97 14.33 Final 13794 7119
r3ig4 A 72.09 15.85 - 24620 12707
r404 A 67.35 16.63 - 9213 4755
ra3l A 55.90 15.13 Final 11891 6137
r440 A 60.97 15.46 Final 4982 2571
r452 A 70.63 16.06 - 11429 5899
r465 C 65.48 14.62 Final 8153 4208
ra73 A 66.16 16.96 - 5970 3081
r486 A 51.75 13.13 Final 10277 5304
ra89 C 69.60 14.85 Final 10755 5551
r506 A 60.81 13.51 Final 9168 4732
r508 A 59.92 14.49 Final 22407 11565
r511 A 66.10 14.28 Final 14416 7441
r515 A 65.92 15.19 Final 13721 7082
r522 A 58.64 14.88 Final 37305 19254
r527 A 83.89 17.85 - 18442 9518
rses A 62.93 14.70 Final 50379 26002
r569 A 66.61 16.47 - 12118 6254
r571 A 62.84 13.98 . Final 9323 4812
r593 A 74.59 17.43 - 38887 20071
r>98 A 63.41 18.39 - 19294 9958
re0e A 80.93 16.15 - 6162 3180
r631 A 57.47 13.46 Final 14132 7294
r634 A 64.53 14.19 Final 31995 16514
r640 A 54.72 14.81 Final 12785 6599
red3l C 65.55 17.35 - 15360 7928
r647 c 70.01 15.45 - 4619 2384
r650 A 32.98 18.57 - 14838 7659
ré52 A 63.41 15.26 Final 14157 7307
réss A 58.67 14.38 Final 21569 11132
r657 A 54.96 12.86 Final 13498 6967
ré64 A 52.72 14.34 Final 51434 26546
r669 A 64.11 13.72 Final 10216 5273
r694 A 60.86 15.06 Final 32963 17013
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Field Calibration Steady State Pumping Selected Travel Travel 4-m
D Set Average Error Response Average Fields 7.75-m {y)
{em) Error {cm) {y)

r707 A 58.08 15.61 Final 12210 6302
r727 A 69.05 15.95 Final 20053 10350
r731 A 75.01 16.95 - 48421 24992
r752 A 65.92 14.23 Final 15672 8089
r791 A 48.93 15.86 Final 15888 3200
r806 A 68.81 16.17 Final 9366 4834
r8os A 55.40 12.95 Final 7511 3877
r809 A 58.19 14.45 Final 12152 6272
r814 A 58.28 15.60 Final 13481 6958
r823 A 57.17 15.55 Final 12720 6565
rédl A 70.77 15.92 - 10322 5328
r3ag A 62.25 16.78 - 7252 3743
r361 A 63.12 15.68 Final 14957 7720
r865 A €4.50 18.10 - 16042 8280
r880 C 66.46 16.71 - 13543 6990
r883 A 62.42 13.24 Final 11062 5709
ra02 A 48.49 14.82 Final 16580 8557
raos A 64.17 18.17 - 17324 8942
ralo A 50.16 15.10 Final 143204 73912
r921 A 57.54 15.00 Final 8427 4350
r322 A 55.64 © 14.38 Final 14p06 7229
r937 A 68.90 17.53 - 44608 23023
ro4o C 65.93 15.85 Final 5818 3003
rgl C 57.84 15.13 Final 34084 17592
rag2 A 53.02 15.34 Final 77947 40231
1984 A 50.66 13.90 Final 29312 15129
rag7 A 6742 17.44 - 7733 3591
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Appendix F:

Files Used - Descriptions and Locations

Table F-1. Static input files located in the Inputs module of the CVS repository for this task.

File under CVS://Thields::Inputs

Brief Description

./config

Directory containing configuration and input files

./config/dtrkmf_domain.inp

DTRKMF Input file for particle tracks extending to the

./config/dtrkmf_wipplwh.inp

DTRKMF Input file for particle tracks to the WiPP WLB

./config/facZreal_points_A.in

FAC2ZREAL input control file for anisotropy

./config/fac2real_points_R.1in

FACZREAL input control file for recharge

./config/fac2real_points_S.in

FACZREAL input control file for storativity

JJfeconfig/fac2real_points_T.in

FACZREAL input control file for transmissivity

.fconfig/mod2obs_hll.in

MOD2OBS input control file for the H-11 pumping test

./config/modZobs_h19.1n

MOD20BS input control file for the H-19 pumping test

./config/mod2obs_h3.in

MOD20BS input control file for the H-3 pumping test

./config/mod2obs_head.in

MOD20BS input control file for the steady-state test

./config/mod2obs_pl4.in

MOD20BS input control file for the P-14 pumping test

./config/mod2obs_sniid. n

MQOD20BS input control file for the SNL-14 pumping test

./config/mod2obs_wippli.in

~ MOD20BS input control file for the WIPP-11 pumping test

./contig/mod2obs_wippl3.in

./config/mod2obs_wgspl.in

MODZ2Q0BS input control file for the WIPP-13 pumping test

MOD20BS input control file for the WQSP-1 pumping test

./contig/mod2obs_wqsp?.in

MQOD20BS input control file for the WQSP-2 pumping test

./config/obsZreal_hii.in

QBS2REAL input control file for the H-11 pumping test

./config/obs2real_h19.1n

OBS2REAL input control file for the H-19 pumping test

./config/obs2real_h3.in

OBS2REAL input control file for the H-3 pumping test

./config/obs2real_head.in

OBS2REAL input control file for the steady-state test

.Jfconfig/obs2real _pld.in

OBSZREAL input control file for the P-14 pumping test

. /config/obs2real_sniid.in

OBS2REAL input control file for the SNL-14 pumping test

./conftig/obs2reai_wippll.in

OBS2REAL input control file for the WIPP-11 pumping test

./config/obs2real_wippl3.in

OBS2REAL input control file for the WIPP-13 pumping test

./config/obs2real_wqgspl.in

QBS2REAL input control file for the WQSP-1 pumping test

./config/obs2real_wgsp2.in

QBS2REAL input control file for the WQSP-2 pumping test

./contrg/ppk2fac_points_A.in

PPK2FAC input control file for anisotropy

./config/ppk2fac_points_R.in

PPK2FAC input control file for recharge

./config/ppk2fac_points_5.1n

PPK2FAC input control file for storativity

./config/ppk2fac_points_T.1in

PPK2FAC input control file for transmissivity

./config/settings.fig

Configuration file for PEST programs

./config/spec_connect_A. st

INIT2PEST well connections input data for anisotropy

./config/spec_connect_R. Ist

INIT2PEST well connections input data for recharge

./config/spec_connect_s. st

INIT2PEST wel connections input data for storativity
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File under cvS://Thields::Inputs

Brief Description

config/spec_connect_T. st

INIT2PEST well connections input data for transmissivity

config/spec_domain. spc

Grid specification file for PEST programs

config/spec_info.lst

Information regarding recharge and travel times

config/spec_Tocs crd

Well names and coordinates

config/spec_ohservations.in

INIT2PEST input file - see Appendix G

config/spec_parameters.|st

List of parameters (T, 5, R, and A)

config/spec_points_aA.1in

INIT2ZPEST input file - see Appendix G

config/spec_points_R.1n

INIT2ZPEST input file - see Appendix G

config/spec_points_s.in

INIT2PEST input file - see Appendix G

config/spec_points_T.1n

INIT2PEST input file - see Appendix G

config/spec_pumping.dat

Information regarding pumping dates and times

config/spec_recharge.crd

Recharge locations and coordinates

config/spec_setup.in

INIT2PEST input file - see Appendix G

config/spec_slavefiles.1st

List of files to copy to each slave node

config/spec_stead

st

config/spec_test

T

List of steady-state test IDs

Information regarding pumping dates and times

config/spec_transient.Tst

List of transient test IDs

contig/spec_variogram.str

Variogram structure file

contig/spec_weights. Ist

Observation Weights

config/spec_wells.crd

Well names and coordinates

data

Directory containing hard data

data/elev_bot.mod

Elevation of bottom of the Culehra

data/elev_culebra.geo

Elevation of the center of the Culebra

data/elev_culebra.mod

Elevation of the center of the Culebra

data/elev_overburden.geo

Overburden thickness map

data/elev_overburden.mod

Overburden thickness map

data/elev_surtace.mod

Ground surface elevation map

data/elev_top.mod

Elevation of the top of the Culebra

data/fixed_points_A.ppt

Fixed pilot point locations and values for anisotropy

data/fixed_points_R.ppt

Fixed pilot point locations and values for recharge

data/fixed_points_S.ppt

Fixed pilot point locations and values for storativity

data/fixed_points_T.ppt

Fixed pilot point locations and values for transmissivity

data/init_bnds.inf

Initial bead field boundary conditions

data/init_head.mod

Initial head field

data/meas_h1l.smp

Pumping test observations

data/meas_h19. smp

Pumping test observations

data/meas_h3.smp

Pumping test observations

data/meas_head. smp

Steady state head observations

data/meas_pl4.smp

Pumping test observations

data/meas_snil4. smp

Pumping test observations
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File under CVS://Tfields::Inputs

Brief Description

data/meas_wippll.smp

Pumping test observations

data/meas_wippl3.smp

Pumping test observations

data/meas_wqspl.smp

Pumping test observations

data/meas_wgspl.smp

Pumping test observations

data/zone_central.geo

Central zone extent definition file

data/zone_confined.geo

Confined zone extent definition file

data/zone_dissolution.geo

Dissolution zone extent definition file

data/zone_dissolution.inf

Dissolution zone extent definition file

data/zone_domain.geo

Domain zone definition file

data/zone_halite.geo

Halite margins definition file

data/zone_halite.inf

Halite margins definition file

data/zone_halitemargins.geo

Halite margins definition file

data/zone_noflow.geo

No-flow boundary definition file

data/zone_recharge.geo

Recharge zone definition file

data/zone_transition.geo

Transition {confined-unconfined) definition file

data/zone_unconfined.geo

mod1ow

Unconfined zone definition file

MODFLOW control files out

modflow/mf2k_culebra.bab

MODFLOW basic package control file

modflow/mf2k_culebra.dis

MODFLOW discretization package control file

modflow/mf2k_culebra. Tmg

MODFLOW AMG solver control file

modflow/mf2k_culebra.lpf

MODFLOW layer package flow control file

modflow/mf2k_culebra.oc

MODFLOW output controt file

modtlow/mf2k_culebra.pcg

MODFLOW PCG solver control file

modflow/mf2k_culebra.rch

MODFLOW recharge package control file

modflow/mf2k_culebra.wel

MODFLOW well package control file

modflow/mf2k_h1ll.dis

Pumping test time discretization file

modf low/mfF2k_hil. nam

Pumping test control file

modf Tow/mt 2k _hiloc

Pumping test output control file

modftow/mf2k_h1l.pcg.nam

Pumping test backup solver control file

modflow/mf2zk_h1l.rch

Pumping test recharge control file

modflow/mf2k_h11 " wel

Pumping test well discharge control file

modflow/mfZk_hid.dis

Pumping test time discretization file

modflow/mf2k_h19.nam

Pumping test control file

modfTow/mf2k_h19.0oc

Pumping test output control file

madf Tow/mf2k_h19. pcg. nam

Pumping test backup solver control file

modf low/mf2k_h19.rch

Pumping test recharge control file

modf low/mfZk_h19. wel

Pumping test well discharge control file

modflow/mf2k_h3.dis

Pumping test time discretization file

modflow/mf2k_h3.nam

Pumping test control file

modFTow/mt2k_h3. oc

Pumping test output control file
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File under CVS://Tfields::Inputs

Brief Description

modflow/mf2k_h3.pcg.

nam

Pumping test backup solver control file

modfTow/mt2k_h3 . rch

Pumping test recharge control file

mod tlow/mf2k_h3.wel

Pumping test well discharge control file

modfYow/mf2k_head.bab

Steady state head basic control file

mod flow/mf2k_head.d1

S

Steady state head discretization control file

mod flow/mf2k_head.nam

Steady state head control file

modflow/mf2k_head.oc

Steady state head output control file

modflow/mf2k_head. rch

Steady state head recharge control file

modflow/mf2k_pld.dis

Pumping test time discretization file

modflow/mf2k_pl4.nam

Pumping test control file

modflow/mf2k_pla.oc

Pumping test output control file

mod flow/mf2zk_pl4.pcg.nam

Pumping test backup solver control file

modflow/mf2k_pl4. rch

Pumping test recharge control file

modt low/mf2k_pid. wel

Pumping test well discharge control file

modflow/mf2k_snll4.d

18

Pumping test time discretization file

modflow/mf2k_snlld.n

am

Pumping test control file

modflow/mf2k_snlld.o

C

Pumping test output control file

modflow/mf2k_sn114.pcg.nam

Pumping test backup solver control file

modflow/mf2k_snl114.r

ch

Pumping test recharge control file

modflow/mfzk_snll4.wel

Pumping test well discharge control file

modflow/mf2k_wippll.dis Pumping test time discretization file
-modflow/mf2k_wippll.nam Pumping test control file
modfTow/mf2k_wippll.oc Pumping test output control file
modflow/mf2k_wippll.pcg.nam Pumping test backup selver control file
modflow/mf2k_wippll. rch Pumping test recharge control file
modflow/mf2k_wippll.wel Pumping test well discharge control file
modflow/mf2k_wippl3.dis Pumping test time discretization file
modflow/mfZk_wippl3.nam Pumping test control file
modt1ow/mf2k_wippl3.oc Pumping test output control file
'“Odﬂ OW/T‘CZ K_wippl3.pcg.nam Pumping test backup solver control file
mod flow/mf2k_wippl3.rch Pumping test recharge control file
modflow/mf2k_wippl3.wel

Pumping test well discharge control file

modflow/mf2k_wgspl.d

is

Pumping test time discretization file

modf low/mf2k_wgspl.n

am

Pumping test control file

modflow/mf2k_wqspi.oc

Pumping test output control file

mod Tt low/mf2k_wqspl.pcg.nam

Pumping test backup solver control file

modflow/mf2k_wqspl.r

ch

Pumping test recharge control file

modflow/mf2k_wgspl.wel

Pumping test well discharge control file

modfTow/mf2k_wgsp2.d

is

Pumping test time discretization file

modflow/mf2k_wgspZ.n

am

Pumping test control file
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File under CVS://Tfields::Inputs

Brief Description

modflow/mf2k_wqsp2.oc

Pumping test output control file

modf low/mf2k_wqsp2.pcg.nam

Pumping test backup solver control file

modflow/mf2k_wqsp2.rch

Pumping test recharge control file

modf1ow/mf2k_wqsp2.wel

Pumping test well discharge control file

scripts

Directory containing analyst scripts -- See Appendix G

scripts/fix_snl18.sh

Script to recalibrate locally to SNL-8

scripts/init2pest. py

Setup and control creation program

scripts/model.sh

Forward model

scripts/obs2real.py

OBS2REAL program

scripts/pestutil.py

PESTUTIL library

scripts/real2mod.py

REAL2ZMOD program

scripts/run_dtrkmf.sh

DTRKMF analysis script

scripts/runpest.sh

Run the PEST calibration process

scripts/setup.sh

Setup the calibration

scripts/setupld.sh

Setup the calibration for limited iterations

scripts/template_pmaster. sh

Master node control script

scripts/template_pmasterlQ.sh

Master node control script (10 iterations)

scripts/template_pslave.sh

Slave node control script



AP-114 Task 7 Report
Page 120 of 187

File created during setup

Table F-2. Files created by SETUP and INIT2PEST

Brief Description [used by]

modeled_basefield.map

Copied from r??7coord.map checked out via RunReadScript
[INIT2PEST)

modeled_fieldID. tex

Text store of the field being calibrated

mode] ed_heahcliw. ins

Instruction file for steady-state head observations [PEST]

modeled_h3.4ins

Instruction file for H-3 pumping test observations [PEST]

modeled_wi ppl31ns

Instruction file for WIPP-13 pumping test observations [PEST]

modeled_hll.ins

Instruction file for H-11 pumping test observations [PEST)

modeled_pl4.ins

Instruction file for P-14 pumping test observations [PEST]

modeled_h19.1ins

Instruction file for H-19 pumping_test_observations [PEST)

modeled_wgspl.ins T

Instruction file for WQSP-1 pumping test observations [PEST]

modeled_wqgsp2.ins

Instruction file for W(QSP-2 pumping test observations [PEST]

modeled_wippll.i ns

Instruction file for WIPP-11 pumping test observations [PEST)

mode'le;a_sn'llll. ins

Instruction file for SNL-14 pumping test observations [PEST]

modeled_zones_points_T.inf

Zone file [PPK2FAC]

modeled_init_points_T.mod

Initial field valueslu[‘lBEAL2MOD]

hiode]ed_poﬁ nts_T.tpl

Template file for 'pilot points [PEST]

modeled_points_T.dat

Initial pilot point values [PPK2FAC, FACZREAL]
Written new for each forward call by PEST

Fea] 2mod_points_T. tpl

Template file for shift/tog factor [PEST)

real2mod_points_T.in

Input file for shift/log factors [REALZMOD]

ppk2fac_points_T.in

Input file for kriging factors creation [PPK2FAC]

modeled_init_points_T.tex

Qutput summary tog

fac2real_points_T.1in

Input file for pilot point kriging routine [FACZREAL]

modeled_zones_points_s.inf

Zone file [PPK2FAC]

modeled_init_points_s.mod

Initial field values {REALZMOD]

modeled_points_s. tpl

Template file for pilot points [PEST]

modeled_points_S. dat

Initial pilot point values [PPK2FAC, FAC2REAL]

real Zmod_points_s. tpl

Template file for shift/log factor [PEST]

real2mod_points_s.in

Input file for shift/log factors [REALZMOD)]

ppkZfac_points_s.in

Input file for kriging factors creation [PPK2FAC]

modeled_init_points_S.tex

Qutput summary log

faczreal_points_S.din

Input file for pilot point kriging routine [FAC2ZREAL]

modeled_zones_points_a.inf

Zone file [PPK2FAC]

modeled_init_points_A.mod

Initial field values [REALZMOD]
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File created during setup

Brief Description [used by]

modeled_points_a. tpl

Template file for pilot points [PEST]

modeled_points_A.dat "

Initial pilot point values [PPK2FAC, FAC2REAL]

realzmod_points_A.tpl

Template file for shift/log factor [PEST]

real2mod_points_A.1in

input file for shift/log factors {REALZMOD]

ppk2fac_points_A.in

Input file for kriging factors creation [PPK2FAC]

modeled_init_points_a. tex

Qutput summary log

facz2real_points_A.in

input file for pilot point kriging routine [FACZREAL]

modeled_zones_points_R.inf

Zone file [PPK2FAC]

modeled_init_points_R.mod

initial field values [REALZMOD)]

modeled_points_R.tpl "

Template file for pilot points [PEST]

modeled_points_R.dat

Initial pilot point values [PPK2FAC, FAC2REAL]

realZmod_points_R.tp]l

Template file for shift/log factor [PEST]

real2mod_points_R.in

Input file for shift/log factars [REALZMOD]

ppk2fac_points_R.1in

Input file for kriging factors creation [PPK2FAC]

modeled_init_points_R.tex

Qutput summary log

facZreal_points_R.1in

Input file for pilot point krigihg routine {FAC2REAL]

r???_init.pst

Initial configuration file for Jacobian generation [PEST]

r??7?7_once.pst

Single forward-model configuration file [PEST]

r???_init.rmf

Parallel processing control file [PEST]

r?7??_svda.rmf

Parallel processing control file [PEST]

pest_slave.sh

Created from template_pslave.sh, submitted to queue on
cluster

pest_master.sh

Created from template _pmaster.sh, submitted to queue on
cluster
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Table F-3. Files saved in CVS in Outputs/r??? and Outputs/Update*/r???

File saved Created by  Used by Brief description
_wfpode1 ed_a_field.mod REALZMOD  MODFLOW Real-space anisotropy multiplier field
modeled_Kk_field. mod REALZMOD  MODFLOW Reai—?pace hydraulic conductivity field
{T/thickness)
modeled_R_field.mod REALZMOD  MODFLOW  Real-space recharge field
modeled s field. mod REALDMOD  MODFLOW Reai-:f.pace specific storage field
{S/thickness)
modeled_factors_points_*.bin PPK2FAC FAC2REAL  Kriging factors file
model ed_fieldID. tex INIT2PEST N/A Field ID record
modeled._ flow.bud MODFLOW  DTRKMF MODFLOW budget file
- Drawdown/head fields for each
modeled_*.hin
MODFLOW MQCD20BS MODFLOW test
modeled_*.ins INIT2PEST PEST InstruFtlon files for each
pumping/steady state model
modeled_*.1st MODFLOW  N/A List file output from MODFLOW
modeled_*.out OBS2REAL PEST Observations in single column format
modeled_*. smp MOD20OBS  OBS2REAL  Point/time drawdown/head values
Initial points used to fill in shifted
modeled_init_points_*.mod INIT2PEST REALZMOD initiai values in non-interpolated areas
in outputs from FAC2ZREAL
. PEST or PPK2FAC )
modeled_points_*.dat . i [
p PARCALC FAC2REAL Pilot points data files
modeled_points_*.tpl INIT2PEST PEST Tefnplate fI‘E' used to create pilot
points data files )
Input file to shift and un-log-transform
. v s PEST or . ) )
real2mod_points_¥.1n PARCALC REALZMOD the fields in preparation for
MODFLOW
real2mod_points_, tpl INIT2PEST PEST ‘Templéte files for creating REALZMOD
input files
. Contains the final, best parameter
+??2_init.b T '
" pa PES PARREP values from the SVD-assisted run
r2?22_init.par PEST N/A Imtlal_parameter values after single
Jacobian run
r??7_init.pst INITZPEST PEST, PEST run control file
SVDAPREP
r???_init.{rec,res,sen,sec} PEST SVDAPREP  PEST run record files
r???_once.pst INIT2PEST PARREP Initial run control file for PEST
r777_svda.pst SVDAPREP PEST F’EST run control file for middle SVD
iterations
r???_svda.{rec,res,sen,seo}  PEST N/A PEST run record files
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File saved Created by  Used by Brief description

intermediate fife, not saved, but of
importance during PEST's SVD assisted

parcalc.tpl PEST/SVD PARCALC eperatian. PARCALC converts super
parameters to real parameters

r?77_last.pst PARREP PEST anal, best parameter PEST run to get
fields and outputs

r??77_last.{rec, res,sen, seo} PEST N/A PEST run record files

r???_last.par PEST N/A Final, best parameters file

Additional PEST output files are also saved, but are unused in the analysls at this time,
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Table F-4. List of data sources for graphics and tables in this document.

CVS Data Source under CvS://Tfields

Figure/Table Creation Process
Figure 3-1 Inputs/scripts/init2pest.py
i 3.2 Inpl.'Jts/da'ta/zone__*.geo, Inputs/config/spec_wells.crd
lgure Basic platting package .
Figure 3-3 Outputs/r.'.)??/mode'l ed_zones_points_T.inf
Basic plotting package
Figure 3-4 Out!::utsfr_???/mode'l ed_zones_points_S.inf
Basic plotting package
Figure 3-5 Outputs/r.???/modﬂ ed_zones_points_R.inf
Basit plotting package
Figure 3-6 Inpl:lts/da_ta,/i nit_bnds.inf
Basic platting package
Figure 3-7 0ut|?uts/r.???/mod eled_points_T.dat
Basic plotting package
. Outputs/r???/modeled_points_A.dat
Figure 3-8 Basic plotting package
Figure 3-9 Outputs/ r.???/mode1 ed_points_5.dat
Basic plotting package
Figure 3-10 0ut|_3u1:5/r_???/mod eled_points_R.dat
Basic plotting package
Table 3-1 Inputs/config/spec_points_{T,A,S5,R}.1in
Figure 3-11 Inpl_J‘tS/da_‘ta/'i nit_head.mod
Basic plotting package
Table 3-2 Inputs/config/spec_variogram.str
Figure 3-12 Inputs/scripts/model.sh
Figure 4-1 N/A
Figure 4-2 Inputs/scripts/template_pmaster.sh
Figure 4-3 Inputs/scripts/setuplQ.sh
Table 4-1 Ana? ysis/DataFiles/Tfields~-7_14_09.x1sx
Basic Excel plot
Table 4-2 Ana? ysis/DataFiles/Tfields-7_14_09.x1sx
Basic Excel plot
Figure 4-4 Anall ysis/DataFiles/Tfields-7_14_09.x1sx
Basic Excef plot
Figure 5-1 Analysi s/DataFﬂes{Tﬁ elds-7_14_09.xTsx '
Data taken from last line of Results/tracks/r???_travel _LWB.dat, basic Excel plot
Figure 5-2 Res@ ts/t.r‘acks/r???_t ravel_Lwe.dat
Basic plotting package
. Results/tracks/r???_travel_domain.dat
Figure 5-3

Basic platting package
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VS Data Source under cvs://TfHields

Figure/Table 0 4tion Process
Results/K_fields/r?77_K_field.mod
Table 5-1 Muiltiplied by thickness (7.75m), log transformed, then averaged by cell across the
100 final fields.
Results/K_fTields/r?77_k_field.mod, Results/a_fields/r???7_a_field.mod
Figure 5-4 Muitiplied by thickness (7.75m), log transformed, combined resulting T& A (T+ X%
A}, mean value by celf
Results/K_fields/r???_k_field.mod, Results/a_fields/r?77_a_field.mod
Figure 5-5 Multiplied by thickness (7.75m), log transformed, combined resulting T& A{T+ %
A}, standard deviation by cell
. outputs/r???/modeled_init_T.mod
Figure 5-6 Values compared against log10T >= -5.41 and summed by cell
Results/K_fields/r??7_k . field.mod, Results/A_fields/r?77_A_field.mod
Figure 5-7 Multiplied by thickness (7.75m), log transformed, combined resulting T& A (T+ %4
A}, values compared against log10T >= -5.41 and summed by cell
Figure 5-8 Difference between resuits in Figure 5-6 ond Figure 5-7, positive changes only
Figure 5-9 Difference between resuits in Figure 5-6 and Figure 5-7, negative changes only
i 10 Results/a_fields/r??7_A_field.mod
fgure 5 Average log values by cell
. Results/a_fields/r7?7_a_field.mod
Figure 5-11 Standard deviation of log values by cell.
) i Results/s_fields/r??7_s_field.mod
Figure 5-12 Muttiplied by thickness, mean of log values by cell
. Results/s_fields/r???2_s_field.mod
Figure 5-13 Muitiplied by thickness, standard deviation of log values by cefl
] i Results/R_fields/r??7_R_field.mod
Figure 5-14 Log transformed, converted to meters per year
. Results/R_fields/r???_RrR_field.mod
Figure 5-15 Log transformed
. Outputs/{r???,update/r???,Update2/r???}/modeled_head.smp
Figure 5-16 Depending on the field selected, the results were used from the correct directory
) outputs/{r7??,update/r?7?,update2/r?7?}/modeled_head. smp
Figure 5-17

Depending on the field selected, the results were used from the correct directory

Figure A-1 thru 6

Qutputs from Listing A-1. Resulting data file: Inputs/data/init_head.mod

Figure B-1 Analysis/Datariles/T_wells_uUTMNAD27.x1s
i 5 Analysis/pataFiles/T_well1s_UTMNADZ27.x1s
igure B- VarioWin was used to create the image
Tahle B-3 Inputs/config/spec_variogram.str
i 3 Analysis/DataFiles/T_wells_UTMNAD27.x1s
igure B- VarioWin was used to create the image
Table C-1 Inputs/data/meas_head. smp (revision 1.2)
Figure C-1 outputs/{r?77,Update/r???,update?/r???1/medeled_head.smp
through Depending on the field selected, the results were used from the correct directory,

Figure C-10

graphics use standard box-and-whisker plotting functions
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CVs Data Source under Cvs://Tfields

Figure/Table Creatian Pracess

outputs/{r777,update/r???,update2/r???}/modeled_h3.smp,
Figures in D.1 Inputs/data/meas_h3.smp

Plotted drawdown vs. date for each observatjon well separately

outputs/{r???,update/r???,update2/r??7}/modeTled_wippl3.smp,
Figures in D.2 Inputs/data/meas_wippl3.smp

Plotted drawdown vs. date for each observation well separately

outputs/{r7??,update/r???,update2/r???}/modeled_h1ll. smp,
FiguresinD.3  Inputs/data/meas_hll.smp

Plotted drawdown vs. date for each observation welf separately

outputs/{r???,update/r?77,update2/r??7}/modeled_pl4.smp,
Figures in D.4 Inputs/data/meas_pl4.smp

Plotted drawdown vs. date for each observation well separately

outputs/{r??7?,update/r?77,update2/r???}/modeled_hl9.smp,
Figures in D.5 Inputs/data/meas_h19.smp

Plotted drowdown vs. date for each observation well separately

outputs/{r???,update/r??? ,Update2/r?7??}/modeled_wqspl.smp,
Figures in D.6 Inputs/data/meas_wgspl.smp

Plotted drawdown vs. date for each observation well separately

outputs/{r???,update/r77?,update2 /r??7}/modeled_wqsp2. smp,
Figuresin D.7  Inputs/data/meas_wgsp2.smp

Plotted drawdown vs. date for each observation well separately

Outputs/{r???,update/r???,update2/r???}/modeled_wippll. smp,
Figuresin D.8  Inputs/data/meas_wippll.smp

Plotted drawdown vs. date for each observation well separately

outputs/{r7?7?,update/r??7?,Update2/r???} /modeled_sn1l4.smp,
FiguresinD.9  Inputs/data/meas_sn114.smp

Plotted drawdown vs. dote for each observation welf separately

Appendix E Analysis/DataFiles/Tfields-7_14_09.xTsx
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Appendix G: Files Used - Listings, Source Code, and Validation

Processes
This is not a complete listing of all configuration files used during the calibration — please see the CVS
repository to obtain all the files. However, the scripts that were written by the analysts for this task, and
the configuration files that controlled those scripts are presented here to keep them with the analysis
report.

Report comments may be inserted into the code for clarity, and will be in red-italic-serif font. These
comments do not appear in the files in CV5. A narrative of how the code works, and a description of how
the codes were/can be verified will be provided before each listing.

G.1 Configuration Codes
The codes in this section represent the scripts run during the configuration phase {pre-calibration) by
the Run Control system.

G.1.1 Listing - CVS://Tfields::Inputs/scripts/setup.sh

This script creates the inputs and runs the INIT2PEST script {described in G.1.2}. Verification is provided
in the log files, and mainly in whether or not a calibration actually launches. If it launches, then this
script worked; if it does not, then this script failed.

#!/bin/bash
# $1d: setup.sh,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp %
z $Source: /nfs/data/cvsLIB/Tfields/Inputs/scripts/setup.sh,v §

# This sc¢ript creates the necessary files to run a Culebra T Field
# inverse calibration process

# Get command 1ine input parameters
FIELD=%1

# Require that a base field be supplied on the command Tine
[ -z "$FIELD" ] & {

echo "you MUST specify a base field ID"

exit

FIELD=${FIELD//r/}
FIELD=${FIELD//cood/}

PESTFILE=r${FIELD}

FIELD=r${FIELD}coord

cp - ${FIELD}.map modeled_basefield.map
echo ${FIELD//coord} > modeled_fieldID.tex

rm -f modeled_*factors*.bin

The mext line lqunches the INTT2PEST script. which performs the majority of the setup process
./init2pest.py --pest-case=§{FIELD//coord} spec_setup.in

PESTINIT="${PESTFILE}_ init"
PESTSVDA="${PESTFILE}_svda"
PESTLAST="${PESTFILE} _last"
PESTONCE="${PESTFILE}_once"

NSLAVES=6

MODELCMD=mode 1

MO?ELI NIT=./${MODELCMD}.sh
N=
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The next nwo sections sel the current dureciory fiest in precedence, then furd the appropriate executables or scripts and place them in variables
export PATH=.:$PATH

PPEST= "which ppest.exe’
PSLAVE= which pslave.exe’
PEST="which pest.exe’
SVDAPREP="which svdaprep.exe’
PARREP="which parrep.exe’
PPK2FAC="which ppk2fac.exe’
FACZ2REAL= which fac2real.exe’
REALZMOD=. /realzmod. py
MODFLOW= which mf2k.exe"
MOD2085="which mod2obs.exe’
0BSZREAL=./0bsZreal.py
PICALC="which picalc.exe’
PARCALC="which parcalc.exe’
DTRKMF="which dtrkmf.exe"

The follovving lines use “sed ™ reguigy expressions 1 replace variabies with full path names jor individual execwiables 1o assure we are using the
correct, (A 'd versions of the files
while [[ $N -Te 3INSLAVES ]}

do

# Create the regular expression file to make a script from template
echo “s/slavel/slave${N}/" > modeled_pslave.sed
echo "s/FIELDID/${FIELD}S/" >> modeled_pslave.sed
echo "s@PSLAVEQ@${PSLAVE}@g" >> modeled_pslave.sed
echo "s@MODELINIT@${MODELINIT}@g" >> modeled_pslave.sed
echo "s@PPK2FACAT{PPK2FAC}Aq" >> modeled_pslave.sed
echo "s@FAC2REALAL{FAC2REAL}EY" >> modeled_pstave.sed
echo "sS@REALZMOD@S{REALZMOD}@g" >> modeled_psliave.sed
echo "s@vODFLOWES {MODFLOW}Eg" >> modeled_pslave.sed
echo "s@MOD20BS@${MOD20BS}Rg" >> modeled pslave.sed
echo "S@OBSZREAL@S{OBSZREALg@g" >> modeled_pslave.sed
echo "s@PICALCAY{PICALC}@g" >> modeled_pslave.sed
echo "s@PARCALc@${PARCALC?@g" >»> modeled_pslave.sed
sed -f modeled_pslave.sed template_pslave.sh > pest_slave.sh
rm -f modeled_pslave,sed
# submit the new script file to the gueue
[ -d slave${n} 1 i| {
mkdir slave${n}

FILES="cat spec_slavefiles.lst’
cp -f -p -u $FILES slave${N}
echo "Copied files to slave${n}"
N=3{(N+1})

done

echo "s/Master/3{FIELDIM/" >> modeled_pmaster.sed

echo "s@PPEST@S{PPEST}@g" »> modeled_pmaster, sed

echo "s@SPESTAS{PEST}®g" >> modeled_pmaster.sed

echo "s@SVDAPREP@S{SVDAPREP}@g" »> modeled_pmaster.sed
echo "s@PARREP@Y{PARREF}@g" >> modeled_pmaster.sed
echo "S@PPK2FAC@${PPK2FAC?@ " »>> modeled_pmaster.sed
echo "s@PESTINIT@${PESTINIT!@g" >> modeled_pmaster.sed
echo "S@PESTSVDARI{PESTSVDA}Gg" >> modeled_pmaster.sed
echo "sS@PESTLASTA${PESTLAST}@3" >> modeled_pmaster.sed
echo "s@PESTONCE@${PESTONCE}@g" >> modeled_pmaster.sed
echo "s@PESTHALF@${PESTHALF}@g" >> modeled_pmaster.sed
echo "s@PESTSVD2@3{PESTSVD2}@y" >> modeled_pmaster.sed
echo "s@DTRKMFO${DTRKMF}@q" >> modeled_pmaster.sed
echo "s@NPARGS{NPAR}QQ" >> modeled_pmaster.sed

sed -f modeled_pmaster,sed template_pmaster.sh > pest_master.sh
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G.1.2 Listing - CVS://Tfields::Inputs/scripts/init2 pest.py

#!/usr/bin/python
# $1d: init2pest.py,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp §
: $author: dbhart §

# Read a MODFLOW array, preform some mathematical tramsforms, then
# write back to a formatted MODFLOW array file

import sys, pestutil
from sys import stdin, stdout, stderr
from optparse import OptionParser

The main program parses the commend line avguments, then launches the subrotitines to create observation and parameter data from the
configuration data. It then builds the PEST configuration files. The “pesiuiil” namespace refers 1o the pesiutil py model described in G.4,1
def main( parser }:
(options, args) = parser.parseé_args(}
if args is not None:
for filename in args:
argfile = open(filename, 'r')
alist = []
for arg in argfile:
aa = arg.split()
for a in aa: alist.append(a.strip{())} .
(options, args} = parser.parse_args(alist,options)
{obspata,obsGrps,obsFiles) = pest_obs_dataloptions)
{parpata,parGrps,parFiles) = pest_par.data(options)
pestutil.build_pest_file(options, init’,
obsbata,obsGrps,obsFiles,
parbata,parGrps,parfFiles }
pestutil.build_pest_file(options, 'once’,
obsbata,obsGrps,obsFiles,
parData,parGrps,parFiles, 0)
pestutil.build_pest_rmf{options, "init")
pestutil.build_pest_rmf{options, 'svda')

The following subrowtine creates obsevvation data and INS files for PEST
def pest_obs_data{options):
peststub = options.peststub
obsoptfile = options.obsoptfile
print ' Processing observation data'
print ' Reading from "'+obsoptfile+'"’
(obspata,obsGrps,obsFiles) = pestutil.create_observation_data(obsoptfile,options)
return obsbata, obsGrps, obsFiles

The fallowing subrautine creates the parameters, creming cones, placing pilot points. and then finding initial vafues
def pest_par_data(options):

peststub = options.peststub

parOptfiles = options.pargptfiles

parbata = parGrps = parfFiles = []

for (param,optfile) in paroptfiles:
print ' For the parameter', param+':’
print ' Reading from "‘+optfile+'"’
Parameters = pestutil.ParameterOptions{param)
parameters.option_parser(optfile,options)
Parameters,create _zones(options)
Parameters.create_initial_field{options)
Parameters.create_pilot_points(options)
Parameters.create_utility_inputs(options)
Parameters.print_latex_tabTe()
{ppata,pGrps,pFiles) = Parameters.get_pest_parameters(options}
parData = parData + pbata
parGrqs = parGrps + pGrps
parFiles = parFiles + pFiles

return parData, parGrps, parFiles

1he conmand line parser is defined here. The “help” metavariable describes the aptions. and the “dest” metavariable is the field in the
“opiions " structure that s retarned and tsed in the above subroutines
def init2pest_parser( }:
parser = OptionParser()
parser.add_option("--pest-case”,dest="peststub"” ,metavar="FILE",default="culebra',
help="The prefix for the PEST control files to create (will create
FILE_init.pst and FILE_once.pst)")
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parser.add_option("--observations-options-file",dest="obsoptfile” ,metavar="FILE", .
help="tThe file containing the options for_the observation data creation™)

parser.add_option("--parameter-options-file", dest="paroptfiles",action="append",metavar="pPAR

FILE",nargs=2,

1 " help="The PAR parameter and the FILE where the parameter options are

isted"
parser.add_option('--zones-filename-format’,dest="zonefmt")
parser.add_option{'--pilotpoints-filename-format',dest="'ppffmt')
parser.add._option{'--factors-filename-format',dest="'facfmt')
parser.add_option('--initial-values-field-filename-format®,dest="initfmt')
parser.add_option{'--kriged-parameter-field-filename-format', dest="krigfmt")
parser.add_option{'--final-parameter-field-filename-format’,dest="modfmt")
parser.add_option{'--flow-Tield-filename-format® dest="flowfmt')
parser.add_option('--modflow-output-filename-format',dest="mf2kfmt")
parser.add_option('--modeled-samples-filename-format',dest="modifmt’)
parser.add_option('--measured-samples-filename-format', dest="'measfmt')
parser.add_option('-~command-redirect-filename-format’ ,dest="inpredfmt')
parser.add_option('--num-slaves'’,dest="'nslaves',default=6,type="'int’)
parser.add_option(‘'--model-command"®,dest="mode1' ,default="./model.sh’)
return parser

if _name__ == "_main_":

parser

= init2pest_parser()

main{parser)
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G.2 Execution Codes

G.2.1 Listing - CVS://Tfields:: Inputs/scripts/runpest.sh

This code runs PEST, and is called by the Run Control script after setup is complete. The first parameter
is the field ID, the second is the number of slaves. This script either works or immediately fails (and no
resuits are created).

#1 /bin/bash

NSLAVES=%2
FIELD=31

[ -2 "$FIELD" ] && { .
FIELD="1s -t *_once.pst | head -n 1
FIELD=3{FIELD//_once.pst}

[ -z "SNSLAVES" ] && {
NSLAVES=6

The following ensures that the field I s in the correct formal (just a number) before changing it back o full 1D
FID=3{FIELD//r/}
FID=%{FID//cood/}
FIELD=r${FID}coord

echo -n "Starting in 3 . "
sleep 1

echo -n "2 . "

sleep 1

eche -n "1 . "

sleep 1

eche "donet"”

The “pest_slavesh” jile Is created By setup. sk from wmplate_pslave sh — see 2.2

qsub -t 2-3INSLAVES pest_slave.sh 2> ${FIELD}.err | tee -a %{FIELD}.out
The “pest_master.sh’” file is created by sequp.sh from template_pmaster.sh — see (2.3

qsub -sync yes pest_master.sh 2> ${FIELD}.err | tee -a ${FIELD]}.out

qdel -f ${FIELD}S
rm -rf slave?
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G.2.2 Listing - CVS://Tfields::Inputs/scripts/template_pslave.sh
This script launches PEST’s PSLAVE executable on the client machines on the cluster. If this script runs
correctly, PEST works. Otherwise, PEST fails; this information is captured in the PEST run record (*.rec).

#! /bin/bash

#3% -5 /bin/bash

#3 -cwd

#3 -N FIELDID

#% -j y

##31d: template_pslave.sh,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp $
##3source: /nfs/data/CvsLIB/Tfields/Inputs/scripts/template_pslave.sh,v §

expart MYSLAVE=slave3$sGE_TASK_ID
FILES= cat spec_slavefiles.lst

# setup slave directory
mkdir SMYSLAVE

cp -f SFILES $MYSLAVE
cd $MYSLAVE

# First PEST run
rm - model.svda

PSLAVE <<EOF
MODELINIT
EOF

# First SVDAPEST run
echo "true" > model.svda
sleep 10

PSLAVE <<EOF
MODELINIT
EQF

#dc1ean up slave directory
cd ..
rm -rf SMYSLAVE
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G.2.3 Listing - CVS://Tfields::Inputs/scripts/template_pmaster.sh

This script launches PEST’s main program, PPEST, on the cluster. It also runs SYDAPREP and PARREP to
create the secondary PEST runs. This script is captured in Figure 4-2. Failure of this script is clear in any
log file, since PEST will produce no results.

#| /bin/bash

#3% -5 /bin/bash

#3% -~cwd

#3% -N Master

# -7y

# $1d: template_pmaster.sh,v 1.4 2009/06/04 15:45:53 dbhart Exp $

# 3source: /nfs/data/cvsLIB/Tfields/Inputs/scripts/template_pmaster.sh,v $§

export MYSLAVE=slavel

FILES= cat spec_slavefiles.lIst’
# Setup slave directory

mkdir $MYSLAVE

cp -f $FILES $MYSLAVE

cd $MYSLAVE

The following lines run the first Jacolian calcuiarion PEST run
# First PEST run
rm -f model.svda

PSLAVE <<EOF &
MODELINIT
EOF

cd ..

PPEST PESTINIT

The faliowing lines of code set up the SVD assisted PEST run .
NUMPAR="tail -n 1 PESTINIT.svd | awk '{print $9}'

SVDAPREP <<EQF
PESTINIT.pSt
$NUMPAR
PESTSVDA.pst
10

6.1
5
EOF

sleep 10

SLAVES="15 -d slave*’
Fog Slave in $5LAVES

o

echo "true" > 3Slave/mode]l.svda
done

cd SMYSLAVE

# First SVDAPEST run
echo "true" > model.svda
sleep 10

PSLAVE <<EQF &
MODELINIT

EOF

#dc1ean up slave directory
cd ..

PPEST PESTSVDA

The followiy lines set up the final PEST run with the best parameters
PARREP PESTINIT.bpa PESTONCE.pSt PESTLAST.pst

sTeep 10
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SPEST PESTLAST
ki1l -TERM “jobs -p°

rm -rf $MYSLAVE
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G.3 Forward Model Codes

The following scripts are used in the forward madel, and are for each parameter (or super-parameter)
during each iteration of PEST. Failure of these codes is detected automatically by PEST, resulting in an
early termination to PEST, obwvious in the log files.

G.3.1 Listing - CVS://Tlields::Inputs/scripts/model.sh
This script represents Figure 4-1, and runs all the necessary pre- and post-MODFLOW codes.

PARCALC (if an SVD run) = PPK2FAC {if files do not exist) = FACZREAL = REAL2ZMOD = MODFLOW >
MOD20BS > OBS2REAL = DTRKMF {if running a final transport run}

#! /bin/bash

#31d: model.sh,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp %

echo Created on Thy Aug 7 16:11:18 MDT 2008 by create-model.sh
PARAMETERS= cat spec.parameters.lst’

TESTS= cat spec_steady.lst spec_transient.lst’

STDERR=mode].err

S5TDOUT=mode1.log

#STDERR=/dev/stdout

#STDOUT=/dev/stdout

run_model1() {
# Clean the output files and start model
echo > 3$sTDOUT
echo > 3STDERR
echo -n "MODEL::"
ulimit -5 -t 120

# IF this is an SvD assisted run:

[ -s model.svda ] && {
# Remove previous parameter estimates
for P in SPARAMETERS

4 /bin{rm modeled_points_%${P}.out 1»> $3TOOUT 2>> LSTDRERR
one

# Create parameters from super parameters
/parcalc.exe 1>> $STDOUT 2>> 3STDERR
cho -n PARCALC:

# creat1n? prior 1nformat1on calculation (if applicable)
[ -s p1ca c.tpl ] &&
/picalc.exe 1>> SSTDOUT 2>> $STDERR
echo -n PICALC:

H

# Now creating fields
fog P in 3PARAMETERS
o
# Create kriging factors if they are missing
[ -s modeled_factors_points_${P}.bin ] || {
echo -n PPKZFAC[points_${P}].
./ppk2fac.exe < ppk2fac_points_${P}.in 1>> $STDOUT 2>> ISTDERR

# Use pilot points and kriging factors to get $\log_{10}% field
echo -n FACZREAL[points_3${P}].
./fac2real.exe < facZreal_points_${P}.in 1>> $STDOUT 2>> $STDERR

# Convert $\log_{10}% field into real space
acho -n REALZMOD[[]JmntS ${ril.

d JJreal2mod.py real2mod_points_$§{P}.in 1>> SSTDOUT 2>> $STDERR
one

for T in 3$TESTS
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do
# Now run MODFLOW for each test
echo -n MODFLOWES{T}].
Smf2k . exe mf2k_${T}.nam 1>>3%5TDOUT 2>MODFLOW.ERR
[ -s MODFLOW.ERR ] && {
echo -n MODFLOW[${T}.pcg].
ulimit ~5 -t untimited
./mf2k.exe mf2k_${T}.pcg.nam 2>>$STDOUT 2>MODFLOW.ERR
ulimit -s -t 120

rm -f MODFLOW.ERR

# Get the observations from the test results
echo -n MOD20BS[${T}].
./mod2obs.exe < modZobs_${T}.in 1>>3$STDOUT 2>>3STDERR

# Putting results from tests into single column format
echo -n OBS2REAL[S{T}]. )
4 ./obs2real.py obs2real _${T}.in #1>>$STDOUT 2>>$STDERR
one

[ -5 model.travel ] && {
# Runing DTRTMF to LWB
echo -n DTRKMF[WIPP].
[ -s fort.33 1 |1 {
n -f elev_top.mod fort.33

}
[ -s fort.34 1 Il {
Tn -f elev_bot.mod fort.34

1
[ -5 modeled_flow.bud ] && { i
Jdtrkmf.exe derkmf_wipplwb.inp modeled_flow.bud modeled_travel _wipptwb.dat
modeled_dtrkmf.dbg 1>>$STDOUT 2>>$STDERR ; .
Jdtrkmf.exe dtrkmf_domain.inp modeled_flow.bud modeled_travel_domain.dat
modeled_dtrkmf.dbg 1>»>$5TDOUT 2>>$STDERR ;

tail -n 1 modeled_travel_wipplwb.dat | awk '{print $1}' > modeled_travel.out
[ -5 modeled_travel_wipplwb.dat ] || {
echo "9999999999" > modeled_travel.out ;

# Getting Recharge Stats
echo -n MOD2STAT[recharge].
./mod2stat.pl modeled_R_field.mod modeled_recharge.out 1>»3STDOUT 2>>3$STDERR

ResetTol () {

This finction resers folerances in the MODFELOW solvers

# Reset the solver tolerances
echo -e "3.0 2.2 5.4 0\n2 50 1.0E-08 1.0 0 * > mf2k_steady.1mg
echo -e "3.0 2.2 5.4 O\n2 50 1,0E-08 1.0 1 * > mf2k_transient.Img
echo -e '100 50 2\nl.0e-002 1.0e-08 1 2 0 3 1' » mf2k_transient.pcg

[ =]

RatseTol() {
Occasionally, MODFLOW camio! converge. In this case, tolerances are fowered showly uniii MODILOW is able to converge
# Rase solver tolerances by one order of magnitude
NewTol=3(awk < mf2k_steady.Img *NR==2 {NT = $3%10;if (NT <= MaxTol) printf("%6.1E", NT)}'
MaxTol=0.01)
[ "$newrol" 1 1! { echo mf2k could rot converge ; exit ; }
echo -e '3.0 2.2 5.4 0\n2 50 '$NewTol® 1.0 1 ' > mf2k.steady.lmg

NewTol=3(awk < mf2k_transient.Img 'NR==2 {NT = $3*10;7f (NT <= MaxTol1} printf("%6.1E", NT)}'
MaxTo1=0.013

[ "$NewTol™ ] || { echo mf2k could not converge ; exit ; }

echo -e "3.0 2.2 5.4 0\n2 SO 'SNewTol' 1.0 1 ¥ » mfZk_transient.Img

NewTol=3(awk < mf2k_transient.pcg 'NR==2 {NT = $2%10;if (NT <= MaxTol1} printf("%6.1E", NT)}'
MaxTo1=0.01) .

[ "$newTol"™ 1 || { echo mf2Zk could not converge : exit ; } .

echo -e '100 SO 2\nl1.0e-002 "$NewTol' 1 2 0 3°1 ' > mf2k_transient.pcg
# Start of main script

ResetTo]
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# Save previous iteration values if necessary
[ -s model.svda ] && {

ITERNUM="grep ITERATION ../*_svda.rec | tail -n 1 | awk '{printf("%s",$5)}"

PREVNUM="cat temp_iternum
[ "$ITERNUM" == SPREVNUM" ] g

PARAMS="Ts ../*_init.

cp 5SPARAMS ${F'ARAMS/’/ bpa} ITER_${ITERNUM} .bpa

echo $ITERNUM > temp_iternum

run_mode1
while [ 1]
do
# Runtime errar handling for convergence failure
CONVGFAIL="grep -i "FAILED TO CONVERGE" ¥.l1st’
if [ -n "SCONVGFAIL" ]
then
echo -n -e “Conv_fajled_restart”
# Get the more flexible solver rules to finish run

RaiseTol
# Re-run the model
run_mode

else
# Put back the good rules when done
ResetTol
break

Fi

done

echo
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G.3.2  Listing - CVS://Tfields::Inputs/scripts/real2mod.py

This code converts the log-space field modeled_points_?.mod to the real-space modeled_?_field.mod.
This code was verified by examination of input and outputs for r109. This code also shifts the fields by a
certain amount, if so indicated in the input file. The input options are provided in the parser, and the
“help” metavariable describes what those options are. This script makes use of the PESTUTIL module
presented in G.4.1,

#t/usr/bin/python
# $Id: realZmod.py,v 1.1.1.1 2008/11/05 23:57:43 dbhart €xp $
;; $author: dbbart $

# Read a MODFLOW array, preform some mathematical transforms, then
# write back to a formatted MODFLOW array file

import pestutil, sys
from sys import stdin, stdout, stderr
from optparse import OptionParser

def main({ parser=None }:
"parse the command 1ine options and/or options file”
infile = None
outfile = None
shift = 0.0
scale = 1.0
maskshft = 0.0
xform = "*
if parser:
(options, args) = parser.parse_args()
alist = []
if args:
argfile = open(args[0], 'r")
for arg in argfile:
alist.append(arg.rstrip()) .
(options, args) = parser.parse_args{args=alist, values=options)
(options, args) = parser.parse_args(values=options)
infile = options.infile
infileformat = options.infileformat
outfile = options.outfile
outfileformat = options.outfileformat
maskfile = options.maskrFile
maskfileformat = options.maskfileformat
maskSymb = options.maskvalue
if options.maskshift: maskshft = options.maskshift
if options.myshift: shift = options.myshift
if options.myScaleUp: scale = options.myScaleUp
if options.myScalepown: scale = 1.0 / options.myScaleDown
if options.transform: xform = options.transform
if infile is None:
print => stderr, 'which file would you like to transform? ',
infile = str.strip(stdin.readline())
if outfile is None:
print >> stderr, 'what file would you like to produce? ',
outfile = str.strip(stdin.readline())
transforms = ( shift, scale , maskShft, xform.upper() )
data = pestutil.Fieldpata()
data.load_field{infile,infileformat)
if masksymb:
data.load_mask(maskfile,maskfileformat)
data.doMask = maskSymb
data. run_transforms{transforms)
data.save_Tield{outfile,outfileformat)

def mf_parser( ver="N/A" ):

ver = "¥prog " + ver
parser = OptionParser(version=ver)
parser.add_option{"-i", "--input", dest="infile",
help="MODFLOW-2000 formatted FILE to transform”, metavar="FILE")
parser.add_cption("-o", "--output”, dest="outfile",

help="MODFLOW-2000 formatted FILE to write", metavar="FILE" )
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parser.add_cption("—?", "--gridspec”, dest="specfile”,
help="domain grid specification file”, metavar="FILE")

parser.
parser.
parser.

parser,

add_option("--mask-value", dest="maskvalue", type="float",

R help="set MASK in the input file", metavar="MASK")
add_option(”--mask-file", dest="maskrile",

. _help="replace mask with values from FILE", metavar="FILE")
add_option("--mask-shift", dest="maskshift", tyEe="f1oat",

. help="shift MASK replacement values by Ms", metavar="Ms")
add_option("--shift", dest="mysShift", type="float",

help="shift all values {including masked values) by S5 [done in transformed

space]™, metavar="5s8" )

parser,
parser.

parser

parser
parser.
parser.

parser.

return

if _name__ ==

parser

add_option("--scale-up”, dest="myScaleup”, type="float",
. _help="scale all values up by SU [done in real-space]”, metavars"su" )
add_option("--scale-down", dest="myScaleDown", type="float",
help="scale all values down by sD [done in real-spacel”™, metavar="sD"}

.add_option("--transform", dest="transfaorm",

type="choice", choices=({"logl0", "powl0"),
help="transform values" )

.add_option("-—input—format“, dest="1nfileformat”,

. type='choice", choices=("MODFLOW","GEOEAS") }
add_option(”--output-format"”, dest="outfileformat",
. type="choice”, choices={"MODFLOW", "GEGEAS", "GNUPLOT") )
add_option{"--maskfile-format", dest="maskfileformat",
type="choice", choices=("MODFLOW", "GEOEAS") )
set_defaults(myshift=0.0, myscaleUp=1.0, myScaleDown=1.0,
maskshift=0.0,
infileformat="MODFLOW" ,
outfileformat="MODFLOW",
maskfileformat="MODFLOW")
parser

" n,

__main__":
= mf_parser('1.0")

main(parser)
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G.3.3 Listing - CVS://Tfields::Inputs/scripts/obs2real.py

This code converts the outputs from the PEST program MOD2OBS to a more easy to work with format.
This code was verified by examining the modeled_?.smp and modeled_?.out files to make sure they
were the same. The input options are provided in the parser, and the “help” metavariable describes
what those options are. This script makes use of the PESTUTIL module presented in G.4.1.

#!/usr/bin/python

# $Id: obszreal.py,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp %
# $author: dbhart §

#

# Read a MODFLOW array, preform some mathematical transforms, then
# write back to a formatted MODFLOW array file

import pestutil, sys
from sys import stdin, stdout, stderr
from optparse import OptionParsar

def main( parser=None ):

"parse the command l1ine options and/or options file™

measfile = None

modlfile = None

outstub = None

pumpID = None

crdfile = None

startDate = None

if parser:
(options, args) = parser.parse_args()
alist =
if args:

argfile = open(args[0], 'r")

for arg in argfile:

alist.append(arg.rstrip(})

{options, args) = parser.parse_args(args=alist, values=options)
(options, args) = parser,parse_args(values=options)
measfile = options.measfile
mod1file = options.modlfile
pumpID = options.pumpiD
cutstub = options.output
startDate = options.startdate
b_sing]gGroup = options.b_singleGroup

if outstub is Nonme:
mdf = mod1fiTe.sp¥it(’.")
del mdf[-1]
outstub = '.'_join{mdf)
The following creates a SestpleData object for the give pumping rest [D and start-date. then loads measured and modeled daia
data = pestutil.sampleData(pumpID,startbDate)
data.load_measured(measfile)
data.load_modeled(mod1file)
data.compare_samples()
data.print_outfile(outstub,b_singleGroup)
if options.ssefile is not None:
data.print_summary _data{options.ssefile,options.sseappend)
if options.fulldata is not None:
data.print_full_data(options.fulldata)

def obs2real_parser{ ver="N/A" }:
ver = "¥prog " + ver
parser = gptionParser(version=ver)
parsar.add_option("--measured", dest="measfile", metavar="FILE",
. help="Bore sample Tile of true field measurements")
parser.add_option("--modeled", dest="modlfile", metavar="FILE",
help="Bore sample file of modeled results™}
parser.add_option("--coords", dest="crdfile", metavar="FILE",
help="well coordinates file")
parsar.add_option{"-d","--start-date”, dest="startdate"”, metavar="DATETIME",
help="Date and time of the start of pumping™)
parser.add_option{"-o","--output-stub"”, dest="output”, metavar="FILESTUB",
help="[directory] and filename stub (w/o extension) for output")
parser.add_option("--full-1isting-fiTle", dest="fulldata", metavar="FILE",
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help="Use to output full data as well as truncated residuals")
parser.add_option(”--summary-file”, dest="ssefile", metavar="FILE",

help="File to write summary information into™)
parser.add_option("-a","--summary-append"”, dest="sseappend”, action="store_true”,

he1p="Append to, rather than c¢reate, summary information file"}
parser.add_option("-p","--pump-id”, dest="pumpID”, metavar="WwELL",

help="Pumping well identifier™)
parser.add_option(”-s","--steady-state”, dest="b_singleGroup”, action="store_true",

help="If all wells are in a single group, use this flag"™)
parser,set_defaults(sseappend=False, b_singleGroup=False}
return parser

if _name__ == "__main__":
parser = obs2real_parser('1.0')
main{parser)
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G.4 Main PEST utility module

This utility module contains the meat of the INIT2PEST, REALZMOD, and OBS2REAL codes. Most of the
code in this module regards file creation, and incorrect syntax results in a complete failure of PEST, so if
PEST runs, the code works, Other verification methods will be called out in the code comments — most
are simply the visual inspection of the resulting fields (such as examining Figures 3-4 and 3-7) or through
the output to the console that is captured by the log files (see Section H.4, for exampie of INIT2PEST
output). The particular program that uses a function is indicated at the beginning of the comment

G.4.1 Module - CVS://Tfields::Inputs/scripts/pestutil.py

$1d: ?estut11.py,v 1.1.1.1 2008/11/05 23:57:43 dbhart Exp %
$module: pestutil §
$author: dbhart %

This medule supports MODFLOW-2000 python utility functions, simplified Geo-EAS
file functions, and PEST Groundwater Utilitiy file functions

In this module, the DATA cbject is always O-indexed, but otherwise the same as
MODFLOW-2000 format -~ i.e., Node 0 is the ugper left cell on the topmost layer
moving row-major across the layer, then to the next lower layer

RHIHEREREHR

import sys, datetime, time, math
from optparse import Optionparser

s S
# PEST rConfiguration Routines

INTT2PEST: This routine takes observation data read in from the files specified in “spec observarions.in’ and creates the observalion groups
hed ubservaiion values used in the PEST configuration file. Manual examination of one compleie PEST file is sufficient fo verify proger fimction,
and PEST wewld fail to iqunch i this data was incorrectly specified.
def create_observation_data{ filename , baseOpts=None );
parser = observation_data_parser{)
AltobsGroups = []
AllobsData = []
AllInspPairs = []
argfile = open(filename, 'r")
alist = []
for arg in argfile:
alist.append(arg.strip(})
(options, args) = parser.parse_args{args=alist)
ststate = options,ststate
sspict = {}
startbates = {}
for test in options.ststate:
sspict[test.upper()] = True
try:
(StartDates, PumpList) = read_pumping(options.pumpfile)
except:
print 'the pumping file is inwvalid'
raise
if options.trtests == []: trtests = pumpList
else: trtests = options.trtests
alltests = ststate + trtests
measFiles = {}
mod1Files = {}
if baseOpts is not None:
for test im alltests:
if baseopts.modlfmt is not None:
mod1File = baseopts.modlfmt%{’'test': test.lower() }
modlFiles[test.upper()] = modIFile
if baseopts.measfmt is not None:
measFile = baseOpts.measfmt%{'test’': test.lower() }
measFiles[test.upper{)] = measFile
for (test,filename) in options.measFile:
measFiles [test.upper(Q] = filename
for {test,filename) in options.modflowFile:
modifiles[test.upper()] = filename
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for test in alltests:
if test.upper() in SSDict: b_steadyState = True
else: b_steadyState = False
if test.upper() in measFiles: msFile = measFiles{test.upper()]
else: msFile = 'meas_'+test,lower{)+'.smp'
if test.upper() in modiFiles: mfFile = modlFiles{test.upper()]
else: mfFile = 'modeled '+test.lower()+'.bin’
if not b_steadyState: startdate = StartDates[test.upper()]
else: startdate = None
data = Samplebata({test.upper(),startdate)
data.load_measured{msFile
obsGroups = data.assign_obs_groups(b_steadystate)
obsData = data.assign_obs_data(b_steadystate}
print ' For test 1d',test.upper(}
print ' Added',Ten(obspata), "observations in',len{obsGroups), 'groups’
AllobsGroups = AllobsGroups + obsGroups
Allobsbata = AllobsData + obsData
outFile = mFFile.split('.")
insFile = mFrile.split('.")

outFile[-1] = 'out'

insFilel-1] = 'ins’

outFile = ','.join(outFile)

insFile = ','.Join{insFile)
write_ins_file(insFile,obspata)

print ' saved observation jnstruction file to:',insFile

AllInsPairs.append{ (insFile,outFile,) )
return AllobsDbata, AllobsGroups, AllInsPairs

INFL2PENT This procedure parses the “spec_ohservativns.in” file jor options.
def observation_data_parser( ):
parser = OptionParser()
parser.add_option("-s","“--steady-state-test",dest="ststate" ,action="append™,
metavar="TestID" help="Steady state test ID. May be used more than once™)
parser.add_option("—-pumping-testn%i1e',dest:"pumpf11e",metavar="FILE",
halp="PEST Gw utility Pumping File. All pumping test start dates should be
in this file, and bore names must match those Tisted as pumping tests™)
parser.add_option{"-p","--pumping-test",dest="trtests",action="append", .
metavar:"TestID",he1p="Pump1ng tests to use. IT none are specified, all
tests Tisted in the pumping-test-file will be used.™)
parser.add_option("--use-test-measured-
file",dest="measFile",metavar="TEST,FILE" ,action="append",nargs=2, L.
help="1f unspecified for a given test, this utility assumes data is in a
file of farmat 'meas_TESTID.smp'™)
Parser.add*o tion{"--use-test-modflow-output-
file" . dest="modflowFile",metavar="TEST,FILE" ,action="append” ,nargs=2, .
help="If unspecified for a given test, this utility assumes data is output
to a file of format 'modeted_TESTID.bin'"™)
parser.set_defaults(ststate=[],pumpfile=
return parser

,trtests=[],measFile={], ,modflowFile=[]}

COMMENT: This parse reads command vatues, however, it is not currently used

def commands_parser( J:
parser = OptianParser()
parser.add_option('--pest’ dest="'pest' ,default="'./pest.exe"')
parser.add_option(’--ppest’',dest="'ppest’,default="./ppest.exe’)
parser.add_option{’'--pslave’,dest="pslave’,default="./pslave.exe’)}
parser.add_option('--parcalc¢’,dest="parcalc’,default=""/parcalc.exe')
parser.add_option('--picalc’,dest="picalc’,default="./picalc.exe’)
parsar.add_option('--parrep',dest="parrep’ ,default="'./parrep.exe’)
parser.add_option('--ppk2fac' dest="ppk2fac',default="./ppk2fac.exe")
parser.add_option('--fac2real',dest="'fac2real’,default="./fac2real exe")
parser.add_option('--real2mod',dest="'real2mod" ,default="./realt2mod.py')
parser.add_option('--mf2k',dest="mf2k",default="./mf2k.exe')
parser.add_option('--modZobs’,dest="mod2obs',default="./mod2obs.exe'}
parser.add_option('--obs2real' dest="obs2real’ ,default="./obs2real.py')
parser.add_option{'--dtrkmf*, dest="dtrkmf',default="./dtrkmf.exe"')
return parser

HRRRRRHRABE AR BRI SRR BRI RS AR R R R i
# Parameteroptions Class Defimitions
INITZPEST: The obfect-oriented methods of Pythan aliew for classes which contain bath data and fnctions. This class conkains the parameter
data for a specific type of paramerer (T, for eximnple). and then the canumands are used to create the approprite files.
class ParameterQptions:
gridrFile = None
coordFile = None
nZones = 1




Module — CVS://Tfields::Inputs/scripts/pestutil.py

AP-114 Task 7 Report
Page 144 of 187

znInptIndFile = []
znInptIndval = (]
outZoneNumFile = None
spvarfFile = Nong
znInitvalegn = []
outInitFieldFile = None
fpFile = None
srchDist = 500.0
znsrchDist = []
gridbist = 5000.0
znGridoist = []

znNoFixed = []
znNowells = []
znNoGrid = []
wellFile = None
outTplFile = None
outPptFile = None
OutRZ2MFile = None
QutP2FFile = None
outF2RFile = None

outFactorsFile = None
outkrigFieldFile = None
outModftlowFile = None
maskval = -

varioFile = None
znvarioModel = []
znvariosrch = []
maxvalue = 10.0
minvalue = -10.0

znMaxvalue = []
znMinvalue = []
varioModel = None

variosrch = 0.0

transform = None

scaleUp = None

scaleDown = None

# Now, non-parsed options
zoneFiald = None
initField = None
spvarField = None
pointLocs None
pointGrps = None
wellcoords = {}

specs = 5“0 ,1,1,00,00,00,1.0, 1.0, 1.0)
param =

needMaskParam = False
parData = []

parGr? =

arFiles =
atexTab1eInfo = None
TatexPointInfo = None

def __init__( self, param=
self.parfiles = []
self.parpata = [
self. ?arGrps =
self.load opt1ons(opt1ons)
self.param = param

, options=None ):

INIT2PEST:This section loads the vatues from he “spec_peints Tin” file, for example, listed in the “spec_config ".in file.

def load_options( self, options , baseOpt=None }:
if options is None: return
if baseopt is not None:
case = baseOpt.peststub
else:
case = 'culebra’

if options.gridrile is not None:
self.gridrile = options.gridrFile%{'case': case, 'param':
self.specs = read_spc_file(self. gr1dF11e)

if options.coordrFile is not None:

self.coordrile = options.coordFile%{"'case': case, 'param':

self.wellCoords,dummy = read crd f11e(5e1f coordrile)
elif baseGpt is not None and baseOpt. coordF11e i5 not None:

self.coordrFile = baseOpt.coordFile%{'case’: case, 'param':

self.wellcoords, dummy = read_crd_file(self.coordrFile)

self.param}

self.param}

self.param}
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if options.outZoneNumFile is not None:
. self.outZoneMumFile = options.outZoneNumrFile%{'case': case, 'param’': self.param}
elif baseopt is not None and baseopt.zonefmt is not None:
] self.outZoneNumFile = baseOpt.zonefmt%{'case": case, 'param': self.param}
else:
self.outZoneNumFile = 'modeled_zones_points_'+self.param+".inf’

if options.spvarFile is not None:
self.spvarFile = options.spvarFile%{'case': case, 'param’': self.param}

if options.outinitFieldFile is not None: = .
. self.outInitFieldrile = options.outInitrieldrite%{ 'case’: case, ‘param’: self.param}
elif baseopt is not None and baseopt,initfmt is not None:
] self.outInitFieldrFile = baseopt.initfmt%{'case': case, 'param': self.param}
else:
self.outInitFieldFile = 'modeled_init_points_'+self.param+'.mod"

if options.fpFile is not None:
self.fpFile = options.fpFile%{'case'; case, 'param': self.param}

if options.srchDist is not None: self.srchDist = options.srchDist
if options.gridpist is not None: self.gridDist = options.gridDist

if options.wellFile is not None: self.wellFile = options.wellFile%{'case': case, 'param':
self.param}

if options.outPptFile is not Hone:
. self.outPptFile = options.outPptFile%{'case': case, "param’': self.param}
elif baseopt is not None and baseOpt.ppffmt is not Wone:
self.outPptFile = baseopt.ppffmt%{‘case': case, 'param': self.param}
else: self.outPptFile = "modeled_points_'+self.param+' .dat’

if options.outTplFile is not None:
] self.outTplFile = options.outTplFile%{'case': case, 'param': self.param}
else:
pptpl = self.outpptFile.split('.")
pptp1[-1] = 'tpl'
self.outTplFile = '.'.join{pptpl)

if options.outR2ZMFile is not None:
self.outR2MFile = options.outR2MFile%{'case’: case, 'param’': self.param}
elif baseopt is not None and baseopt.inpredfmt is not None:
, 12mod'} self.outRZMFile = baseopt.inpredfmt¥%{'case': case, 'param': self.param, 'prog":
realZmo

if options.outP2FFile is not None:
. self.outP2FFile = options.outP2FFile%{'case’: case, 'param’': self.param}
elif baseopt is not None and baseoOpt.inpredfmt is not None:
' ppk2Fac’) self.outP2FFile = baseOpt.inpredfmt%{ 'case': case, 'param': self.param, ‘prog':
PP ac’

if options.outF2RFile is not None:
. self.outF2RFile = options.outF2RFile%{'case': case, 'param’': self._param}
elif baseOpt is not None and baseopt.inpredfmt is not None:
self.outF2RFile = baseOpt.inpredfmt%{'case': case, 'param’': self.param, 'prog':
'fac2real'}

if options.outFactorsFile is not None: i
. self outFactorsFile = options.outFactorsFile®{'case': case, 'param': self.param}
elif baseopt is not None and baseopt.facfmt is not None:
. self.outFactorsFile = baseopt.facfmt¥%{"case': case, 'param': self.param}
else:
self.outFactorsFile = 'modeled_factors_points_'+self.param+'.bin’

if options.outkrigrieldFile is not None: .
i se1f.0uth1gF1e1dF11e = ogt1ons.outgrigFig1dF11e%{‘case': case, 'param’: self.param}
e1if bageOpt is not_None and baseOpt.krigfmt is not None:
. self.outKrigFieldFile = baseopt.krigfmt%{'case’: case, 'param': self.param}
else:
self. outKrigFieldrFile = "modeled_points_'+self.param+'.mod'

if options.outModflowFile is not None:
. self.outModflowFile = options.outModflowFileX%{ 'case"': case, 'param': self.param}
€1if baseOpt is not None and baseopt.modfmt is not None:
) self.outModflowFile = baseOpt.modfmt%{'case’: case, 'param': self.param}l
else:
self.outModflowrile = 'modeled_'+self.param+'_field.mod’
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if
if

if
if
if
if
if

if
if

if

if

if

if

if

if
float(b), )
if

if

if

if

if

if

if

options.maskval is not None: self.maskval = options.maskval

options.varioFile is not Nome;
self.varioFile = options.varioFile%{'case': case, 'param': self.param}

options.varioModel is not None: self.variomodel = options.variomodel
options.varioSrch is not None: self.varioSrch = options.varioSrch
eptions.transform is not None: self.transform = options.transform
options.scalaup is not None: self.scaleup = options.scaleUp
options.scaleDown 1s not None: self.scaleDown = options.scaleDown

options.maxvalue is not None: self.maxvalue = options.maxvalue
options.minvalue is not None: seif.minvalue = options.minvalue

options.nZones is not None:
self.nZones = options.nZones
self.znInptIndrile = [None]*self.nzones
seif.znInptIndval 1]*self.nZones
self.znInitvaleqn (1.0,0.0,)]%sel1f.nZones
self.znsrchDist = [self.srchDist]*self.nzones
self.znGridpist self. gridDist] *self.nZones
self.znNoFixed alsel*self.nZones
self.znNowalls alsej*self.nzones
self.znNoGrid = [False]*self.nzZones
self.znvarioMode] [self.variomodel]*self.nZones
self.znvariosrch = fself.variosrch]*self.nZones
self.znMaxvalue = [self.maxvalue]#*self.nZones

self.znMinvalue = [self.minvalue]*self.nZones

(I

I BT MNeae

T—r—

options.znMaxvalue is not None:
for (zn,v1) in options.znMaxvalue:
self.znMaxvalue[int(zn}] = float(vl)
options.znMinvalue is not None:
for (zn,v1) in options.znMinvalue:
self.znMminvalue[int(zn}] = float(v1)

options.znInptIndFile is not None:
for (zn,f1) in options.znInptindFile:
if self.znInptindriie[int{zn)] is None:
] self.znInptindrilelint(zn)] = [f1%{'case’: case, 'param': self.param}]
alsa:
self.znInptIndFilefint(zn)].append(f1%{ 'case’: case, 'param': self.param})

options.znInptIndval is hot None: . ..

for (zn,ind) in options.znInptIndval: self.znInptIndval[int(zn}] = int(ind)
options.znInitvalEqn is not None: . .

for (zn,m,b) in options.znInitvalegn: self.znInitvaleqn[int{zn)}] = (float(m),
options.znsrchDist is not Nene: . ) .

for (zn,dist) in options.znSrchDist: self.znsrchbist[int(zn)] = float{dist)
options.znGridoist is not None: R )

for (zn,dist) in options.znGridpist: self.znGridDist[int(zn)] = float(dist)
options.znNoFixed is not None: .

for zn in options.znnoFixed: self.znNoFixed[zn] = True
options.znNowells is not None:

for zn in options.znNowells: self.znNowells[zn] = True
options.znNoGrid is not nNone:

for zn in options.znNoGrid: self.znNoGrid[zn] = True
options.znvarioModel is not None: . .

for (zn,md) in options.znvarioModel: self.znvarioModelfint(zn)] = md
options.znvariosrch is not None: . ] ,
for (zn,dist) in options.znvariosrch: self.znvariosrch(int(zn)] = float(dist)

return
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def create_zones( self , baseOpt=None ):
self.zoneField = Fieldpata(self.specs)
self.zoneField.init_to_zeros()
nZones = self._nzones
print ' ',nZones,'zones defined for parameter',self.param
for i in range(l,nZones):
infile = self.znInptIndFite[i]
for IF1 in infile:
indic = self.znInptIndvalli] ] .
print ' ','reading’ [ IF1,'=="1indic, 'for zone id ',i
zD = Fieldbata(self.specs)
zD.load_field(IF1, 'GEOEAS') .
num = self.zoneField.assign._vals_by_indicator(i,zD,indic)
zoneFile = self.outZoneNumFile
self.zoneField.save_field(zoneFile)
print ' ', 'saved zone field to:', zoneFile
return self

INTP2PENT: This function creates the imnal field from the purameler data. depth. and regression variables. The vesuiting file can be viewed
graphically or textually for verification purposes.
deF)create_init1a1_fie1d self , baseOpt=None }:
self.initField = Fieldpata(self.specs)
self.initField.init_to_zeros()
varpbataFile = self.spvarFile
sumInfo = [tuple()]*self.nZones
print ' Creating initial values field for parameter’,self.param
1f varbataFile is not None:
spatialvar = Fieldpata({self.specs)
; spatialvar.load_field(varpataFile, 'GEOEAS")
else:
spatialvar = Ngne
for i in range(Q,self.nzZones):
{m,b) = self.znInitvalegn[i]
(ct,ave) = self,zoneField.assign_initial_hy_zone(i,spatialvar,m,b)
if spatialvar is Nonhe: D = Nohe
else: D = 'D'
SumInfol[i]l =¢(m , D, b, ct , ave , )
print ' Zone',i,'assigned',ct, 'cells with an average value of',ave
self.initrField.d_data = self,zoneField.d_mask
self.initField,.save_field(self.outInitFieldFile)
5e1f.59varFie1d = Spatialvar
print saved initial values field to:’,self.outInitFieldFile
self.latexTableInfo = suminfo
return self

INIT2PEST: This section creates the pilot poiat locations for o parameter given the options specified in the “spec_*.in” file. This process places
Jixed pilot points, then pilor points hetween pumping and observanom wells. and then Jills in the remamder with a grid, as is described in Section
3.2.The verification is done bath graphically by examining pictures such as in Fignre 3-7, but also in console onipwt as presemted in H 4.
def create_pilot_points( self , baseOpt=None ):
(nx,ny,nz,x0,yd,z0,dx,dy,dz) = self.specs
zoneFld = self.zoneField
param = self, param
nZones = self.nZones
F?F11e = self.fpFile
wiFile = self.wellFile
PilotPointData = []
PilotPointGrps = []
b_noFixed = self.znNoFixed
b_nowells = self.znNowells
b_noGrid = self.znnoGrid
dist = self.znSrchDist
dist = self.znGridDist
pvals = {}
print ' Creatinﬁ pilot points for parameter',self.param
if fpFile is not "" and fpFile is not None:
FixedPoints = read_pts_115t(f?Fi1e)
FixedPointsvals = read_pts_vals(fpFile)
for {(x,y,zn,val) in FixedPointsVa?s:
fpId = '%7d%7d'%{x,y,)
fpvals[fp1d] = val
else:
Fixedroints = []
if wiFile s not "" and wlFile is not None:
welllLocs = read_well_pairs(wlFile)
else: wellLocs = {}
h_needMask = False
PntInfo = [tuple()]*self.nZones
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for 1 1in range(0,nZones):
znwellPoints = []
znGridPoints = []
ZoneFixed = [
pointsFld = Fieldpata(zoneFld.specs)
pointsFid.init_to_zeros()
if not b_noFixed[i]:
pointsFld.blank_fixed_points(FixedrPoints,dist[i]}
if not b_nowells{i]: .
. znwellPoints = pointsFld.add_well_points(WellLocs,self.wellCoords,dist[i]) ##en
Fix wellLpcs
if not b_noGrid[i]:
znGridPoints = pointsFld.add_grid_points(adist[i])
pointsLocations = znwellPoints + znGr1dPo1nt5

# print ' Number of possible locations:',len(pointsiocations)

ZonePoints = self.zoneField. a551gn ppoints_to_zone(j ,pointsLocations,dist[i])
# print ' Locations used in zone',i,":", 1en(zonePo1nts)

vCt = 0

vMin elf.znMinvalue[i]

vMax = e1f znMaxvalue[i]
{m,b) = self.znInitvaleqn[i]
for {x,¥,2zn} in ZonePoints:
¥ self. spvarrField is None: D = 0

else:
k =1int({ x - %0 ) / dx)
J=1nt((y0-y)/dy)
node = k + (3 * nx )
D = seif.spvarField.d_data[node]
val =m*D+ b
pId = '%s_z%.ldp%.4d' % ( param, zn, vCt,)
vet = vCt + 1

PilotPointData.append{{pId,x,y,zn,val,vMin,vMax,Faise,self.param+"_zn%d"%i,))
if not b_noFixed[i]:
vet = 0
ZoneFixed = self.zoneField.assign_ppoints_to_zone(i,FixedPoints,0.00}
for (x,y, zn) in ZoneFixed:
fpId = *%7d%7d'%(x,y,)

val = fpvals[fpid]
pId = '%s_z%.1df%.4d' % ( param, zn, vCt,)
vCt = vCt + 1

PilotPointData.append((pld,x, y zn,val,val,val,True,self.param+"_znkd"%i,))
if len(zonepoints)+len(ZoneFixed) > 0: .
: PilotPointGrps.append({self. param+ zn%d"%1 ,max { ((vMax-vMin)/64.0),06.01),))
else:
self.needMaskParam = True . .
. print ' Assigned’, len{ZonePoints), 'variable and ' ,Jen(ZoneFixed),'fixed pilot
points to zone',id
pntInfo[i] = ( len{Zoneroints) , len(ZoneFixed) , vMin , wvMax , )
write_ppt_tpl_ f11e(se1f outTplrile, P11otPo1ntData)
print ' saved pilot points temp]ate file to:',self.outTplFile
write_ppt_init_file(self.outPptFile, P11otP01ntData)
print ' saved initial pilot points data to:",self.outPptFile
self.parData = PilotPointData
self. ?arGrps = PilotPointGrps
self.latexPointInfo = Pntinfo
return

COMMENT: Tlis seciion is used. the the resuliing file iy wmsed.
def print_latex_table(self ):
TatexFile = self. outIn1tF1e1dF11e split('.")
TatexFile[-1] = "tex
latexFile = ' ]o1n(1atexF11e)
LTX = open(1atexF11e 'w'
print »>>LTX, \\be91n{tabular}{c1ccccc}
print >>LTX, "\\bf Zone & & \\bf Num & \\bf
Mean & \\bf Fixed & “\\bf variable & \\bf Point Limits “\\\\ '
print >>LTX, '\\bf ID & \\bf Equation for Initial $\\1o? {10}(%5)3 & \\bf cells & \\bf
value & \\bf Points & \\bf Points & $[LB,uUB]S \\\\\\hline '%{self.param)
for i in range{(0,self.nZones):
(m,D, b, ct, ave , ) = self.latexTableInfo[i]
( nvar , nFix , 1b , ub , ) = self.latexprointInfo[i]
if D is None:
print >>LTX, "Z-%d & $%s_{%d} = %f § & %d & %g & %d & %d & $[%.1f %. 1f]$
MANEG, 5e1f1param i,b,ct,ave,nFix,nvar,1b,ub)
elsa
pr1nt >>LTX, "Z-%d & $%s_{¥d} = %f \\cdot %5 %+.4f 3 & %d & %.3f & %d & %d &
$[%.1F,%.1F1$ \\\\'%(i,self.param,i,m,0,b,ct,ave,nFix,nvar, 1b,ub)
print >>LTX, '\\h11ne\\h11ne\\end{tabu1ar}'
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LTX.close() . ] ]
print ' saved initial pilot points summary to:', latexFile
return

INIT2PEST: This section creates the wemplate fites for PPK2FAC, FACZREAL, and REALINMOD. The output files can be visually inspected.
though any faitures are quickly evidenced in any log file.
det create_utility._ inputs( 5e1% , baseQpt=None ): . ) .
print ' Creating groundwater-utility program input-redirection files'
opts = { 'gridspec’': self.gridFile,
"input’: self.outkrigrieldrile,
'output': self.outModflowFile }
if self.transform is not None: opts['transform'] = self.transform
if self.scaleUp is not None: opts{'scale-up'] = self.scaleup
if self.scaleDown is not None: opts['scale-down'] = self.scaleDown
self.parFiles.append( ( self.outTplFile, self.outPptFile, )} )
if self.needmaskParam:
self.parGrps.append{(self.param+"_msk",0.05,))
self.parpata.append{( "%s_shift'%self.param,0,0,0,0,-5,5,False,self . param+"_msk",))
ocutTplReal2Mod = self.outR2MFiTle.split('.")
outTplrealZModi-1] = "tpl°’
outTplReal2mad = ' .’ join(outTplReal2Mod) i
self.parFiles.append( ( outTplReal2Mod , self.outR2MFile , ) )
opts['mask-value'] = self.maskval
opts['mask-shift'] = '#%s_shift #'%self.param
opts[‘mask-file'] = self.outInitFieldFile
write_r2m_tp1_file(outTplReal2Mod,opts)
print ' saved REALZMOD template file to:',outTplRealZmod
opts[‘mask-shift'] = 0.0
write_rm_opt_file(self.outR2MFile, opts) .
print ' saved REALZMOD qinput file to:',self.outRZMFile
fac2realinp = [}
fac2realInp.append(self.outFactorsFile)
facZrealInp.append{‘'u')
fac2realInp.append(self.outPptFile)
fac2realInp.append{’s")
fac2reallInp.append(-99.9)
fac2realInp.append('s’')
fac2realInp.append{99.93)
fac2realInp.append(self.outkrigFieldriie)
facZrealInp.append(’'f")
fac2realInp.append{self.maskval)
write_txt_file(self.outF2RFile,fac2realinp)
print ' saved FACZREAL input file to:',self.outF2rFile
ppk2facInp 1
ppk2facInp.append(self.gridrile)
ppk2facInp. append(self.outPptFile)
ppk2facInp.append('1')
ppk2facInp.append(self.outzoneNumFile)
ppk2facInp.append(self.varioFile)
for 1 in range(0,self.nZones): .
ppk2facInp.append(self.znvariomodel[i])
ppk2facinp.append('o')
ppk2facinp.append(self.znvariosrch[i])
ppk2facInp.append (1)
ppk2facinp.append(9)
ppk2facinp.append(self.outFactorsFile)
ppk2facInp.append('u)
ppk2facInp.append(’ /dev/null')
ppk2facinp.append('u'
ppk2facinp, append(’/dev/null’) .
write_txt_file(self.outP2FFile, ppk2facInp) .
print ' saved PPKZFAC input file to:',self.outP2fFile
return

COMMENT: Retiorns list of data to an external finction
def get_pest_parameters( self , baseOpt=None }:
return self.parData, self.parGrps, self.parFiles

INIT2PEST: Parses the “spec_poimis_*.in" files.
def option_parser( self , filename=None , baseCpt=None }:

parser = OptionParser{) L )
parser.add_option("--grid-specification-file",dest="gridrile", type:"str1ng“)
parser.add_option("——we11—coordinates-Fi1e",dest="coordF11eT, type="string")
parser.add option(’--number-of-zones",dest="nZones", type="int" )
parser.add_option("--output-zone-file", dest="outZoneNumFile", type="string")
parser.add_option("--spatial-variable-file",dest="spvarFile", type="string") ]
parser.add_option("--output-initial-value-field",dest="outInitFieldrile”, type="string")
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parser.add_option("--fixed-points-data-file" , dest="fpFile", type="string")
parser.add_option("--search-distance" ,dest="srchoist”, type="float", default=500.0)
parser.add_option("——pi10t—p01nt—grid-spacing",dest:“gridD15t", type="float")
parser.add_option("--no-fixed-in-zone",dest="znNoFixed", type="int", action="append"}
parser.add_option("--no-wells-in-zone",dest="znNowells", type="int", action="append")
parser.add_option("--no-grids-in-zone",dest="znNoGrid", type="int", action="append")
parser.add_option("--connect-wells-file" dest="wellFile", type="string") ]
parser.add_option{"--output-pilot-peint-tpl-file", dest="outTplFile", type:fstrlng")
parser.add_option("--output-pilot-point-file”,dest="outPptFile", type="string")
parser.add_option{"--realZmod-file", dest="outR2MFile", type:"string")
parser.add_option("--ppk2fac-file",dest="outP2FFile", type="string")
parser.add_option("--fac2real-file" dest="outF2RFile", type="string") .
parser.add_option(’--kriging-factors-file" dest="outFactorsFile", type="string")
parser.add_option("wAkriged—va]ues—fi1e".dest:"outKri Fieldrile", type="string")
parser.add_option{"--modflow-input-file" K dest="outmodflowFile", type='string")
parser.add_option(’--nan-value-mask",dest="maskval", type="int", default='-999')
parser.add_option("--kriging-structure-file",dest="varioFile", type="string"}
parser.add_option("--varijogram-model"  dest="varioModel™, type:"str1n9")
parser.add_option{’--variogram-search” ,dest="variosrch”, type="float")
parser.add_option{"--max-value" ,dest="maxvalue", type="float"}
parser.add_option("--min-value",dest="minvalue", type="float") .
. parser.add_option("--zone-indicator-file",dest="znInptIndFile", type="string", nargs=2,
action="append™) .
parser,add._option(”--zone-indicator-value",dest="znInptIndval", type="int", nargs=2,
action="append"
parser.add_option{"--zone-initial-value-egn",dest="znInitvaleqn", type="float", nargs=3,
action="append")
parser.add_option{"--zone-search-distance"”,dest="znsrchpist", type="float", nargs=2,
action="append")
parser.add_option("--zone-pilot-point-grid-spacing”,dest="znGridoist", type="float",
nargs=2, action="append")
parser.add_option("--zone-variogram-model",dest="znvarioModel", type="string", nargs=2,
action="append")
. parser.add_option("--zone-variogram-search”,dest="znvariosrch", type="float", nargs=2,
action="append™)
parser.add_option("--zone-min-value”,dest="znMinvalue", type="float", nargs=2,
action="append")
. parser.add_option("--zone-max-value",dest="znMaxvalue", type="float", nargs=2,
action="append")
parser.add_option("--real2mod-transform”,dest="transform™, type="string")
parser.add_option{"--realZmod-scale-down",dest="scaleDown", type:“f]oat“)
parser.add_option("--real2mod-scale-up",dest="scaleup", type="float")
if filename is not None:
argfite = open(filename, 'r')
alist = []
for arg in argfile:
aa = arg.split()
for a in aa: alist.append(a.strip(})
(o?tions, args) = parser.parse_args(args=alist)
self.load_options(options,baseopt)
return parsar

INIT2PEST: This procedure creates the PEST control file wsed for the imitial PLST execyiion (k7?7 _init psyy. If this fails, PEST joiles and exits
With a rov-zero ervar code, The resulting owput file can also be verfied nsing the PEST wiiliny PESTCHEK.
def build_pest_file( options , fileplus=none , obsData:Ei , obsGrps=[] , obsFiles=[] ,
. parbata=[] , parGrps=[] . parFiles= , NITER=1):
if fileplus is not wone: fileplus = '_*' + fileplus
else: fileplus = "'
filename = options.paststub + fileplus + '.pst'
outfile = open{filename,'w")
print >»outfile, 'pcf’
print >»outfilte, '* comtrol data’
print >>outfile, 'restart estimation'
print >>outfite, Jlen{parData),len({obsData),len{parGrps), 0’,len{obsGrps)
print >>outfite, len(parFiles),lenCobsFiles), ' 'single’,"point',1,0,0
print >>outfile, '10.0 2.0 0.10 0.01 1'
print >>outfile, '3.0 4.0 0.001'
print >>outfile, '0.1'
print >>outfile, NITER,'0.001 4 3 0.001 3'
print »>>outfile, ‘11 1°'
print >>outfile, '* singular value decomposition'
print »>>outfile, '1°
print >>outfile, dint(len(parbata)/2), le-4'
print >>outfite, '1°
print >»outfile, ' parameter groups'
for GRP,DERINC in_parGrps:
print >>outfile, GRP,'rel_to_max',DERINC,'0.1 switch 2.0 parabolic’
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print >>outfile, '* parameter data' .
for PARNME,X,¥,zn,PARVALL, PARLBND, PARUBND, PARTRANS, PARGP in parData:
if PARTRANS 15 True: PARTRANS = 'fixed'
else: PARTRANS = "none’
print >»outfile, it
PARNME , PARTRANS, 'relative’,PARVALL+20, PARLBND+20, PARUBND+20, PARGP, "1.0",'-20.0",'1
print >»outfite, '* observation groups’
for OBGNME in obsGrps:
print >>outfile, OBGNME
print >>outfile, '* observation data'
for OBSNME,OBSVAL,WEIGHT,0BGNME in obsbData:
print >»outfite, OBSNME,OBSVAL,WEIGHT ,0BGNME

print >>outfile, '* model command line’
print >>outf]1e, options,mOQel
print >>outfile, '* model input/output'

for TEMPFLE,INFLE in parFiles:
print >»>outfile, TEMPFLE,INFLE
for INSFLE,OUTFLE in cbsFiles:
print_>»outfile, INSFLE,QUTFLE
ocutfile.close()
print ' saved PEST control file to:',fiTename
return

INIT2PEST: This creates the pevallel run contral file (r?7? it emf). Verified by visual inspection once.
def build_pest_rmf(options, fileplus=None):
if fileplus is not None: fileplus = '_" + fileplus
else: fileplus = '
filename = options.peststub + fileplus + '.rmf"
outfile = open{filename,'w’)
print >>outfile, 'prf’
print >>outfile, options.nslaves,'0 2.1000 1°
for i in range(l,options.nslaves+l): .
print »>outfile, 'slave'+str(i)},*./slave'+str{i)
for i in range(l,options.nslaves+l):
print »>cutfile, '100°
outfile.close()

print " saved PEST run management file:',filename
return

INITZ2PEST: These functions create the zones “modeled zanes_points .inf" and place the pilot poinis in the appropriate maaner based on the
aptions specified in the PavometerDa class,
REALZMOD: Loads a file and log-eansforms the inputs
WHERTHHERARA R ER BB HE B HR R R ERREH
# FieldData class
class FieldData:
d.data = []
d_mask = []
specs = None
doMask = None

def _init__( self , specs=none ):
if specs is not None:
self.specs = specs
else:
self.specs = (0, 1,1, 0.0, 0.0, 0.0, 1.0, 1.0, 1.0
return

def init_to_zeros(self):
nbata = self.specs[0] * self.specs[1]

self.d_data = [0]*nData
self.d_mask = [0]*nData
return

def Toad_specs(self, filename):
specs = read_spc_file(filename)
self.specs = specs
return

INIT2PEST
def add_well_points(self, points, coords, distance):

newPoints = []

(nx,ny,nz,x0,y0,20,dx,dy,dz) = self,specs

ptId = 0

for (ptl,ptList) in points.iteritems{):
(AX,AY,az) = coords[ptl]
i=1dnt({ AX - x0 ) / dx)
J = int({ y0 - a¥ ) / dy)
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node

=1+ (Jj*nx)

if not 1 < @ and not j < 0 and node < nx*ny and self.d_mask[node] == O:

for

distance

newrolnts. append( (AX,AY,])

self.d_data[node] =

self.blank_fixed_points([(AX,AY,)],distance*0.8)

pt2 in ptList:

(BX,BY,bz) = coords[pt2]

Rise = AY-BY

Run = AX-BX

distAB = math.sqrt{ (AX-BX)**2 + (AY-BY)**2 )

NX = AX + (AX-BX)/2.0

NY = AY + (AY-BY)/2.0

= int{( NX - x0 ) / dx)

= int(C y0 - NY ) 7 dy)

ode = 1 + ( j * nx )}

f distABR < distance*3:

if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[nhode] == 0Q:

newPeints.append ({NX,NY,))
self.d_datalnode] = 1
self.blank_fixed_points ([{NX,NY,)] ,distance*0.8)

i
J
n
i

else:
Rise = AY-BY
RUn = AX-BX
distAB = math.sqrt( Run**2 + Rise**2 )
if Rise == 0:
ddx = distance
ddy = 0.0
el1if Run == 0:
ddx = 0.0
ddy = distance
else:
ddx = distance * Run / distAB
ddy = distance * Rise / distAB
NX1 = AX - ddx
NY1l = AY - ddy
i =1int(( NX1 - x0 ) / dx)
jo=int(C y0 - NY1l ) / dy)
node = 1 + ¢ j * nx )
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] == 0:

newPaints. append((NXl,NYl,))
self.d_data[nodel = 1
self.blank_fixed._points([(NX1,NY1l,}],distance*0.8)
NX2 = BX + ddx
NY2 = BY + ddy
i=3nt({ NX2 - x0 ) / dx)
3 = int(( y0 - N¥2 ) / dy)
node = 1 + (J *nx)
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] == O:
newPoints.append((NX2 ,NY2,))
self.d_data[node] = 1
self.blank_fixed_points ([(NX2,N¥2,)],distance*0.8)
= distance * 1.5

for (ptl,ptList) in points.iteritems():
(AX,AY,az) = coords[ptl]
for pt2 in ptList:

(BX,BY,bz) = coords[pt2]

Rise = AY-BY

Run = AX-BX

distaB = math.sgrt{ Run**2 + Rise**? )}

if Rise == Q:
ddx = distance
ddy = 0.0
elif rRun == 0:
ddx = 0.0
ddy = distance
alse:
ddx = 500.0 * Run / distaBg
ddy = 500.0 * Rrise / distAB
NX = AX + ddx
NY = AY + ddy
i=4nt({ NX - x0 ) / dx)
i = int(( yO - Ny ) / dy)
node =1 + (§ * nx )
if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] =

newPoints.append({NX,NY,))

self.d_data[nodel = i

self.blank_fixed_points{[{NX,NY,)],distance®0.8)
NX = BX - ddx
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Y = BY - ddy
= int(( NX - x0 ) / dx)
= int{( y0 - NY ) / dy)
ode =1 + (J*nx)

f not i < 0 and not j < 0 and node < nx¥ny and self.d_mask[node] =

newPoints.append( NX NY,))
self.d_data[node] =

. §e1f.b1ankaixed_point5([(Nx,NY.)],distance*O.B)

if distAR »= distance®3:

Rise = AY-BY

N
'I
J
no
i

Run -BX
distAB = math.sgqrt{ Run**2 + Rise®*2 )
if Rise == 0:
ddx = distance
_ ddy = 0.
elif Run == 0:
ddx = 0.0
ddy = distance
else:
ddx = distance * Run / distAB
ddy = distance * Rise / distaB

for k in range(l,int(distAB/distance)):

NX1 = - ddx* (k+1)

NYl = AY = ddy*(k+1)

i=int({ NXL - x0 ) / dx}

J = dint(( y0O - Nvl ) / dy)

node =4 + ( J * nx )

if not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] == 0:

newPoints.append{ (NX1,NY1l,))
self.d_data[node] =
self.blank_fixed_points([(nx1,Nn¥1l,)] ,distance*0.8)
NxXZ2 = BX + ddx*(k+1)
NYZ2 = BY + ddy*(k+1)
i=int({ NX2 - x0 ) / dx}
J o= dAnt(( y0 - nv2 ) / dy)
node =1 + (J * nx )

if not 1 < 0 and not j < 0 and node < nx*ny and self.d_mask[node] == 0:
newPoints . append({NX2,Nv2,))
5e1f.d_data?node] =

] self.blank_fixed_points([(Nx2,NY2,)],distance*0.8)
return newpoints

INIT2PEST
def add_grid_points(self, distance):
newPoints = []
(nx,ny,nz,x0,y0,z0,dx,dy,dz) = self.specs
ptId = @
for iCt in range(0,l+nx/int(distance/dx)}:
for ]Ct in rarge(Q,1+ny/int({math,sqrt(3)/2)*distance/dy)}:
= 0t * 1nt(d1stance/dx) + 1nt(0.2*distance/dx) + ((Jct % 2) *
int(0. 5*d1stance/dx))
3 = jCt * int(distance/dy)} + int(0.2*distance/dy)
node =1+ CJ*m)
= x0 + 1 * dx
=y0 - j * dy
1f not i < 0 and not j < 0 and node < nx*ny and self.d_mask[node] == 0:
newPo1nts append((x y,))
self.d_data[node] =
self.blank_ f1xed_po1nt5([(x y,}],distance*0.6)
return newPoints

INIT2PEST
def blank_fixed_points(self, points, distance):
# Points are array of (x,y,) tuples
(nx,ny,nz,x0,y0,z0,dx,dy,dz} = self.specs
iDist = 1nt(d1stance/dx)
iDist = 1nt(d15tance/dy)
or (x ¥} in points:
=dint(({ x - x0 ) / dx)
% int(( y0 ~ y ) / dy)
or 11 in range(-iDist, 1D1st+1)
for 31 in range(- JD15t jDist+l):
i+ d4i < Qor i+ ii »>=nx: continue
if j.+ 3] <0 or ] + jj »=ny: continue
if 11 < 01 sii =
else: sii =1
if 3 < 0: sjj = -1
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else: sjj =1
xeur = X0 + (3 + i + (511%0.5) ) * dx
yeur = y0 - C j + jj + (833*0.5) ) * dy
dist = math.sqre( { x - xcur)**2 + { y - ycur)*¥ 2 3}
node =1 + i1 + (3 Jq nx
if dist <= distance: self.d_mask[int(node)] =
return
INIT2PEST
def assigg_vaTs_by_indicator( self , value , IndicField, Indicvalue=1 ):
ct =

if len(self.d_data) <> len(IndicField.d_data):
raise "fields are not the same size!’
for 1 in range(0,len(self.d_data)):
v = IndicField.d_data[i]
if v == Indicvalue:
self.d_datafi] = value

ct=ct + 1
return ct
INIT2PEST
def assign_initial_by_zone( self, zoneID, Spatialvar=None, m=1.0 , b=0.0 ):
ct =20
mySum = 0.0

for 1 in range(0,7en(self.d_data)):
z = self.d_datafi]
if 5pat1a1var is not None:
= Spatialvar.d_data{i]
e1se D= 0.0
if z == ZonelID:
v=m*D4+h
self.d_mask[i] =
mysum = mysum + v
ct =ct + 1
return c¢t, float(mySum/ct)

INIT2PEST
def assigg_ppoints_to_zone( self, ZoneID, points=[], distance=500.):
ct =
{nx,ny,nz,x0, y0,z0,dx,dy,dz) = self.specs
iDist = 1nt(d1stance/ x)
jDist = int(distance/dy)
goodpPts = []
Tor (x,y) in points:
1= int(( x - %0 ) / dx)
J—mt((yo—y)/dy)
node = i + ( j nx
z= selif.d data[node]
if z == ZoneID:
goodPts.append( {(x,y.z,) )
elsa:
addPt = False
for i in range(-iDist,iDist+1):
for j% in range(- JD1St joist+l): .
i+ 11 <0or i+ 11 >=nx: continue
if j+ 37 <0or j+3jje= ny: continue
node = 1 + i1 + (Cj + 3] ) * nx
z =self.d_data[node]
if z == ZoneID: addPt = True
Z = ZonelD
if addpt:
goodpPts.append{ (x,y,z,) )
return goodprts

REALZMOD & INJT2PEST
def 1oad f1e1d(se1f filename, format="MODFLOW" ):
format. upper()

1f fmt == "MODFLOW":
self.d_data = read_mf2k(filename)

elif fmt == "GEQEAS":

. self.d_data = read_geoeas(filename,self.specs)

else:
print ‘cannot open', filemame, 'of unknown format®', format
raise

return

REAL2MGD & INIT2PEST
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def save_field(self, filename, format="MODFLOW" ):
fmt = format.upper()

if fmt == "MODFLOW":
self.write_mf2k({filename)

else:
print 'cannot save', filename, ‘of unknown format', format
raise

return

REALZMOD & INIT2PEST
def load_mask(self, filename, format="MODFLOW" ):

fmt = format.upper(

if fmt == "MODFLOW":
self.d_mask = read_mf2k(filename)

elif fmt == "GECEAS":

: self.d.mask = read_geoeas{filename,self.specs)

else:
print 'cannot open’, filename, ‘of unknown format’, format
raise

return

REAL2MOD
def run_transforms{self, transforms):
ct =20

“( shift , scale , maskshft , xform ) = transforms

for val in self.d_data:
if val == self.doMask: val = self.d_mask[ct] + maskshft
if xform == "L0G10":

val = val * scale

val = math.loglQ(val)

val = val + shift
elif xform == "POW1l0":

val = val + shift

val = 10**val

val = val * scale
else:

val val * scale

val = val + shift
self.d_dataict] = val
ct =ct + 1
return

REALZMOD & INIT2PEST
def write_mf2k( self, filename ):
try:
outfile = open(fiiename,'w")
except IQError:
print 'cannot open', filename
raise
else:
for val in self.d_data:
print >» outfile, val
outfile.close()
return

INIT2PEST: The folfowing calculares initial pilot paint vales based on the zone, depth. and regression parameters.
HERBUR AR AR AR TR RR RN AR LTI

# PointbData class

class PointData:

PilotPointLocs = []
FixedPointLocs = []
Fixedrointvals = []
InitialvalrPars = []
InitialvalSPvF = None

need_mask = []
max_values
min_values
nzones = 1

=[]
=[]

def __init__(self, nZones=sl):
self.need_mask = [False]*nZones
self.max_values = [1]*nZones
self.min_values = [0]*nzones
self.nzones = nZones
return

def assign_parameters{ self , param="" ):
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arameters = []
_USESPY = False
ZnPtCt = [0]*self.nzZones
ZnFpCt = [0]*self.nZones
if self.InitialvalsPvF is None: D = 0.0
else:
b_usesPV = True
spvFld = self.InitialvalspvF
for (Ox,y,zn) in self.PilotPointLocs:
x =1 Toat(x)
= float(y)
zn = int{zn)
if b_usespv:
(nx,ny,nz,x0,y0,2z0,dx dy dz) = spvFld.specs
1= 1nt(( x - x0 ) / X}
= int{( y0 - ) / dy)
node = i + { j x )
D = spvFid.d data[node]
(m,b) = self.Initialvalrarsizn}
ival =D *m+ b
vMin = self.min_values[zn]
vMax = self.max_values[zn]
vCt = znPtCt[zn]
znPtCt[zn] =vCt + 1
pId = "%s_z¥%.ldp%.4d' % ( param, zn, vCt,)
bIsFixed = False
bisMask = False
parameters.append( (pId, x , ¥ , zn , ival , vMin , vMax , bIsFixed , bIsMask ,
“grp.' +param, YD
fpvals = {} .
for (x,y,zn,val) in self,FixedPointvals:
fpld = '%7d%7d'%(x,v,)
fpvals[fpId] = (x , ¥ , val , )
for (x,y,zn) in self.FixedPointLocs:
fpId = ‘%7d%7d'%(x,y,)
(xx,yy,ival) = fpva¥s[prd]
bIsFixed = True
bIsmask = False
vCt = znFpCt(zn]
anpCt[zn = vCi +
pId = "%s_z%.1df%. 4d % ( param , zn, vCt, }
parameters,append( (pId, x , y , zn , jvai , ival , ival , bisFixed , bIsmask ,
“grp_"+param, ) )}
b_mask = False
for usemask in self.need_mask:
if usemMask: b_mask = True
it b_mask:
pId = "%s_shiftzn® % (param,)
) parameters.append( {(p1d, 0.0, 0.0, ¢, 0.0, -5.0 , 5.0 , False, True , "msk_."+param,

return parameters

INIT2PEST and QBSIREAL:
HRP BB RARP IRV SRR RS TRAH
# Sample Data class
class SampleData:
"well sample data Chead or drawdown) observations"”
measured = {}
modeled = {}
wells = []
pumpID = Nonhe
well_coords = {}
residuals = {}
rmsevals = {}
areavals = {}
ssevals = {}
aveArea = {}
nrmsevals =
maxMeas = (}
maxModl = {}
b_singleGroup = False
startdate = None
def _init__(self, pumplD=None, startDate= None):
Tnitiatize the sampleData object"
self.pumpID = pumpID
if startDate:
self.startdate = datetime.datetime(*time,strptime(startbate,
"/ %d /%Y BH:%M:%S')[0:6]1)

{1
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COMMENT: Next routines are I/ for reading and writing files specified in the options files
def print_modZobs_f1Te(seI§; filename):
'SPCFILE'
'CRDFILE'
'CRDFILE"
'"MEASFILE'
'MF2KFILE'

'1999'
ISI
'STDATE'
'STTIME'
'

'365°
"MODLFILE'
return

def print_obs2real_file(self, filename):
pass

def Toad_measured(self, filename):
"load 'true' field data” .
self.measured , self.wells = read_smp_file(filename)
return

def load_modeled(self, filename):
"load modeled observations”
self.modeled , self.wells = read smp_file(filename)
return

def Toad_coordinates(self, filename):
"load well coordinates'
self.well_coords , dummy = read_crd_file(filename)
return

QBSIREAL: calculates the difference in area benveen fo curves.
def compare_samples(self):

"calculate error metrics betwsen measured ('true') and modeled results”

for well in self.wells:
errorstack = []
ms = self.measured{well]
md = self.modeled[well]
JlastDate = self.startdate
lastMs = lastmd = 0.0
Tastresid = 0.0
sse = 0.0
cumarea = 0.0
cumbelta = 0.0

maxMeas = 0.0001
minMeas = 0.0000
maxmodeled = 0.0001
tMATMXMs = 1

tmAtMxmd = 1
for i in range(0,len(ms)):
(msTm,msv1) = ms[i]
{mdTm,mdv1) = md[i]
if msTm <> mdTm:
print 'files do not match!'
. _raise
if lastbate is None:
TastDate = msTm
diff = msTm - lastDate
delta = diff.days*60*60%24 + diff.seconds
if delta == 0.0: delta = 1.0
cumbelta = cumbelta + delta
if maxMeas is None or msvl > maxMeas:
maxMmeas = msv)
tMATMxMs = cumDelta
if minMeas is None or msvl < minMeas: minMeas = msvl
if maxModeled is None or mdvl > maxModeled:
maxmodeled=mdvl
tmAtMxMd = cumbDelta
resid = mdvl - msvl
if resid > 0 > TastResid or resid < 0 < lastResid:
s1Ms { msvl - lastMs ) / delta
smd { mdvl -~ lastmd ) / delta
midPt = ( lastMs - lastmd } / (s3T™md - sIMs)
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areal = abs(lastResid .5 * midpPt

) * 0
abs(resid) * 0.5 * ( delta - midPt )

area2
area = areal + area2
else:
areal = abs(lastResid) * delta * 0.5

area? = abs(resid) * delta * 0.5
area = areal + area2

lastbate = msTm

lastResid = resid

JastMs = msv]

JastMd = mdv1

errorStack.append( {resid, area,) )

s58 = residv*2 + sse

CumArea = cumArea + area
self.aveArea[well] = cumArea / cumDelta
self.residuals[well] = errorstack
self.areavals(well]l = cumaArea
salf.ssevals[Well] = sse
self.rmsevals[well] = math.sqrt({ sse / Ten{ms) } )
self.nrmsevals[well] = math.sqrt( sse / len{ms) ) / ( maxMeas - minMeas )
if tmAtMxms < cumDelta / 10: tmAtMxMs = cumbDelta
self.maxMeas[well] = { tmatMxMs, maxMeas,)
self.maxmod] [well] = { tmatMxmd, maxmodeled,)
pass

return

OBSIREAL: Assignes dara fion input files inio BEST formatted ohservations
def print_outfile(self, filename=None, b_singleGroup=False):
if b_singleGroup: self.b_singleGroup = True
"print only the modeled values and graph-error metrics for PEST"
if filename is None:
outfile = sys.stdout
else:
filename = filename +
try:
outfile = open(filename, 'w")
excepr IOErrar:
print 'cannot open', filename

.out

raise
for well in self.wells:
md = self.modeled[well]
for i in range(0,len(md)):
{mdTm,mdv1) = md[i]
print > outfile, mdvl
if not b_singleGroup: print >» outfile, self.aveAreal[well]
(tmMs ,msMx) = self.maxMeas[well]
{tmmd, mdMx} = self.maxmodl[well]
tmpiff = ( tmMd - tmMs ) / tmMs
) if not b_singleGroup: print => outfile, tmbiff
if filename is not None: outfile.close(D
return

INIT2PEST: Assignes dasa from tapui vahues inte PEST formatied observations
def assign_obs_graups(self, b_singleGroup=False J:
groups=[]
if b_singleGroup:
: groups.append(self.pumpIb.upper(})
else:
for well in self.walls:
mdGp = self.pumpID.upper() + well.upper{()
groups .append{mdGp)
return groups

INIT2PEST: Assignes data from inpuf vaives into PEST formatted vbservations
def assign_obs_data(self, b_singleGroup):

observed=[]

for well in self.wells:
md = self.measured[well]
## top0: Need to add in weighting options here
if b_singleGroup:

mdGp = self.pumpID.upper(}

mdwt = 2.00

else:
mdGp = self.pumpIo.upper(} + well.upper()
mdwt = 1.00

for i in range(0,len(md}):
(mdTm,mdv1) = md[i] .
mdid = '%-6.65_%-6.65..0%.2d" % ( self.pumpip.lower() , well,lower{) ,i )
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mdId = mdid.replace(’ ",'_")
observed append( (ded ndvl, mdwt, mda
geId = '%-6.65_%-6.65_err' % ( self. pumpID ?ower() , well.lower() )
geIld = geId replace(’ ','_")
gevl = 0.00
gewt = math.sqrt(len(mnd))

1f not b_singleGroup:

observed append( (geId gevl, gewt, mda
geld = '%-6.65_%-6.65_tim"' % ( se12 pumpID ?ower() , well.lower() >
geld = geld.replace(' ','_")
gevl = 0.00
gewt = math.sqrt(len{md)/2)

it not b_singleGroup:

ohserved. append( (gerd, gevl, gewt, mdGp,))
return ¢bserved

OBSIREAL: Prints the onfputs in g more readable format
def pr1nt summary_data(self, filename=None, append=False):
print sumamry error metrics for each observation well”
if filename is None;
outfile = sys.stdout
else:
try:
if append: outfile = open(f11ename ‘a")
else: outfile = open(filename, 'w")
except IQError:
print ‘cannot open*, filename
raise
if not append:
print >> outfile, '# Error Metrics Summary File’
print »>» putfile, '# Test_Name, SSE, RMSE, NRMSE, Err-aArea, Ave-Err, Measured_max,
Mode]ed_Max N, MeasMaxDdnat , ModIMaxDdnAat '
if self.b_ singleGroup:

for well in seif.wells:
md = self.modeled[Well]
n = len(md)
print >»> outfile, "%-20s %12.5e %12.5e %12.5e %12.5e %12.5e %12.5e %12.5e %3d %f
%F'%( '"'+self.pumpID+’-'+well+"" ",
self.ssevals[well], self.rmsevals[well],
self.nrmsevals[well],
self.areavals{well], self.avearea[welil],
self.maxMeas[well1][1], self. maxM0d1Ewe11}E1] n,
. . . self.maxMeas[well1] [0], self.maxMod][well][0] )
if filename is not Nonme: outfile.close()
return

OBS2REAL: Prints the outpits In ¢t more readable forma
def pr1nt full_data(self, filename=None):
print full datra for each measurement pair"
if filename #s Naone:
outfile = sys,stdout
else:
try:
outfile = open(filename, 'w’)
except IQError:
print 'cannot open’', filename
raise
print >> outfile, '# rFull output Listing File'

_print »>» outfile, '# point_Name, Date, Time, Meas, Modl, Resid, NormMeas, NormModl,
NormResid’

for well in self.wells:

md self_modeled[well]

ms self.measured[well]

for 1 in range(0,len(md)):
(msTm,msv1) = msii]
(mdTm,mdv1) = md{i]
max = self. maxMeas[We11}[1]
print >> outfile, '%-165 %-20s %12.5e %12.5e %12.5e ¥12.5e %12.5e %12.5e’

("' +self.pumpID+’ - " +well+'"Y, .
msTm, strfrime("%m/%d/%y %H:%M:%5'),
msv1,mdvl,mdvi-msvl,
msv1/max,mdv1/max,
(mdv1-msy1)/max )

print >» outfile,
print >> outfile, "'
outtile.close()
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return
ALL: The jollowing rousines are {70 rowtines used by all the wtilities. These rowtines were verified by comparing the expecited owlput to the ouipnr

that the vourines created. Further verification cames from the fact that PESNT and iis wtilities are syriox-crror intolgrant, and sould crash (and be
so indicated in the fops) if there were any errors,

R s S e

# Generic Read/write Routines

def

def

write_ins_file(filename, observations):
if filename is None: outfile = sys.stdout
else:
try:
outfile = open(filename, 'w')
except IQError:
print ‘cannot open', filename
raise
print >> outfile, 'pif *°'
for (geid, gevl, gewt, mdGp) in observations:

print >>outf1 e, "11 ! + gerd + '}
if filename is not wone: outfile.close()
return

write_ppt_tpl_file(filename, parameters):
if filename is None: outfile - sys.stdout
else:
try:
outfile = open{filename, 'w')
except IQError:
print 'cannot open', filename
raise
print >> outfile, 'ptf #'
for (pId,x,y.zn,v,vmin,vmax,fix,grp) in parameters:
print >>outF11e, "%s Xd #d %d #%_155#° %(pid,x,y,zn,pIld)
if filename is not None: outfile.close()
return

def write_ppt_init_file{filename, parameters):

def

def

def

if filename is None: outfile = sys.stdout
else:
try:
outfile = open(filename,'w")
except IOError:
print 'cannot open', filename
raise
for {pid,x,y,zn,v,vmin,vmax,fix,orp) in parameters:
print >>outF11e %s %d % %d  %15f' %(pId,x,y,zn,v)
if filename is not None: outfile.close()
return

write_r2m_tpl_file(filename, parameters):
if filename is None: outfile = sys.stdout
else;
try:
outfite = open(filename, 'w')
except IQError:
print 'cannot open'
raise
print >> outfile, "ptf #'
for (opt,val) in qarameters 1ter1tems()
print >>Qutfi '--Tropt+’="+str{val)
if filename is not None: outfile.close()
return

, filename

write_r2m_opt_file(filename, parameters):
if filename is None: outfile — sys.stdout
else:
try:
outfile = open(filename,’'w')
except ICError:
print 'cannot open’, filename
raise
for (opt,val) in parameters, 1ter1tems():
print >>outfile, '--'+opt+'="+str(val)
if filename is not None: outfile.close()
return

write_txt_file(filename, lines):
if filename is None: cutfile = sys.stdout
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else:
try:
outfile = open{filaname,'w')
except IQError:
print 'cannot open', filename
rajse
for line in lines:
print »>outfile, 1ine
if filename is not None: outfile.close()
return

def read_well_pairs{ filename }:
infile = open(filename, 'r')
adict =
for lipe in infile: )
(wl, w2} = line.strip().upper().split()
if wl in adict:
adict[wl] .append(w2)
else:
adict[wl] = [w2]
infile.close()
return adict

def read _smp_file(filename);
"read a PEST groundwater utilities Bore Sample File"
adict =
wells =
Thiswell = None
try:
infile = open(filename,'r")
except IQError:
print 'cannct open', filename
raise
else:
ass
for line in infile:
line = line.strip()
(we'l'l Date, Time, Meas) = line.split()
well We11 upper()
MDate = datetime.datetime(*time. 5trpt1me(Date + '+
) '%m/%d /%Y %H: %M %S J[0:6])
if Thiswell <> well:
data = []
Thiswell = well
wells.append(well)
data.append( (MDate, float(Meas),) )
- adict[well] = data
infite.close()
return adict, wells

def read_mf2k({ filename ):
"read a formatted MODFLOW data file"
ct =0
dara = []
try:
infile = open(filename,'r")
except IQError:
print ‘cannot open', filename
raise
for line in infile:
vals = str. sp11t(11ne strip()
for val in vals
data. append(f1oat(va1))
ct =ct + 1
infile.close()
return data

def read_geoeas{ filename , inspecs=None):
"read a GEO-EAS simplified data file"
data = []
try:
infile = open(filename,'r")
except IQError:
print 'cannot open', filename

raise
header = infile.readline(}.strip()
specs = infile.readline(}. str1p() split(d
colHeader=[]
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def

ncols = specs[0]

del specs[0]

if len(specs) > 8:
(nx,ny,nz,x0,y0,z0,dx,dy,dz)=specs[0:9]

nx = int{nx}

ny = intlny)

nz = int(nz)

%0 = float(xQ)

y0 = float(y0)

z0 = float(z0)

dx = flpat{dx)

dy = float{dy)

dz = float(dz)

y0 = y0 + (ny-1) * dy

elif inspecs is hot None:
: (nx,ny,nz,x0,y0,20,dx,dy,dz)=1nspecs{0:9]
else!
¢nx,ny,nz,x0,y0,z0,dx,dy,dz)=(0,1,1,0.,0.,0.,1.,1.,1.)
for i in range(O 1nt(nco]s))
colHeader. append(1nf11e readline().strip())
nade = Q
nbata = nx * ny
data = [0]*nData
for line in infile:
thisLine = line.strip(}.split()
x = float(thisLine[0])
del thisLine[0]
y = float{thisLine[0])
del thisLine[0Q]
z = float(thisLine{0])
del thisLine[Q]
vals = float(thisLine[0])
if nx <> O:
1 = 1nt(( x - x0 ) / dx)
jo=dint(( y0 -y ) / dy)
node = i + j * nx
datalnode] = vals
else:
node = node + 1
datalnode] = vals
infile.close()
return data

read_spc_file(filename):
"read in a PEST Gw utilities Grid specification File"

try:

infile = open(filename,'r"')
except IOErrar:

print ‘cannot open’, filename

raise
(ny,nx)=infile.readline() .strip().s 11t()
(x0,y0,z0)=infile. read11ne() strip{ g11t()
(nx, dx) = infile, read}line().strip(). sp 1t('*‘
(ny,dy) = infile.readline().strip().sptit('*")
1nf11e close()

pecs = (int{nx),int(ny),1, fToat(x0)+f1oat(gx)/2 .0, float(y0) -

F]oat(dy)/Z 0, F1oat(zO) f10at(dx} float(dy),1.0

def

return specs

read_crd_file(filename):
"read a PEST groundwater utilities Bore Coordinates File”
adict }

[]

wells
try:
infile = open{filename,'r')
except IOError:
print ‘canmot open', filename
raise
for Tine in infile:
vals = str.split(line.strip())
wellID = vals[0].upper()

#o

X = f1oat(va1s[1])
y = float{vals[2])
z z f10at(va1s[3])
cr

wells. append(we1TID)
. _.adict[wellID] = c¢rd
infile.close()
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def

def

def

return adict, wells

read_pts_list(filename):
"read a _set of points locations (ignoring their names or values)"
data = []
try:
infile = open(filename,'r')
except IOError:
print ‘cannot open', filename
raise
for 1ine in infile:
vals = str.split(Tine.strip(})
(x,y) = vals[1:3]
. _.data.append( (float(x),float(yd,) )
infile.close()
return data

read_pts_vals(filename):
"read a set of points locations (ignoring their names)”
data = []
try: .
infile = open(filename,'r')
except IOError:
print 'cannot open’', filename
raise
for 1ine in infile:
vals = str.split(line.strip(})
(,y,2,v) = vals[1l:5]
data.append( (float(x),float(y),float(z),float(v},) )
infile.close()
return data

read_pumping{ filename=None ): .
"read a PEST groundwater utilities Bore Pumping file"
try:
infile = open(filename,'r')
except IQError:
print 'cannot open', filename
raise
else:
pass
TastPump = None
pumpList = []
startpates = {}
for line in infile: . )
(pumplD, datel, timel, datez, time2, volume) = line.split()
pumpID = pumpIC.upper()
if pumpID <> lastPump:
startDate = datel + ' ' + timel
pumpList.append(pumpIn)
startbates[pumpIiD] = Startbate
lastPump = pumpID
infile.close()
return startbates, pumpList
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G.5 Recalibration and Analysis Codes

G.5.1 Listing - CVS://Tfields::Inputs/scripts/fix_snl8.sh
This script fixes all points outside the area of interest {see Figure 4-3} and then recreates the PEST
control file.

#! /bin/bash
FIELD=31

X_W=616000
Y_5=3580000
X_E=630000
Y_H=3589000

PARAMS="A T R 5"
for P in $PARAMS
do
ep -v -1 "f" modeled_final_points_3${P}.dat | awk -v X1=8x_W -v Y1=3%v_S -v X2=3X_E ~-v Y2=fv_N
;{ 1f ( x1>32 || v1=%3 || x2<$2 1| Y2<%33 ) printf("%s\tfix_param\t%f\tremove_prior\n",$1,20+%5);

,arep -1 ${P}_shift ${FIELD} last.pst | awk '{printf{"%s\tfix_param\t¥%s\tremove_prior\n",$1,54);

done> paramfix_pgints.in
./parrep.exe ${FIELD]} last.par ${FIELD}_init.pst ${FIELD}_update.pst
./paramfix,exe paramfix_points.in ${FIELD} update.pst ${FIELD}_init.pst
mv S{FIELD} new.pst ${FIELD}_init.pst
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G.5.2 Listing - CVS://Tfields::Inputs/scripts/run_dtrkmf.sh
This script checks out the fields from the Outputs directory, then runs DTRKMF on the budget file. The
output files are renamed with the field 1D {r???) in the prefix, so they can be stored in a single directory.

#!/bin/bash

FILES= cat $1°
for File in SFILES

o
FID=S{File##*/}
cvs -d $CVSROOT co -p Outputs/3{File}/modeled_K_Tfield.mod
cvs -d $CVSROOT co -p Outputs/${File}/modeled_a_Tield.mod 1
cvs -d $CVSROOT co -p Qutputs/${File}/modeled_s_field.mod ${FID}_s_field.mod
cvs -d $CVSROOT co -p Qutputs/${File} /modeled_rR_field.mod > ${FID}_R_field.mod
cvs -d SCYSROOT c¢o -p -kb Qutputs/${File}/modeled_flow.bud > ${FID}_flow.bud
In -f alev_top.mod fort.33
In -f elev_bot.mod fort.34
JJdtrkmf.exe dtckmf_wipplwb.inp ${FID}_flow.bud 3{FID}_travel_Lwe. dat debug.out
d Jdtrkmf.exe dtrkmf_domain.inp ${FID}_flow,bud ${FID}_travei_domain.dat debug.out
one

${FID}_K_Tield.mod
${FID}_a_Tield.mod

¥ ¥V V¥V
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G.6 Configuration Files
The configuration files used as input to INIT2PEST are provided here for canvenience.

G.6.1 Configuration - CVS://Tfields:: Inputs/config/spec_setup.in

--ohservations-options-file=spec_observations.in

--parameter-options-file=T spec_points_T.in
--parameter-options-file=S spec_points_5.in
~~parameter-options-file=A spec_points_A.in
--parameter-options-file=R spec_points_R.in

--pilotpoints-filename-format=modeled. points. %(param)s.dat
--factors-filename-format=modeled_factors_points_%{param)s.bin
--initial-values-field-filename-format=modeled_init_points_%(param)s.mod
--kriged-parameter-field-filename-format=modeled_points_%{param)s.mod
--finai-parameter-field-filename-format=modeled_%(param)s_field.mod
--flow-field-filename-format=modeled_flow.bin
--modflow-output-filename-format=modeled_%{test)}s.bin
--modeled-samples-filename-format=modeled_%(test)s.smp
--measured-samples-filename-format=meas_%(test)s.smp .
-~command-redirect-filename-format=%(prog)s_points_%(param)s.in

--num-s]aves=6
--mode]-command=. /model.sh




AP-114 Task 7 Report
Configuration - CVS://Tfields::Inputs/config/spec_observations.in Page 167 of 187

G.6.2 Configuration - CVS://THelds::Inputs/config/spec_observations.in

--steady-state-test=head .
--pumping-test-file=spec_pumping.dat
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G.6.3 Configuration - CVS://Tfields::Inputs/config/spec_points_T.in

--grid-specification-file=spec_domain.spc
--well-coordinates-file=spec_Tlocs.crd

--number-of-zones=5
--spatial-variable-file=elev_overburden.geo
--fixed-points-data-file=fixed_points_T.ppt
--search-distance=500.0
--pilot-point-grid-spacing=2000.0
--connect-wells-filexspec_connect_T.1st
--max-value=-1

--min-value=-19

--zone-initial-value-eqn=0 -3.48357e-3 -3.63224

-~zone-indicator-file=1 %(case)scoord.map
--zone-indigator-file=1 zone_halitemargins.geo
--zone-initial-value-eqn=1 -3.48357e-3 -5.69805

--zone-indicator-file=2 zone_dissolution.geo
--zone-initial-value-eqn=2 -3.48357e-3 -2.94635

--zone-indicator-file=3 zone_halite.geo
--zone-initial-value~eqn=3 -3,48357e-3 -10.449
--no-fixed-in-zone=3

--no-wells-in-zone=3

--no-grids-in-zone=3

--zone-indicator-file=4 zone_noflow.geo
--zone-initial-value-egn=4 0.00 -25
--no-fixed-in-zone=4
--no-wells-in-zone=4
--no-grids-in-zone=4

--output-zone-file=modeled_zones_points_T.inf
--output-initial-value-field=modeled_init_points_T.mod
--output-pilot-point-tpl-file=modeled_points_T.tpl
--output-pilot-point-file=modeled_points_T.dat

~--ppk2fac-file=ppk2fac_points_T.in .
--kriging-factors-file=modeled_factors_points_T.bin
--kriging-structure~file=spec_variogram.str
--variogram-model=culebra

--variogram-search=9500.

~-~-fac2real-file=fac2real_points_T.1in
--kriged-values-file=modeled_points_T.mod
--nan-value-mask=-999

--realZmod-file=real2mod_points_T.1in
--real2mod-scale-down=7.75
--real2mod-transform=powl0
--modflow-input-file=modeled_k_field.mod
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G.6.4 Configuration - CVS://Tfields::Inputs/config/spec_points_S.in

--grid-specification-file=spec_domain.spc
~=wel1-coordinates-file=spec_wells.crd

--number-of-zones=5

--search-distance=500.0
-~-fixed-points-data-file=fixed_points_s.ppt
--pilot-point~grid-spacing=2000.0
--connect-wells-file=spec_connect_s.1st
--max-value=-0.5

--min-value=-6

--zone-initial-value-eqn=0 ¢ -5.0
--zone-max-value=0 -4.5
--zone-min-value=0 -5.5
--no-grids-in-zone=0

--zone-indicator-file=1 zone_transition.geo
--zone-initial-value-eqn=1 0 -4.0
--no-wells-in-zone=1

--no-fixed-in-zone=1

~--zone-max-value=1l -0.5

--zone-min-value=1l -6

--zone-indicator-file=2 zone_unconfined.geo
--zone-initial-value-eqn=2 0 -1.5
--zone-max-value=2 -0.5

--zone-min-value=2 -2.5
--no-wells-in-zone=2

--no-fixed-in-zone=2

--zone-indicator-file=3 zone_halite.geo
--zone~-initial-value-eqn=3 0 -5.0
--no-fixed-in-zone=3
--no-wells-in-zone=3
--no-grids-in-zone=3

--zone-indicator-file=4 zone_noflow.geo
~-zone-indicator-value=4 1
--zone-initial-value-eqn=4 0 -25.0
--no-fixed-in-zone=4
--no-wells-in-zone=4
--no-grids-in-zone=4

--kriging-structure-file=spec_variogram.str
--variogram-model=culebra
--variogram-search=2000.
--nan-value-mask=-999

--real2mod-scale-down=7.75
--real2mod-transform=powl(
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G.6.5 Configuration - CVS://Tfields::Inputs/config/spec_points_A.in

--grid-specification-file=spec_domain.spc
--well-coordinates-file=spec_locs.crd

--number-of-zones=5

--search-distance=750.0
--pi1ot—point—gr1d—spac1n?=3000.0
-~fixed-points-data-file=fixed_points_A.ppt
--connect-wells-file=spec_connect_A. st
--max-value=0_5

--min-value=-0.5

--zone-initial-value-eqn=0 O 0.0
--no-fixed-in-zone=0

--zone-indicator-file=1 %(case)scoord.map
--zone-indicator-file=1 zone_halitemargins.geo
--zone-indicator-value=l 1
--zone-initial-value-egn=1 ¢ 0.0
--no-fixed-in-zone=1

--zone-indicator-file=2 zone_dissolution.geo
--zone-indicator-value=2 1
--zone-initial-value-eqn=2 0 0.0
--no-fixed-in-zone=2

--no-wells-in-zone=2

--zone-indicator-file=3 zone_halite.geo
--zone-indicator-value=3 1
--zone-initial-value-eqn=3 0 0.0
--no-fixed-in-zgne=3
--no-wells-in-zone=3
--no-grids-in-zone=3

--zone-indicator-file=4 zone_noflow.geo
--zone-indicator-value=4 1
--zone-initial-value~eqn=4 0 -25.0
--no-fixed-in-zone=4
--no-grids-in-zone=4
--no-wells-in-zone=4

--output-zone-file=mecdeled_zcnes_points_A.inf
--output-initial-value-field=modeled_init_points_A.mod
--output-pilot-point-tpl-file=modeled_points_a.tpl
--output-pilot-point-file=modeled_points_a.dat

——Ekafac—fiTe=ppk2fac_points_A.in
--kriging-factors-file=modeled_factors_points_a.hin
--kriging-structure-file=spec_variogram.str
--variogram-model=culebra

--variogram-search=5000

-~facZreal-file=facireal_points_A.in
--kriged-values-file=modeled_points_A.mod
--nan-value-mask=-999

--real2mod-transform=powl0
--realZmod-file=real2mod_points_A.in
--modflow-input-file=modeled_a_field.mod
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G.6.6 Configuration - CVS://Tfields::Inputs/config/spec_points_R.in

--grid-specification-file=spec_domain.spc
--well-coordinates-file=spec_recharge.crd
--number-of-zones=2
--output-zone-file=modeled_zones_points_R.inf
--fixed-points-data-filesfixed_points_R.ppt
--output-initial-value-field=modeled_init_points_R.mod
-~search-distance=4000.0
--pilot-point-grid-spacing=7000.0
--connect-wells-file=spec_connect_R.1st
~-output-pilot-point-tpl-file=modeled_points_R.tpl
——outeut—p11ot—po1nt—f11e=mode1ed_pnints_R.dat
--teal2mod-file=real2mod_points_R.in
--ppk2fac-file=ppk2fac_points_R.in
--fac2real-file=fac2real_points_R.in .
--kriging-factors-file=modeled_factors_points_R.bin
——kriged—va1ues—f11e=m0de1ed_points_R.mod
-=modflow-input-file=modeled_R_field.mod
--nan-value-mask=-999 )
--kriging-structure-file=spec_variogram.str
--variogram-modeli=culebra

--variogram-search=9500

--max-value=-1

--min-value=-19

--zone-indicator-file=1 zone_recharge.geo
--zone-indicator-value=1 1
--zone-initial-value-eqn=0 0 -30.0
--zone-initial-value-eqn=1 0 -11.0
--no-fixed-in-zone=0

--no-grids-in-zone=0

~=no-grids-in-zone=1

--no-wells-in-zone=0

--real2mod-transform=powl0




AP-114 Task 7 Report
Listing -~ CVS://Tfields::RunControl/RunFieldID.sh Page 172 of 187

G.7 Run Control Files

G.7.1 Listing - CVS://Tfields::RunControl /RunFieldID.sh
This script checks out the appropriate template file, replaces TFNUM with the field ID, then executes
RunReadScript on the resulting file.

#1/bin/bash
FIELDID=$1
export PATH=$PATH:$CVSLIB/bin
[ -z "$FIELDID" ] && {
brealk;

FIELDIP=3{FIELDID/coord/}
FIELDID=${FIELDID/r/}
FIELDID=r${FIELDID}

HOST="hosthname -5

HOSTID=
[ 3HOST == "alice” ] && { HOSTID="alice™; }

[ $HOST == "ds105" ] && { HOSTID="tethK5"; }
[ $HOST == "tethys" ] && { HOSTID="tethys"; }
[ -z "§HOSTID" ] && {

eche "Errar: unrecognized host ID %HOST"
exit 1

# Check out the apprepriate template file . .
cvs -d :ext:alice,sandia.gov:/nfs/data/CvsLIB/Tfields co -p RunControl/tfield_tpl_${HOSTID}.inp >
tfield_tp1_3${HOSTID}.inp

# Make the Rrunm directory
mkdir $FIELDID

# Update the Tfield ID name )
cat tfield_tpl1_${HoSTID}.inp | sed -e "s/TFNUM/$FIELDID/" > $FIELDID/$FIELDID.inp

# Run the calibration

cd SFIELDID . i

nghup RunReadsScript $FIELDID.inp > $FIELDID.nohup &
cd ..
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G.7.2 Listing - UpdateField.sh
This script checks cut the update template file, replaces TFNUM with the field ID, then executes
RunReadScript on the resulting file.

#1/bin/bash
FIELDID=$1
export PATH=3PATH:S$CVSLIB/bin
[ -z "$FIELDID" ] && {
break;

FIELDID=${FIELDID/coord/}

FIELDID=S${FIELDID/r/}

FIELDID=r${FIELDID}

HOST="hostname -s

HOSTID=

[ $HOST == "alice" ] && { HOSTID="alice"; }

#[{ $HOST == "ds105" ] && { HOSTID="tethys": }
#{ $HOST == "tethys" ] && { HOSTID="tethys"; }

[ -z "3HOSTID" ] && { .
echo "Error: unrecognized host ID %HOST" .
echo " vou MUST rum this particular run-control script om ALICE"
exit 1

# Check out the appropriate template file . .
cvs -d :ext:alice.sandia.gov:/nfs/data/cvsLIB/Tfields co -p RunControl/update_tpl_${HOSTID}.inp >
update_tpl_${HOSTID}.inp

# Make the Run directory
mkdir $FIELDID

# Update the Tfield ID name .
cat update_tpl_${HOSTID}.inp | sed -e "s/TFNUM/SFIELDID/" > $FIELDID/update_$FIELDID.inp

# Run the calibration

cd $FIELDID . .

nghup RunReadscript update_$FIELDID.inp > SFIELDID.nohup &
cd ..
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Appendix H: Run Control Details

The calibration and travel time caiculations were executed by the run master {(Marissa Reno, 06733) on
the ALICE and TETHYS Linux clusters, as described in Section 2 of this document. The following sections
of this appendix provide more detailed structure and process listings regarding the run control process.

H.1 CVS Repository Directory Structure

The CVS repositary is organized with the goal of segregating the different pieces into larger directories.
Run control inputs, scripts, and log files are all contained under the “RunControl” module. All static
inputs, including scripts and configuration data, are contained under the “Inputs” module. AH auto-
generated outputs from the calibration process are contained under the “Outputs” module. The results
of the transport calculations and copies of the final fields are stored in the “Resufts” module. Files
relating to this analysis report, or which were used pre-calibration are stored in the “Analysis” module.

Access control was done using standard Unix user/group permissions, but, primarily, CVS' logging
features, which track who made what changes to each file, and what those changes were, were used to
ensure that proper control was maintained.

CVSRQOT
cvs:{/Thields
e
f : T T T X 1
Inputs . RunControl Outputs Results 1 ’ Analysis
‘ ‘

_ I X I L . 1 | )
= data LogFiles r72? Update Update2 l = tracks =  Report ’
~  config alice (227 r222 budget r DataFiles ’

J . ] :

modflow tethys

s_fields = MATLAB

-’ scripls = A_fields

r———————"

K_fields

R_fields

Figure H-1. Layout of the CVS://Tfields repository.
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H.2 Executables Used
The following executables and scripts were used during this analysis.

Table H-1. Executables used and scripts qualified under NP 9-1 Appendix C.

Code Ver | Executable CVS Module Qualified
PEST 9.11 | pest.exe CVS://PEST::Builds/Linux Under NP 19-1
PEST 9,11 | ppest.exe CVS://PEST::Builds/Linux Under NP 19-1
PEST 9.11 | pslave.exe CVS://PEST::Builds/Linux Under NP 19-1
PEST 9.11 | parrep.exe CV5://PEST::Builds/Linux Under NP 19-1
PEST 9,11 | parcalc.exe CVS://PEST::Builds/Linux Under NP 19-1
PEST 9.11 | svdaprep.exe CVS://PEST::Builds/Linux Under NP 19-1
PEST 9.11 | tempchek.exe CVS://PEST::Builds/Linux Under NP 19-1
PEST 9.11 | facZreal.exe CVS://PEST::Builds/Linux Under NP 19-1
PEST 9.11 | ppk2fac.exe CVS://PEST::Builds/Linux Under NP 19-1
PEST 9.11 | modZobs.exe CVS.//PEST::Builds/Linux Under NP 19-1
MODFLOWZK 1.60 | mf2k_1.6.release CvS://MODFLOW?2K::hin/mf2k Under NP 19-1
DTRKMF 1.00 | dtrkmf_v0100 CVS://MODFLOW2K::bin/dtrkmf | Under NP 19-1
SETUP N/A | setup.sh CVS://Tfields::Inputs/scripts See G.1.1
INITZPEST N/A | init2pest.py CVS://Tfields::Inputs/scripts See G.1.2, G.4.1
MODEL N/A | model.sh CVS://Tfields::Inputs/scripts See G.3.1
OBS2REAL N/A | obs2real.py Cvs://Thields::Inputs/scripts See 5.3.3, G.4.1
REALZMOD N/A | real2Zmod.py CVS://Tfields::Inputs/scripts See G.3.2, G.4.1
RUNPEST N/A | runpest.sh CVS://Tfields::Inputs/scripts See G.2.1
PEST_MASTER | N/A | template_pmaster.sh | CVS://Tfields::Inputs/scripts See G.2.3
PEST_SLAVE N/A | template_psiave.sh | CVS://Tfields::Inputs/scripts See G.2.2

H.3 Run Control input and Log Files
The files listed in Table H-2 are present in the “RunControl” module, Please check these files out from
CVS if a full listing is desired.

Table H-2. Run control input files, scripts, and log files

File under CV5://Tfields::RunControl
tfield_tpl_alice.inp

tfield_tpl_tethys.inp
update_tpl_alice.inp

Brief Description

The input file for calibrations run on ALICE

The input file for calibrations run on TETHYS

The input file for the 150 fields that required updated heads
The input file to run continued calibration after update
The transport calculation input file for the first 100 fields
The transport calculation input file for the remaining fields
The raw RunReadScript log file for a calibration run

The RunReadScript output file for a calibration run on alice
The RunReadScript output file for an update run on alice
The RunReadScript output file for a continued update run

reupdate_tpl_alice.inp
tfield_dtrkmf.qinp
tHield_drrkmf2.inp
LogFiles/*/*.lTog
togFiles/alice/r???.rif
LogFiles/alice/update r??7. rf
LogFiies/alice/reupdate_r?77.rtf
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File under CVS://Tieids::RunControl

Brief Description

LogFiles/tethys/r??? . rtf

The RunReadScript output file for a calibration run on Tethys

LogFiles/*/r???coords.o*.?

The PEST_SLAVE output file generated by the queue system

LogFiTes/*/r#?7coordM. o*

The PEST_MASTER output file generated by the queue sys,

LogFites/alice/tfield_dtrkmf* . rtf

The travel time calculation log files

RunFieldIn. sh

The script to run a calibration

UpdateField.sh

The script to update a calibration

ReupdateField. sh

The script to continue the update of a calibration

LogFiles/alice/finalize*.*

These were scripts run initially to correct some of the file
check-in errors seen in the r??2.rtf log files. However, it was
determined thot the file errors were for intermediate files or
duplicate files, ond so this was stopped after 29 fields.

H.4 Calibration Process

The calibration process involved the run master using the “RunFieldiD.sh” script to launch a calibration.
For the purposes of all examples, field “r207” will be used as an exampie ID.

» ./RunFieldip.sh rz07

This script checks out the template file based on the current host (alice or tethys) and then replaces the
“TFNUM" variable with “r207”. The resulting input file is then faunched using RunReadScript. The
following is an excerpt from the r207.rtf log file, showing the command execution by RunReadScript
(items in blue are captured console output, italics are comments by RunReadSCript, remaining are

commands issued in the input file):

Excerpt from CVS://Tfields::RunControl/LogFiles/alice /r207.rtf

COMMAND

Executer

COMMAND

Exgcutear

COMMAND

Execute!

COMMAND

Exacute.r

COMMAND
Execute
COMMAND
Execute
COMMAND
Execute

mv - mf2k_1.6.release mf2k.exae
mv -f mf2k_1.6.release mf2k.exe
mv -f dirkmf_v0100 dtrkmf.exe
mv - dtrkmf_v0100 dtrikmf. exe
echo $TESTNAM > ReadMe
echa r207 > ReadMe
echo Started >»> ReadMe
echo Started >> ReadMe
date »> ReadMme
;. date >» ReadMe
haostname >> ReadMe
r hostname >> ReadMe
./setup.sh $TESTNAM | tee -a Readme
: . Ssetup.sh r207 | tee -a Readme

Processing ohservation data

Reading from "spec_chservations.in”
For test id EEAC
hdded 44 chservations= in 1 groups

saved observaticn instruction file

to:

For test id I3
Added 77 observalions in 4 groups

saved observation instruction file
For test

to;
id WIPF13

Added 185 okservations in 9 groups

saved cbservation instruction file to:

Far test id H1L1

nodelad head.ins

modeled h3.ins

medeed_wippll.ins
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Added 150 observations ir 10 groups
saved observacion instructien fila Lo: modeled_nll.ins
For test zd ®l4
added %2 observations in 5 groups
saved observation instruction flle to: modeled plid.ins
Tor tesc id H19
Added 137 obkserwvations in 7 groups
saved cbservation instruction file to: modeled hl9.ins
For test id W{s21
Added 4C cbservations in 2 groups
gaved observalion instruction file to: medeled wqspl.ins
For tast id WRSEZ2
Added 85 chservaticna in 4 groups
saved cbservation instructicn file zo: modeled wgspZ.ins
For test id WIPPll
hdded Z74 observations in 12 groups
saved gpservation instrucricn fils to: medeled wippll.ins
For test id SWLL14
Addad 276 chservations in 12 croups
saved cobservaticn instruction file to: modeled snll4.ins
For the carameter 7:
Reading from "spec points T.in"
5 zones defireq for parametar T

reading rZ07coord.mag == 1 Zor zone id 1
reading zone_halitemargins.gen == 1 for zone id 1
reading zons_dissolution.gee == 1 for zons id 2

reading u:

12_halite.geo == 1 for zon= id 3
reading zone_noflow.geo ~— 1 for zone id 4
saved zone field to: wodeled zones_pcints T.inf
Creating initial walues field Eor parameter T
Zore 0 assigned 12747 cells with an average value of -4£.350127893E2
Zone 1 assigred 27431 cells with an average value of —-€.65817460€¢72
Zone 2 assigned 18533 cells with an averages value of —3.32268627924
Yone 3 assigned 21253 cells with an averags value of -11.85078%94806
Zone 4 assigned 7218 cells with an average walue of -29%.0
seved initial valves field to: modeled_init points T.mod
Creating pilcot points Zor parameter 1
Assigned 225 wvariable and 8 fiwsd pilo: points to zons O
Assigned 235 wariable ard 32 fixed pilot points to zone 1
Agsigned 91 wvarignle and 11 fixed pilot points to zone 2
Assigned 0 variable and 0 fixed pilet pcints to zone 3
Assigned 0 variable and 0 fixed pilot peoints to zone 4
saved pilot points template file to: modeled points_r.twl
saved initial pilot points data to: modeled peoints T.dat
Creating groundwater-utility orogram input-redirecticn files
saved BEALZMOD template file fto: rezlimod points T.upl
savad REALZMOD irput file to: reallZmed points T.:ir
saved FACZREAL irput file to: faclZreal points T.:in
saved PPRZFAC input file Le: ppk2fac_peints T.in
saved initial pilet peinzs summary tc: medeled inil points T.lex
For the paramezer 3:
Reading from “epec points 5. 1in"
3 zones defined for parameter §

reading zone transition,geo == 1 for zone id 1
reading zene unconfined.geo =— 1 for zone id 2
reading zone halite.gec == 1 For zone id 3
reading zore noflow.gec == 1 for zone id 4

saved zone field to: modeled zones points 5.ins
Creating initial values field for parameter §

Zone U assigned 32680 cells with az average value of -5.0

Zone 1 aszsigned 8031 cells with an average value of -4.0

Zone 2 assigned 100068 cells with an average value of -1.5

cone 3 assigned 21253 cells with an average values of =3.6

Zone 4 ases 5.0
o

rned 7218 cells with an average value of -2
saved initial values fisld teo: nodeled_init points 8.m
Creating pilot points for parameler 3

Asazigned 199 variable and 79 fixed pilot points to zone O
Assigned 36 wvariable and 0 fixed pilet peints to zone 1
Assigned 39 wvariable and O lized pilot points to zcne 2
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Assigned 0 wvariaple and 0 ed pilot points to zone 3
Assigned 0 vacriaple and 0O ad pilot points to zone {4
gsaved pilct points templats file to: meodeled points S.tpl
saved initial vilot pocints data to: modeled_Eoints”S.dat
Creating groundwater-utility program input-redirection files
saved RERLZMOD template file to: realZmod points S.tpl
saved RERLZMOD input file fo: realZmod points_S.in
saved FACZREAL input file to; faclZreal points §.in
saved FPKZFAC input file to: ppix2fac points S.in
saved lnitial pilot peints summary to: modeled ini:t points 8.tex
Por the paraneter aA: i
Beading from "spec_points_A.in"
5 zones defined for parameter A
reading r2C7ceord.map == 1 for zone id 1
reading zene aalitemargins.geo == 1 for zons id 1
reading zone dissolution.gec == 1 for zone id 2
reading zcne_nalite.geo == 1 for zons id 3
reading zone noflow.geo == 1 for zons id 4
zzved zone field to: modeled zones points A.inf
Crealbing initial wvaluves field for oarawmeter 2
Zone { assigned 12747 cells with an average values of
7one 1 assigned 27431 cells with an average value of
Zone 2 assigned 18529 cells with an average wvalue of
ki
4

[ el s B ]
O o o O

rote assigned 21253 cells with an average wvalue of
rone assigned 7218 cells with an average value of -25.0
saved initial values field to: modeled init points A.mod
Creating pilot points for parameter A
assigned 135 variable and 0 fixed pilot points =o zones 0
Lssigned 152 variable and 0 fixed pilot points to zona 1
Zszsigned 30 variables and 0 fixed pilot points Lo zons 2
Assigred 0 variable and 0 fized pilot points to zone 3
Assigrned 0 variable and 0 fixed pilot points to zone 4
saved pilot points templabte file to: modeled points A tpl
saved initial pilol points data to: modeled points A.dat
Creating groundwater-utility program inpit-redirection files
zaved REALIMOD tenplate file zZo: reallmod points A.tpl
saved REALZMOD input file te: realZmed points A.in
zaved FACZREAL input file to: faclZreal peoints A.in
zaved PPKZPAC input file to: ppkZfac péin:s_A‘in
saved initial pilot points summarcy to: moceled init points B.tex
For the parameter R:
Reading from “spec points R,in"
2 zopnes defined for parameter R
reading zone recharge.geo == 1 for zcone id 1
saved zone field to: modeled_zones points R.inf
Creating initial values field for parameter R
Zone 0 assigned 86375 cells with an average value of -30.0
Zone 1 assigned 213 cells with an average value of -11.0
saved initial values field te: modeled _init _points R.mod
Creating pilet points for parameter R
Assigned 0 variable and 0 fixed pilet points to zone O
Assigned 3 variable and 1 fixed pilet poirts fo zone 1
gaved pilot polints template £ile to: modeled peints R.tpl
saved initial pilet points data Zo: modeled poinks R.dat
Creating groundwatsr-utility program input-redirection files
saved REALZMOD template file to: realZmed points R.tpl
saved REALZMOD input file to: reallZmod points_R.in
saved FACZREAL input file to; faclreal points R.in
saved PPKZFAC Input file to: ppk2fac_points R.in
saved initial pilot points summary to: wodeled init _points R.tex
saved PEST control file to: r207 init.pst
saved PEST control file to: r207 once.pst
gzaved PEST run management file: r207 init.rmf
saved FEST run management file: r207_svda.rmf
cp: cannet stat “dtrkmf manypts.inp': No such file or directory
cp: cannot stat “dirkmf tracks.inp': Ko such file or directory
Copied files to slavel
cp: cannot stat ‘dbtrkmf _manypts.iap': No such file or directory
cp: cannot stat “dirkmf tracks.inp': Wo such file or directory
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Copied files to slave?
cp: cannot stat “dbrkmf maovpls.inp': Mo such file or directory

cp: cannot stat “debrkmf tracks.inp': No such file or directory
Copied files Lo slaved
co: cannot stat “dtrkmf aosnyptas.inp': Mo such file or directory

co: cannol stat “dtrkmf tracks.inp': No such file or directory

Copied files to slaved

Cw: cannot stat “dbrknf manypts.inp': Mo such file or directory
Coiocannct stat ‘dtrkmf tracks.ing': Ne such file or directory

Copied files to slaves

ap: cannot stat “derkmf manyots.inp’: Yo such file or directory
cpr cannct stat “dtrkmf tracks.inp': No such file or directory

Copied flles to slaves

COMMAND . /runpest.sh $TESTNAM &

Execute: ./ runpest.sh r207 6

Starting in 3 . 2 . 1 . done!

Your Job 1247.2-6:1 ("r207cocrd$”) has been submitted.

Your Jjob 1243 ["r207coordM"} has been submitled.

Job 1243 exited with exit cede C.

The job r207ceord$ of user{s) mdrene does not exist

COMMAND echo Finished >> Readme

Execute: acho Finished >> ReadMe

COMMAND date »> ReadMe

Exécute; date >> Readve

The last section of blue text, it shows that the job “r207coordS” was submitted as job 1247.2-6. The files
CVS://Tfields::RunControl/LogFiles/alice/r207coordS.01247.* are the console logs from the PEST_SLAVE
jobs. The file CVS://Tfields::RunControl/LogFiles/alice/r207coordM.01248 is the PEST_MASTER log file.
Each run-control log file will contain the job number of the queued jobs which allows the user to find the
full {og of the PEST commands. The line “Job 1248 exited with exit code 0.” indicates that the calibration
was able to run and complete successfully. A non-zero exit code indicates an error.

H.5 Update Calibration Process

The update calibration process was done in the same manner as the original calibration, but a different
script was used (“UpdateField.sh”) in order to select the update_tpl alice.inp input file. The following is
a selection from the “update_r207.rtf" log file.

COMMAND mv -f mf2k_1.6.release mf2k.exe
Execute: mv -F mf2k_1.6.release mf2k.exe
COMMAND mv -f dtrkmf_v0100 dtrkmf.exe
Executea: mv -f dtrkmf_v0100 dtrkmf.exe
COMMAND mv modeled_points_T.dat modeled_final_points_T.dat
Execute: mv modeled_points_T.dat modeled_final_points_T.dat
COMMAND mv modeled_points_A.dat modeled, final_points_A.dat
Execute: mv modeled points_A.dat modeled_final_points_A.dat
COMMAND mv modeled_points_R.dat modeled_final_points_R.dat
Execute: mv modeled_points, R.dat modeled final_points_R.dat
COMMAND mv modeled_points_S.dat modeled_final_points_s.dat
Execute: mv modeled_points_5.dat modeled final_points_s.dat
COMMAND echgo $TESTNAM > ReadMe
Execute: acho r207 > ReaaMe
COMMAND echo Started »>> ReadMe
Execute: echo Started >> ReadMe
COMMAND date »>» ReadMe
Execute: date >> ReadMe
COMMAND hostname »»> ReadMe
Exacute: hostname >> ReadMe
COMMAND . /setup.sh $TESTNAM | tee -a ReadMe
Execute: ./setup.sh r207 | tee -a ReadMe

“recessing okbservation data

Reading from "spec_cobservations.ia”

For test id HEAD

Added 44 chsesrvations ‘n 1 groups
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saved opsarvation instructicn file to: modelsd_head.ins
For test id H3
Added 77 observations in 4 groups
saved observation instruction file t
For test id WIPP13
Adcded 185 observaticns in 9 groups
saved chservation instruction file to: modeled wippl3.ins
For test id HI1L
Added 130 cbservations in 10 grours
saved cbservation instruction file to: modeled hll.ins
For test id 214
Added 92 cohservations in 5 groups
saved observation instruction file to: modeled pld.ins
For Test id H1S
added 1537 observations in 7 greoups
saved chservaticn instruction fils to: medzled _hl9.ins
For test id WQOSP1
Added 40 ocbhservations in 2 groups
saved obzervation instructicn file to: modeled wgspl.ins
For teslk id WQ3IF2
2dded 83 observaticns in 4 groups
saved cbservation instruction file to: modelad wgsp2.ins
For test id WIBFLL )
Added 274 cbservaticons in 12 groups
saved cbservation instruction file to: modeled wippll.ins
For test id SHLl4
added 276 observaticns in 12 groups
aaved cbaservation instructien Zile to: modeled snllid.ins
Far the parameter T:
Reading from "spec peints T.in"
5 zones defined for parameter T
reading r207%coord.map == 1 for zone id 1
reading zone_halitemargins.geo == 1 for zone id 1
eading zone_dissolution.geo == 1 for zone id 2
gading zone halite.geo == 1 for zone id 3
¢ading zone roflow.geo == 1 for zone id 4
saved zone [ield Lo: modeled zones points T.inf
Creating iniltial walues fizld for parameter T
Zone 0 assigned 12747 cells with an average value of ~4.35012789382
Zone 1 assigned 27431 cells with an average valua of -&.65617460872
Zone ? assigned 18535 cells with an average va'ue of -3.32268627%24
Zone 3 assigned 21Z53 cells with an average value of -11.86078%4806
Zone 4 assigned 7218 cells with an average wvalue of -25.0
saved initial values field to: modsled init peints_T.mod
Creating pilot points for parametex T
Assigned 225 wvariable and 18 Cixed pilol peoints to zone 0
Assigned 255 variable and 32 fixed pilot points to zona 1
dssigned 21 variable and 11 fixed pilet points to zone 2
Assigned O varisble and 0 fixed pilot peoints to zore 3
Assigned 0 varisble and 0 fixed pilet points to zone 4
saved pilot points template file to: modeled points T.tpl
saved initial pilet points data te: modeled peints_T.dax
Creating groundwater-utility orogram input-redirection files
saved REALZMCD template file to: realZmod points T.tgl
saved REALZMCD inpubt file to: reallrod points T.in
saved FACZREAL input file to: faclreal points T.in
saved PPKZFAC input file to: ppk2fac points T.in
saved initial pilot points summary to: modeled init poirts T.tex
For the parvameter 8:
Reading from “"spec peoints 5.in"
5 zones defined for parametar 3

a

mocdeied h3.ins

ks
r

reading zone Lransition.geo == 1 for zone id 1
reading zone_uncenfined.gso == 1 for zone id 2
reading zone _halite.gec == 1 for zcne id 2
reading zone noflow.gec == 1 for zone id 4

saved zone field to: modeled zones peints_S.inf

Creating initial values field for parameter $
Zone 0 assigned 35680 cells with an average value of ~5.0
Zone 1 assigned 8031 czlls with an average walue of -4¢.90
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Zone 2 assigned 11006 cells with an average wvalue of ~1.
Zone 3 assigned 21253 cells with an average value of -8
Zone 4 assigned 7218 cells with an average wvalus of -25.
saved initizl values eld to: mcdeled_lnit points S.mod

Creating pilet points Yor parameter &

Assigned 198 wariable and 79 fined pilot points to zone O
Zssigned 36 variable and 0 fixed pilct points to zone 1
Azzigned 39 variable and 0 fixed pilect peints te zone 2
hzzigned 0 variable and 0 fixed pilot points to zone 3
Assigned 0 wvariable and 0 fizxed pilot points to zone 4
saved pilot points template f(ile to:!: modeled points S.tpl
saved initial pilet points data to: modeled peints 5.dat

Creating greoundwater-utility program input-redireckblon “iles
saved RSALZ2MCD template file to: reallmod_points_S.tpl
saved REALZMOD input file to: rzealZmod points 8.in
saved FAC2REARL input file zo: facZreal points S5.in
saved PREZFRC input file to: ppkifac points S.in

(=B I |

saved initial pilot points summary teo: meodeled init points_S.

For the parameter A:

Reading from "spsc_points_A.in"
5 zones defined for paramater A

reading r207cocrd.map == 1 for zones Id 1

reading zene halitemargins.gec == 1 for zone id 1
reading zerne_dissolnticn.geo == 1 foxr zene id 2
reading zome halite.cec == 1 for zeone id 2
reading zone noflow.gec == 1 for zone id 4
saved zone Zield To: medeled zones points A,

Creating initial wvalucs field for parameter A

Zone 0 assigned 12747 cells with an average wvalue of 0.
Zone 1 assigned 27431 cells with an average wvalue of 0
Zone 2 assigned 183385 -ells with an average wvalue of 0
zone 3 assignod 21253 cells with an average walue of 0
Zone 4 assigned 7218 cells with an average value of -25.
saved initial wvalues field to: modeled init peints A.mod

Ureacing pilet points [or parameter &

Assigned 13% wariable and O fixed pilct points to zone O
Assigned 152 wvariegble and O fixed pilet points to zone 1
Assigned 20 variable and 0 fixed pilot points to zone 2
Assigned C variable and J Zixed pilol points te zcne 32
Agsignsad € varizble and 9 fixed pilot points te zone 4
saved pilol points template file to: modeled points A.tpl
aved initial pilot poinis date bto: modeled points A.dat

Creating groundwater-utility pregram input-redirection files
saved REALZMOD template file to: reallmod points A.tpl
saved REALZMOD input file Lo: reallZmod _points A.ln

saved FACZREAL input file Lo: facZreal points A.in

saved PFEZFAC input file to: ppk2fac_points A.in

s T e T e ]

5.0

saved initial pilot points summary te: modeled init points A.

Tor the parameter E:

Eeading from "spec_points R.in"

2 zones defined for parameter R
reading zone rechargc,geo == 1 fer =zons id 1
saved zore field to: modeled zones points R.inf

Creating initial wvaluss field for psrameter R
Zons 0 assigned 86975 cells with an average walue of -30.30
Zone I assigned 213 cells with an average value of -il1.,0
saved initial wvalues fisld to; modeled init points R.mod
Creating pilat poituts for varameter R
Assigned 0 wvariabls and 0 figed pileot points to zone 0
Assigned 2 variabls and 1 Zixed pilot points to zone 1
saved pilot points template file to: modeled points_R.tpl
saved initial pilot points data to: modeled points R.dat
Creating groundwater-utility program input-redirecticn files
saved REALZMOD template file to: rea’lZmod points R.tpl
saved REALZMOD input file to: real2mod _points B.in
saved FACZREAL input file to: facZreal points R.in
saved PPXZFAC input Zile to: ppk2fac_points R.in

tex

saved initial pilot points summary to: modeled init points R.tex

saved PE3IT control file zo: rz207 init.pat
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saved PR3T control file to: r207_once.pst

saved ?RS8T run management file: r207 init.rmf

saved PEST run management file: r207 svda.rmf
cp: cannet stat “dorkmf _manypts.inp': Mo such file or directory
cp: cannet stat ‘dirkmf tracks.inp': Ne such file or directory
Copied files to slavel
cp! cannot atat “dirkmf manypts.inp': No such file or directory
cp: cannct stat Cdirkmf tracks.inp': No szuch file or directory
Copied files to slavsl
cpi cannot stat “dtrimf manvypts.inp': Mo such file or directory
cp: cannot stat “dtrimf tracks.inp': No such file or directory
Copied files to alavel
cp: cannot stat “dtrimf manvpts.inp': Mo such file or direciory
cp: cannct stat “ditrxmf Lracks.inp': No such file or dirsctory
Copied files to slaved
¢p: cannot stal “dtrkmf manypts.inp': No such fils or directory
cp: cannof stal “dtrkmf tracks.inp': Mo such file or directory
Copied files to slaved
cp: cannot stat “dtrkmf manypts.inp': No such file or directory
cp: canneot stat ‘dtrkmf tracks.inp': Ko such file or directory
Copied files to slaveb
COMMAND . /fix_sn18.sh $TESTNAM | tee -a ReadMe
Execute! ./ /Tix_snl8.sh r207 [ tee -a ReadMe

BEARREP Varsion 9.1%, Watermark Numerical Computing.

Reading parameter value file r207_last.par -—--->
Data for 1305 parameters read from fils r207 last.par.

Reading file r207_init.pst and writing file rZ07 update.pst ----- >
File r207_update.pst written ok.
PARAMELY Version 9.1.. Watermark Wumcrical Computing.

Reading parameter fix file paramfix pcints.in
- data for 1120 parameters reac from file paramfix_points.in.

Reading file rZd7 updats.pst and writing file r207 init.pst
- file r207_update.pst read ok.
- file r207_init.pst written ok.
my: cannet stat "r207 new.pst': No such file or dirsctory
COMMAND . /runpest.sh STESTNAM 6
Execute: ./runpest.sh r207 6

Starting in 3 . 2 . 1 ., done!
Your jcb 2367.2-6:1 ("r207coordsS") has been submitted.
Your job 2368 ("r207coordM™) has neen submiited,

Job 2368 exited with exit codes 0.
The Zob r207cecords of user (3) mdrenc does not exist

The reader can see the insertion of the “fix_snl8” command, which limits the update calibration to the
area shown in Figure 4-3 and discussed in Section 4.2, In this case, the PEST_SLAVE and PEST_MASTER
output logs are in CVS://Tfields::RunControl/LogFiles/alice/r2(07coordS.02567.7 and
CV5://Tfields::RunControl/LogFiles/alice/r207 coordM. 02568 respectively.

H.6 Re-Update Calibration Process

A few files were selected for continued recalibration, as discussed in Section 4.2.2 of this document.
These flelds were launched by the run master using the “ReUpdateField.sh” script, which operates in the
same way as “RunFieldID.sh” and “UpdateField.sh”. Again, an excerpt from the log file
“reupdate_r207.rtf” is presented here.

COMMAND mv -f mf2k_1.6.release mf2k.exe
Execute: mv -f mf2k_1.6.release mf2k.exe
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COMMAND mv -f dtrkmf_v0100 dtrkmf.exe
Execute: mv -F dtrkmf_v0I00 dtrkmf.exe
COMMAND mv modeled_points_T.dat modeled_final_points_T.dat
Execute: mv modeled_points_T.dat modeled final _points T.dat
COMMAND mv modeled_points_A.dat modeled_final_points_A.dat
Execute: mv modeled_points_A.dat modeled final_points. A.dat
COMMAND mv modeled_points_R.dat modeled_final_points_R.dat
Exccuter mv modeled_points_R.dat modeled_final_points R.dat
COMMAND mv modeled_points_5.dat modeled_final_points_s.dat
Execute: mv modeled_points_s.dat modeled final points_$.dat
COMMAND echo STESTNAM > ReadMe
Execute: echo r207 > ReadMe
COMMAND echo Started >> ReadMe
Execute: echo Started >> ReadMe
COMMAND date >> ReadMe
Executa: date >> ReadMe
COMMAND hostname >> ReadMe
Execute. hostname >> Readme
COMMAND . /setupl0.sh $TESTNAM | tee -a ReadMe
Execute: ./ setupl0.sh r207 [ tee -a ReadMe
Processing observation data
Reading from "spec_observations.in”
For lest id HEAD
Added 44 chservations in 1 groups
saved observation instruction file to: modeled_head.ins
For test i1d H3
added 77 cbservations in 4 groups
saved obssrvation instruction file to: modelsd h3.ins
For test i1d WIP213
Added 185 observaticns in 9 groups
saved cbservation instruction file to: modeled wippl3.ins
For tesh id H1l
Addec 150 observaticns in 10 groups
saved cbservation instructien file to: mwodeisd hli.ins
For Lest 14 Fl4
added 92 cbservations n $ groups
saved observation instruction file to: modslad plé.ins
For tast 1d H19
added 57 observaticns in 7 groups
saved cbservation instruction file to: modeled hi%.ins
For test id WQSEl
Added L0 cbservaticons in 2 groups
saved chservation imstructicn file to: modeled wgspl.ins
For lest 1d WQSP2
Added 85 chservations in 4 groups
saved cbservation instructicn file io: modeled wgspZ.ins
For test id WIPP1l
Added 274 observations in 12 groups
saved cbservation instructicon file Zo: modsled wippll.ins
For test id SKLLA4
added 276 observauions in 12 groups
saved cbservation instruction file o: modeled snlld._ins
Tor the parametzr T:
Reading from "spec_points_ T.in"
5 zones defined for paramever T
reading r2C7cocrd.map == 1 for zone id 1
reading zerne_halitemargins.gso == 1 for zone id 1
reading zere_dissclution.gec == 1 for zone id 2
reading zcrne halite.geo == 1 for zone id 3
reading zorne noflow.geoc == 1 for zone id £
zaved zone field to: modeled zones points T.inf
Creating initial wvaluss fiszld for parameter T
Zone 0 assigned 12747 cells with an average value of -4.35012785%382

Zone 1 assigned 27431 cells with an avarage value of -56.65617450572
Zone 7 assigned 18338 callz with an average value of -3.3226B627924
Zone 3 assigned 21253 cells with an average value of -11.8607894806
Zone 4 assigned 7218 cells with an average value of -25.0

gaved initial values field to: wmodeled init_peints_T.mod
Creating pileot polnts for carameter °

Assigrned 225 variables and 18 fixed pilet points to zons 3
Assligned 255 wvariable and 32 fixed pilot points to zone 1
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Assigned 91 variakle and 1 fixed pilot points to zone 2
Agsigned 0 variable and 0 fixed pilot points to zone 3
Assigned 0 variable and 0 fixed pilot points to zone 4
saved pilot points template file to: modeled peints T.tpl
saved initial pilet points data te: modsled points T.dat
Creating groundwater-utility progran input-redirection files
saved REALZMOCU template file to: realZmod peints T.Ipl
saved REALZMOD input file to: realZmed points T.in
saved FACZREAL input file to: facZreal points_T.in
saved FPRZFAC input file to: ppkifac_peints_T.in
saved initial pilet points swmary to: modeled init points T.tex
For the parameter J:
Reading from “"spec points 5.1in"

5 zones defined for parameter 3

reading zone_transition.geo == 1 for zons ld 1
reading zone_unconfined.geo == 1 for zons id 2
reading zone halite,geo 1 For zone id 3
reading zone neflow.gec == i for zone id 4
saved zone field to: modeled zones_points S.inf

Creating initial wvalues field for parameter §
Zone 0 assigned 39680 cells with an average wvalue of -5.0

Zone 1 assigned 2031 cells with an average value of -4.0

Zone 2 assigned 11006 cells with an average value of -1.5%
Zone 3 assigned 21233 cells wikh an average value of -5.0
Zone 4 assigned 7218 celis with an average value of -25.0

saved initial values field to: modeled init points_S.mod
Creating pilet points for parameter 3
Azgigned 198 wvariakle and 79 fixed pi’ot points tc zone 0
Assigned 36 variable and 0 fixed pilot points to zone -
Assignad 39 variablie and 0 fixed pilet moints to zone 2
Assigned O varizble and 9 fixed pilot peints to zone 3
Assigned ¢ variable and 0 fixed pilot points to zone 4
saved pilot points template file to: rodeled points_S.tpl
savaed initial pilet points data to: modeled peints_S.dat
Creating groundwater-utility program input-redirection files
saved REALZMCD template file to: realZmod points_S.tpl
saved REALZMOD Input file to: realZmed points 5.1in
saved FACZREAL input file to: facZreal points_5.in
saved PPRZFAC input file te: ppkZ2fac _points §.in
saved initial pilot points summary to: medeled_init_points S.tex
Fox Lthe parameter A:
Reading from "spec poinkts A, in"
5 zones defined for paramcter A
reading r2Q07cocrd.map == 1 for zone id 1
reading zone_halitemargins.gec == 1 for zcone id 1
reading zone_dissolution.gee == 1 for zone id 2
reading zone_halite_geo ==.1 for zone id 3
reading zona nollow.geo == 1 for zone id 4
savad zone field toc: modeled zcones points &.inf
Creating iritial values field for paramstar A
Zone 0 assigned 12747 cells with an averags value of
Zone 1 assigned 27430 cells with an averags wvalue of
sone 2 assigned 18539 cells with an average value of
done 3 assigned 21233 cells with an average value o
tone & assigned 7218 cells with an average walue of -25.0
saved initlal wvalues field to: modeled irnir points A.mod
Creating pilot points for parameter A
Assigned 135 variable and 0 fixed pilou points te zoune 0
Assigned 152 wvariable and 0 fixed pileot points to zone 1
Azsigned 30 variable and 0 fixed piiot peints to zone 2
Assigned 0 variable and 0 fixed pilot points Lo zone 3
Assigned 0 wariable and 0 fixed pilet points to zone 4
saved pilet points template file to: modeled points A_tpl
saved initial pilet points data to: noedeled_points_A.dat
Creating groundwater-utility program input-redirection files
saved REALZMOD template file to: reallrod points_&.tpl
saved BEALZMCD input file to: realZmod points_a.in
saved FACZREAL input file veo: fac2real points A.in
saved PPKEFAC input file to: ppkZfac points A.in
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saved initlal pilet points summary to: modeled init points A.tex
For the parameter E: B
Reading from "spec ooints R,in"
2 zones defirad for parameter R
reading zone recharge.geo == 1 for zone id 1
saved zone field to: modeled_zones peints R.inf
Creating iritial wvalues field Zor parameter E
Zone  assigned 86975 cells with an average value of -30.0
Zcne 1 assigned 213 cells with an average wvalue of -11.0
saved initial walues field to: modeled init points R.mod
Creating pilct podints for parameter R B
Assigned 0 wariable and 0 fixed pilet points to zone ©
Assignoed 3 wvariable end 1 fixed pilet points to zone 1
saved pllot points template file to: modeled points R.tpl
saved initial pilot points data to: modeled points R.dat
Creating ¢roundwater-utility pregram input-redirszction files
saved REALZMOD tempiate file to: realiZmod points R.tpl
saved REALZMOD input £ile to: realZmod points R.in
saved FRAIZRIAL input Zile to: faclreal peints ®.in
saved PPEZFAC input file to: ppk2fac points R.in
saved inillal pilet points summary to: modaled irnit points R.tex
saved PE2T ccontrol file to: r207 init.pst
saved PE2T control file to: r2C7 once.pst
saved PEST run management file: r207 init,rm?
saved PEST run management file: r207:5vda.7mf
cp: cannot stat “dtrkmf manypts.iap': Ne such file or directory
cp: cannot stat “dtrkmf tracks.inp': ¥o such file or directory
Copled files to slavsl
cp: cannet stat “dtrinf _manypts.inp’: No such file or directory
cpi cannet stat ‘dirkmf tracks.inp': Mo such file or directery
Copied files to slave?
cp: cannst stat “dorkmi_marnypts.inp': Yo such file or directery
cp: cannolt stat ‘dorkas tracks.inp': Ne such file or dirsctory
Copled files to slawves3
co: cannot stat dirkmf _manyots.inp’: Ho such file or directory
co: cannot stat “dtrkmf tracks.ind': No such file or diresctory
Copled Files to slaved
cp: cannot stat Tdicknf manypIs.inp': WMo such file or directory
cp: canres stat Tdtrkmf tracks.inp': Ko =uch file or directory
Copizd files to slaves
cp: cannot stal “ditrkmf manypts.inp': Ne such file or directory
cp: cannot stal ‘dtrkmf_tracks.inp’: Wo sucn file or directory
Copied fiies to slavesd
COMMAND . /update_pest.sh $TESTNAM | tee -a Readme
Execute: ./Jupdate_pest.sh r207 [ tee -a ReadMe
PARREF Version 9.11, Watermark Numerical Computing.

Roading paramécer value file r207 last.par ----- >
Jata for 130% paransters read from f£ile r207 last.par.

Reading file r2C7 init.pst and writing file r2)7 update.pst ----- >
File r207 update.pst written ck.

COMMAND . /runpest.sh STESTNAM &

Execute: ./ runpest.sh r207 6

Starting in 3 . 2 . 1 ., done!
Your job 2760.2-€:1 ("r207coordS") has been submitted.
Your job 2761 ("r237coordM”™! has been submitted.

Job 2761 exited with exit code 0.
The jop r207cocrdf of uszer(s) mdreno does Not exist

Instead of “fix_snl8.sh”, the “update_pest.sh” script was used to correct the input file for continued
recalibration.
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H.7 Travel Time Calculation Process

The travel times were calculated on the finaf calibrated fieids using “tfields_dtrkmf.inp” and
“tfields_dtrkmf2.inp”. The only difference between these files is the list of fields on which they operate,
in order to run transport calculations on all the fields.

Unlike the calibration runs, these were run directly using RunReadScript by the run master, and not
done using a template input file and scripts, The commands issued were:

» nohup RunReadscript tfield_dtrkmf.inp
» nohup RunReadScript tfield_dtrimf2.inp

Both these runs were executed on the ALICE system, as DTRKMF was qualified on ALICE. An excerpt
from the log file is presented below.

COMMAND date

Execute! date

Tue Jun 30 13:56:07 MDT 2QC9
COMMANRD chmod +x run_dtrkmf.sh
Execute: chmod +x run_dtrkmf.sh
COMMAND 1n dtrkmf_v0100 dtrkmf.exe
Execute:r In derkmf vO100 dtrimf.exe
COMMAND . /run_dtrkmf.sh selectedrFields.txt
Execute:r ./ run_dtrkmf.sh selectedFields. txt

Checking out Outputs/Update/r4d0/modeled &_field.mod

RC8: /nfs/data/CVSLIB/Tfields/Outputs/Update/rd440/modeled K _fisld.mod,v
VERS: 1.1

B R

Cheacking outl Outputs#Update/rd4O/modeled7A7field.mod
RCS:  /nEs/daca/CVILIB/Tfields/Ouiputs/Update/r4dd/modeled A fieid.mod, v

VERS: 1.1
S SO s o it o o

Checking ont Outputs/Update/rd440/modeled 3 “ield.mod
RCS:  /nfs/data/CYSLIB/Tfields/Outputs/Ipdate/rd40/modeled § field.mod,v

VERS: 1.1
L R el

Checking out Cutpuls/Update/radd/mndeled R Ffield.mod
RCE: /nis/data/CVSLIB/Tfields/Outpats/Update/rda0/modeled R_field.mod,v

VERS: 1.1
ook o o o o oo o o

Checking gut Qutputs/Update/rd40/modeled flow.bud
RCS:  /nfs/data/CVSLIB/Tfields/Outputs/Update/ridl/modeled flow.bud, v
YERS: 1.1
Lk o o
Normal DIREME Ccmpletion
FHF#HHUSING TREADWAY ANALYTIC SOLVERB#4f#3#
PARTICLE EXIT SUMMARY: 1 5.CG73EE+0H3  3F.%5€5E+03 1,3063m+04 1.843%E+04
Normal DTREMF Completion
HHEH4HFUSING TREADWAY ANALYTIC SOTVERGHEH4E
EARTICLE ZXIT SUMMARY: 1 2.1351E4+04 1.,8D60E+04 1,.1209E+04 3.GHO0E+04

The “run_dtrkmf.sh” command is found in CVS://Tfields::Inputs/scripts, and is presented in G.5.2.






